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Executive Summary 

The following is the fourth year-end report for the Salish Sea Marine Survival Project: the joint U.S. – 
Canada effort to determine the primary factors affecting the survival of juvenile salmon and steelhead in 
the Salish Sea marine environment. This project is coordinated by the Pacific Salmon Foundation (PSF) for 
the Canada and Long Live the Kings (LLTK) for the U.S. Puget Sound. This is a complete year-end report 
(January 1, 2017-December 14, 2017).  
 
In 2017, the U.S. and Canadian teams continued their field programs including measurements of physical 
water properties, and zooplankton and juvenile fish sample collections. The U.S. continued to utilize the 
capacity of their large federal/state/tribal co-management structure combined with academic and federal 
Principal Investigators to man the salmon and zooplankton sampling activities, and the existing buoy and 
water quality sampling network managed by the University of Washington and Department of Ecology to 
capture the physical properties of Puget Sound. The Canadians worked with academic and federal 
Principal Investigators for the sampling program and utilized them and others for salmon sampling. The 
Canadians also continued their community-based, citizen science sampling program, utilizing volunteers 
to water quality and zooplankton data throughout the Strait of Georgia.  
 
In the Strait of Georgia, 2017 made up the third and final year of the complete program of field studies.  
Work continued to focus on the Cowichan, Puntledge, Big Qualicum and Fraser watersheds. A number of 
modeling initiatives were funded on the Canadian side for 2017-2018, and GIS and analytical capacity was 
increased. Work continues with the Strait of Georgia Data centre to collate datasets gathered under 
SSMSP, and time series for use by the modelers. PSF established a number of focussed workgroups for 
the following: Biological Oceanography & Environmental Parameters: Zooplankton, Ichthyoplankton & 
Forage Fish: Juvenile Salmon: Predation, Parasitism & Disease; Nearshore Habitat; and Analysis & 
Modeling. Workgroup leaders were assigned and meetings occurred during the summer and fall to assess 
progress to date with respect to the key SSMSP hypotheses. Workgroup leaders met in November 2017 
to discuss overall progress and next steps.   
 
During 2018, these Canadian-led Workgroup meetings will include the relevant counterparts from the US 
Technical Team. Further, a Synthesis Committee is being established with lead science reps from the US 
and Canada. Through the Workgroup and Synthesis Committee efforts, focus will be placed on 
assimilation and integration of transboundary results where practicable. The Synthesis Committee is also 
charged with providing guidance on and, where practicable, contribute to the development of one or 
more publications that synthesize key results affiliated with the project. 
 
In Puget Sound, 38 studies are underway. Zooplankton collaborators continue to sample all basins of 
Puget Sound from March to October for a fourth consecutive year, and sampling has been extended 
through the winter in attempt to better capture the environment when forage fish are spawning. LLTK is 
working with federal, state and tribal managers in the region to transition the program into a long-term 
monitoring effort based upon data suggesting correlations between the Puget Sound/Admiralty Inlet 
zooplankton community composition and coho and yearling Chinook salmon survival. Washington 
Department of Fish and Wildlife is assuming role of coordinator if funding is successfully identified. Also, 
the work to build a Puget Sound Atlantis end-to-end ecosystem model, and develop and assess ecosystem 
indicators, is well underway. Further, 8 new studies were added for the final 2 years of the Salish Sea 
Marine Survival Project’s research phase. A combination of Southern Endowment Funds and discretionary 
money from private donors, Boeing and Vulcan Inc., made this possible. These studies are described in 
this report.  

As research findings come in, some management actions are already resulting from the project. Highlights 
include: 

 Through the project, US Geological Survey and partners learned that Nanophyetus, a parasite, has 
been infecting steelhead in the Green and Nisqually rivers at high rates.  A treatment was then 
developed in the next phase of marine survival research, and that treatment is now being tested at 
Soos Creek Hatchery. A rapid analysis tool was also developed to quickly characterize streams, find 
hotspots, and then address the host, a snail.  These stream analyses are proposed for the next round 
of work. 

 PBDEs, a fire retardant, have been found in steelhead in the Nisqually River and Chinook in the 
Snohomish River at levels that can drastically affect their health. LLTK and partners are now taking 
steps to isolate the sources of these contaminants so that they can be addressed. 

 State and tribal staff are testing whether transporting hatchery coho around areas of high mortality 
in South Puget Sound leads to higher survival. Similarly, Canadian federal staff are testing whether 
transporting hatchery Chinook downstream in the Cowichan River reduces in-river mortality 
identified in our project. 
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 Washington Department of Fish and Wildlife is preparing to initiate a study where they release 
Chinook at different times over the course of several months. This approach will be used to assess 
whether a diverse outmigration timing portfolio helps improve average survival for a hatchery 
population. It will also help us learn whether life-history diversity is limiting wild fish productivity. 

 The Puget Sound treaty tribes have recommended that harbor seal predation and ways to mitigate 
the impact be assessed in their recent “bold actions” request to the Puget Sound Salmon Recovery 
Council. 

 Our information is providing increased focus on forage fish recovery in places like the San Juan 
Islands, where juvenile Chinook are consuming herring and Pacific sand lance at high rates. 

The final five studies for Puget Sound steelhead marine survival are also ready to go, pending receipt of 
funds from the Washington State Legislature in spring 2018. 
 
Research alignment throughout the Salish Sea is occurring by operating under a single overarching 
research framework, focusing on similar operational hypotheses, and aligning specific sampling 
approaches: especially, with bottom-up sampling (salmon/zooplankton/physical), where protocol have 
been shared and reviewed by participants on each side of the border, specific samples are being taken 
consistently, etc. Alignment continues with LLTK and PSF partnering to collate a common suite of 
ecosystem and salmon metrics, and fine-tuning a cohesive modeling approach, and a cohesive data 
management approach.  
 
Several publications are under development, with 9 published during the year, bringing the total 
manuscripts accepted or published to 16.123456789 The 2016 U.S. Canada retreat report was also completed. 
On the Canadian side, summary documents providing details on the 2016 program results, and outlining 
the 2017-2018 program were also completed. For the U.S., a higher level, “Where are we now?” 
communications document was completed.  All reports/manuscripts are available at 
www.marinesurvivalproject.com/resources.   
  
This report provides information on Project Management, Research Activity Development and 
Implementation Status, and Budgets. Information for the Project Management section includes details of 
project staffing, project development and coordination, and communications. Information for the 
Research Activity Development and Implementation Status includes information on the studies that have 
been funded directly (either wholly or in part) by PSC funds in 2017. These studies are described under 
one of the three categories that have been established to organize and define the U.S. and Canadian 
research, namely: Bottom-Up Sampling Program and Individual Studies; Top-Down Studies; and Trend 
Analyses and Modeling. Finally, budgets for both PSF and LLTK are provided below as excel spreadsheets, 
cross-referencing all research activities.  

                                                 
1 Will Duguid and Francis Juanes. 2017. Microtrolling: an economical method to non-lethally sample and tag juvenile 
Pacific salmon at sea. Transactions of the American Fisheries Society, 146 (2): 359-369 
2 Megan E. Moore and Barry A. Berejikian. 2017. Population, habitat, and marine location effects on early marine 
survival and behavior of Puget Sound steelhead smolts. Ecosphere, 8 (5): e01834. 
3 Nathan B. Furey and Scott G. Hinch. 2017. Bull trout movements match the life history of sockeye salmon: 
consumers can exploit seasonally distinct resource pulses. Transactions of the American Fisheries Society Vol. 146 , 
Iss. 3,2017 
4 Casey Ruff, Joseph Anderson, Iris Kemp, Neala Kendall, Peter Mchugh, Luis Velez-Espino, Correigh Greene, Marc 
Trudel, Carrie Holt, Kristen Ryding, Kit Rawson. 2017. Salish Sea Chinook salmon exhibit weaker coherence in early 
marine survival trends than coastal populations. Fisheries Oceanography. 
5 Neala Kendall, Gary Marston, and Matt Klungle. 2017. Declining patterns of Pacific Northwest steelhead trout 
(Oncorhynchus mykiss) adult abundance and smolt survival in the ocean. Canadian Journal of Fisheries and Aquatic 
Sciences. 74: 1275–1290 
6 Healy et al. 2017. Route-specific movements and survival during early marine migration of hatchery 
steelhead Oncorhynchus mykiss smolts in coastal British Columbia. Marine Ecology Progress Series V 577 p131-147  
7 Purcell et al. 2017. Detection of Nanophyetus salmincola in water, snails and fish tissues by quantitative PCR. 
Journal of Aquatic Animal Health. Vol 29, Iss 4. 
8 Sobocinski et al. 2017. Using a qualitative model to explore the impacts of ecosystem and anthropogenic drivers 
upon declining marine survival in Pacific salmon. Environmental Conservation. 
9 Cedar Chittenden, Rusty Sweeting, Chrys Neville, Kelly Young, Moira Galbraith, Eddy Carmack, Svein Vagle, Mike 
Dempsey, Jane Eert, Richard Beamish. Estuarine and marine diets of out-migrating Chinook Salmon smolts in relation 
to local zooplankton populations, including harmful blooms. 2017. Estuarine, Coastal and Shelf Science 
Volume 200, 5 January 2018, Pages 335-348 
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Overview 

The following is the fourth year-end report for the Salish Sea Marine Survival Project: the joint U.S. – 
Canada effort to determine the primary factors affecting the survival of juvenile salmon and steelhead in 
the Salish Sea marine environment. This project is coordinated by the Pacific Salmon Foundation (PSF) for 
the Canada/Strait of Georgia and Long Live the Kings (LLTK) for the U.S./Puget Sound. The Pacific Salmon 
Commission, Southern Fund Committee committed $5 million dollars over 5 years for this project, 
beginning with $1.8M in 2014, and followed by $800k for 2015, 2016 and 2017. The same amount will be 
provided for final year of this program (2018). 50% of the funds are allocated to each organization, PSF 
and LLTK, for research activities in the Strait of Georgia and Puget Sound, respectively.  
 
The progress report is divided into 3 sections:  

A. Project Management 

B. Research Activity Status and Recent Findings 

C. Budget and Funding Updates 

This is a complete year-end report (January 1, 2017 – December 14, 2017) providing information on the 
status of all projects. Detailed descriptions of each research activity can be found on the joint project 
website, www.marinesurvivalproject.com and in documents listed in the “Resources” page on that site.  
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A. Project Management 

Seattle-based Long Live the Kings (LLTK) and Vancouver-based Pacific Salmon Foundation (PSF) are 
managing this international research effort: developing the project as a whole, coordinating research 
activities and administering funding10, ensuring appropriate alignment throughout the Salish Sea, 
establishing and maintaining project outreach and communications, and working to create the necessary 
funding mechanisms for the length of the research effort.  
 
The following is a compilation of the key activities, illustrated in 3 categories: project staffing, project 
development and coordination, and communications. 

A1. Project Staffing 
Project staff are listed below. Staff are directly supported via this grant (as indicated in the budget section), 
or peripherally via administrative overhead and match funding. This includes project management, 
communications, and research activity support where needed. 

Canada 
For project development and management, PSF staff working on this project include: 

 Dr. Isobel Pearsall, PSF, Project coordinator 

 Dr. Brian Riddell, CEO PSF, Science Lead. 

 Tim Sucic, VP, Operations, PSF, for accounting, finance, audit, HR, reporting, corporate filing, 
governance. 

 Michael Meneer, Vice President for Development, Marketing, Communications, PSF, for project 
fundraising and communications. 

 Elayne Sun, Communications Coordinator, PSF, for communications and media. 
 

To fill critical gaps in field support, PSF: 

 supports two technicians: Colin Novak and Lenora Turcotte, and a phytoplankton taxonomist, 
Svetlana Esenkulova. Short term contracts to 2 VIU students also assisted with preparation of 
supplies for the citizen science field program. 

 
For continued development of the Strait of Georgia Data Centre, PSF: 

 supports a geospatial analyst, Terry Curran and two research assistants: Ianna Folkes and Jamie 
Hargreaves.  

 supports a GIS analyst (part time contract): Ben Skinner 
 supports a librarian (part time contract): Mathew Vis Dunbar 

United States 
LLTK project development, management and field support staffing: 

 Michael Schmidt, LLTK Program Director, continues as the Puget Sound coordinator.  

 Iris Kemp, Research Ecologist. Supports coordination, and helps fill critical research gaps.  

 Jacques White, LLTK Executive Director, high-level coordination with U.S. project partners, and 
strategic positioning of the project within partner priorities.  

 Mike Ewanciw, LLTK Finance Director, manages project finances including direct expenses and 
sub-awards. 

 Kathryn Sobocinski. LLTK hired a lead investigator on ecosystem indicators (under the guidance 
of a managing PI from NOAA). This position is stationed at NOAA Fisheries, but paid for directly 
by LLTK as term staff. 

 Hem Morzaria. LLTK hired a lead investigator to develop a Puget Sound Atlantis model under the 
guidance of a managing PI from NOAA). This position is stationed at NOAA Fisheries, but paid for 
directly by LLTK as term staff. This position is funded by the Boeing Company. Raphael Girardin, 
who initially held this position, returned to France in fall 2017. Hem replaced him.  

                                                 
10 In Puget Sound,  portions of some of the research activities are funded directly via other sources not administered 
by LLTK  
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 Jennifer Eccles. LLTK hired an investigator to help assess geoduck growth increments as a metric 
for evaluating long-term productivity trends for Puget Sound. This position is funded by Vulcan 
Inc. 

 Nastasha Dworkin, LLTK’s communications consultant, develops communications and fundraising 
media and project branding materials, helps refine messaging, coordinates with press and 
collaborating partners’ outreach staff, and helps develop photo/video content. 

Budget Categories = “STAFFING” and “COMMUNICATIONS” on both the LLTK and PSF budgets provided 
below. For PSF, these include payments to Isobel Pearsall, Lenora Turcotte, Colin Novak, Svetlana 
Esenkulova, Terry Curran, Ianna Folkes, Jamie Hargreaves, Ben Skinner and Mathew Vis Dunbar. For LLTK, 
this includes staff time and payments to Natasha Dworkin. 

A2. Project Development and Coordination 
The following are the project development and coordination activities that have been completed over the 
reporting time period. They include both joint and independent work. 
 
United States (LLTK) and Canada (PSF) 

 Maintained an up-to-date comprehensive website describing the project, background, purpose 
and details of research activities (www.marinesurvivalproject.com). This site will continue to be 
the primary mechanism for encapsulating critical details about the project and communicating 
with the interested public. 

 Held frequent meetings between the US and Canadian project coordinators, Michael Schmidt and 
Isobel Pearsall. 

 Held management and fundraising meetings between key LLTK and PSF staff. 

 Continued to maintain the project pages in the Basecamp web-based project management utility 
for key research activities. This site serves as an active project coordination utility. The utility 
allows for sharing calendars, resources, raw data, key findings and supports general 
communications among researchers. 

 Completed the report from the 2016 US-Canada Retreat describing research status, findings, and 
project needs (available on the resources page of marinesurvivalproject.com.) 

 Held the 5th annual winter retreat for key project participants in Richmond Dec 6-7, 2017.  

Canada - PSF 
 Implemented the complete 2017 Research program, including: citizen science oceanographic 

sampling, buoys, satellite imagery, zooplankton program (citizen science and DFO/Science), 
herring studies, juvenile salmon collection and analyses including genomics processing, and 
expansion of the seal predation studies (diet samples and processing).  
 

 New funding was made available for the 2017-2018 funding period for the following studies:  

-Funding modeling programs for a) Dr. Susan Allen (UBC), b) Dr. Villy Christensen (UBC) and C) Dr. 
Angelica Pena (IOS). 

-Provide funding to John Dower’s lab at UVic for analysis of herring energy content. Given the 
importance of herring to juvenile coho and chinook diets, this collaboration will be useful. 

-Provide funding to Dr. Brian Hunt’s lab at UBC for a post-doc who will establish a mechanistic 
understanding of the phytoplankton-zooplankton relationship in the Salish Sea, focusing 
specifically on trophic pathways among these lower trophic levels. An understanding of these 
trophic pathways is essential to a mechanistic understanding of zooplankton response to changing 
ocean conditions, and the processes that drive salmon early marine survival.   

-Fund a new Cowichan River Predation study, to identify predators within the Cowichan River 
basin (birds, mammals, & fishes) that may be responsible for the high level of in-river mortality of 
Cowichan Chinook.  The release of Chinook from the Cowichan Hatchery will be modified to three 
release dates at different flows rates to provide analytic contrast with flow and estimated survival.   

-Fund two new acoustic tagging programs with Kintama, UVic, DFO.  

a)  acoustic tagging study of Cowichan Chinook rearing in the Gulf Islands (Sept. through 
October, 2017).    
b) A Study to Measure Fine-scale Movements and Residency of Free-Ranging Salmon 
Smolts near Okisollo Channel Salmon Farms. 

 



PSC 2017 Final Report (Jan 2017-Dec 2017)           Salish Sea Marine Survival Project 2017 

9 

 Finalised the “SSMSP 2016 Summary & 2017 Program Overview” and “SSMSP Decision 
Backgrounder for PSF Oversight Committee 2017” reports for the PSF Oversight committee. 
Meetings with PSF Oversight committee and PSF Directors to discuss the 2017 program. 

 Established workgroups, assigned a leader for each group, and held a number of smaller SSMSP 
workgroup meetings throughout 2017. 

 Organized and held the 2017 Citizen Science Symposium and the 2017 Canadian SSMSP poster 
session November 27 2017 

 Continued collaborations with other parties such as DFO, Hakai, UBC, Ocean Networks Canada 
etc. 

 Continued development of the Strait of Georgia Data Centre, including metadata creation for 
existing data portals providing ecosystem information in the Strait of Georgia and collation of US-
Canada ecosystem indicators. 

 Collated information from all project leads on 1) data sets collected by their program, 2) current 
collaborations with other PIs (Canadian and US), 3) publications (current or potential). 

 Collated mid-year and final-year reports from all PIS. Year end reports for 2017 will be collated 
into a 2017 Overview document for the SSMSP website as well as the 2017 Year End report for 
PSC. 

United States - LLTK 
 Facilitated numerous Coordinating Committee, Technical Team, Workgroup and Task Team 

meetings.  

 Executed several new sub-awards and maintained existing contracts (see research status and 
findings section). 

 Updated protocols for zooplankton sampling, and held implementation meetings to ensure all 
collaborators were coordinated for 2017. 

A3. Communications- United States and Canada 
The following are the communications activities that have been completed over the reporting period. 
They are reported jointly given the significant overlap and coordination. 

 PSF presented the project at their various fundraising dinners throughout B.C. and SSMSP was 
highlighted in the Vancouver Gala video to 650 members of Vancouver business community.  
SSMSP was also highlighted at PSF’s spring Major Donors Circle, and at various boat and fishing 
tradeshows across BC where PSF attended.  Signage and awareness outreach at PSF fundraising 
derbies includes the Galiano Salmon Classic, Saanich Inlet Salmon Challenge. Port Sidney Marina 
Salmon Tournament was in early June 2017. 

 SSMSP Progress Report for donors was distributed in the fall of 2017. 

 PSF’s Citizen Science program was highlighted in the UBC Thunderbird newspaper: 
https://thethunderbird.ca/2017/11/20/citizen-scientists-collect-data-and-rich-experiences-in-
unique-ocean-project/  

 SSMSP was highlighted in Vancouver Sun op-ed: http://vancouversun.com/opinion/op-
ed/opinion-protecting-the-iconic-salmon 

 PSF highlighted SSMSP in the 2017 Salmon Steward annual magazine, distribution of 45,000, 
President's Message provides an update on the Project (p. 12 - 14): 
http://digital.canadawide.com/i/819180-spring-2017 
 

 Updates to SSMSP were also highlighted in the year end Salmon Steward. This magazine has a 
distribution of 10,000 including PSF donors, BC Outdoors subscribers, Outdoor Canada 
subscribers, BC MLA's, and BC MP's. 
 

 PSF provided blog coverage of various SSMP projects on the psf.ca blog with enhanced 
distribution via Twitter, Instagram and Facebook. There were 5 blog posts on sportfishingbc.com 
on key findings from SSMSP created in conjunction with the year end appeal fundraising efforts 
 

 6 short videos on key findings from SSMSP were distributed via social media to aid year end 
fundraising efforts for SSMSP 

 
 Podcast with Long Live the Kings, hosted by Geoff Heith with Haleus Outdoors. 
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 LLTK created Survive the Sound with the help of Vulcan Inc. staff: a new outreach and fundraising 
campaign grounded in an interactive web app where people can sponsor a juvenile steelhead and 
see if it survives its trek through Puget Sound (based upon acoustic telemetry data). 1,100 fish 
were sponsored in our pilot year, and we are targeting 6,000 sponsorships for 2018.  

 The Puget Sound Institute’s Currents web magazine had 4 articles on research affiliated with the 
Salish Sea Marine Survival Project, including a report on our session at the Salish Sea Ecosystem 
Conference, contaminants in Chinook, predation on Chinook, and the use of acoustic telemetry 
to assess steelhead survival 

 The Kitsap Sun covered the interface between predators and Chinook declines  

 KUOW covered the Nisqually Tribe’s work to understand linkages between zooplankton and 
salmon survival, and what EPA budget cuts would mean for the future of this work. 

 Seafood Source covered the Salish Sea Marine Survival Project and salmon recovery as a whole, 
and what EPA budget cuts would mean.  

 Geekwire and the Washington Policy Center both wrote about Survive the Sound, and King 5 did 
a story. 

 We also reached over 50 smaller local news outlets via our release via PRWeb; however, several 
of those were unintentionally out of state. The reach was over 80,000. 

 Also, Duke Moscrip of Duke’s Chowder House, a partner of LLTK, discussed his support of the 
Project and LLTK on King 5 ‘New Day Northwest’ show. Duke also released a paid at around the 
same date in Seattle Times, titled “Seafood sleuths study mystery of Pacific Northwest salmon 
decline”.  

 LLTK and NOAA were covered in a widely distributed public radio piece about our recent grant 
from Microsoft to leverage their Azure platform for our Atlantis ecosystem model. 

 One of our partners received news coverage in the San Juans regarding a Project study to 
determine what makes some Chinook stay in Puget Sound vs leave to the ocean. 

 Over the year we’ve posted relevant material on Facebook and Twitter over 90 times, with reach 
of over 175,000 people.  

 PSF and LLTK updated the project website, www.marinesurvivalproject.com 

 LLTK and PSF updated fundraising media, including flyers, appeals, and 2-page project 
descriptions. 

 A Facebook page for the Harmful Algal Program: “Phytoplankton - Citizen Science Program” is 
regularly updated 

 PSF presented the SSMSP at the many meetings over 2017, including the following: Avid Anglers 
2017 AGM; the 2017 SEP Community Workshop; PSF Community Town Hall meetings; Burrard 
Inlet Science Symposium 2.0; SEP Community Involvement and Resource Restoration Program; 
West Vancouver Coho Festival; DFO Hatchery Managers meeting; Presentation on SSHI and how 
it is integrated with the overall SSMSP to the Science Advisory Committee (established by Genome 
BC to oversee the SSHI); Invited lecture at UBC, ‘Our changing roles in science’; Central Westcoast 
Forest Society Summer Series etc. 

 LLTK presented the status of the project to several fishing groups and was a keynote speaker at 
the Baker to Bay Symposium in Bellingham. 

 Canadian Project PIS have made presentations at numerous meetings including: State of the 
Ocean Meeting, Nanaimo, March 2017; the WA-BC AFS Symposium on Transboundary 
Collaborations; Canadian Remote Sensing Symposium: Earth Observation Summit 2017, 
Montreal, Quebec, 2017; International Ocean Colour Science Meeting, 2017: Lisbon, Portugal, 
May, 2017; 2017 NetCOLOR Meeting: Dartmouth, Nova Scotia, February 2017; Fifth Annual 
Canadian StaUsUcs Student Conference, Winnipeg, 2017; Ocean Science Meeting, 2017; Fisheries 
and Oceans Canada Gulf Region Seminar Series May 2017; SSMSP poster session, Nanaimo, 
December 2017; Port Authority Environmental Stewardship Committee meeting, Prince Rupert, 
Oct 2017; Ocean Innovation 2017 and Ocean Protection Plan workshop, St. John’s,  
Newfoundland, Oct 2017; DFO & Transport Canada Ocean Protection Plan Coordination Meeting 
& Workshop, Prince Rupert, Nov 2017; ArcticNet Annual Science Meeting, Quebec, Dec 2017; 
2017 AGU – Fall Meeting, New Orleans, Dec 2017; the PICES/ICES International Symposium on the 
Drivers of Dynamics of Small Pelagic Fish Resources, Victoria, BC, March 2017; Sport Fishing 
Advisory Board, April 2017, Nanaimo, BC.; Incorporating an Ecosystem Approach into Science 
Advice for Fisheries Workshop, Halifax, April 2017; UBC Marine Mammal Symposium, Fall 2017; 
UBC Marine Mammal Symposium; Marine Biotoxin Workshop, BC center for Disease Control 
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BCCDC; 11th annual Pacific Salmon Ecology and Conservation Laboratory symposium. Vancouver, 
B.C., Feb 2017; Pacific Ecology and Evolution Conference. Bamfield, B.C., Feb 2017; Salmon Ocean 
Ecology Meeting. Seattle, WA, Mar 2017. There are many others, but this is just a sample of the 
very many presentations that have been carried out. 

 Canadian PIs have created metadata and their data are being collated and are openly available on 
the Strait of Georgia Data centre. Eelgrass information has been posted on the websites of Nile 
Creek Enhancement Society, Project Watershed, and the SSMSP’s BaseCamp site.  

 US PIs presented at the Salmon Ocean Ecology Meeting, Washington Salmon Recovery 
Conference, Coastal and Estuarine Research Federation Conference, and many other conferences. 

 PSF’s major Donor reception is planned for early 2018. Town Hall community meetings are 
scheduled for summer-fall 2018. 

 PSF and LLTK continue to moderate the various BaseCamp sites, including a communications 
resources site for project participants to help them communicate about the project (includes stock 
presentations, photos, video, language/messaging resources, etc.). 

 
Budget Category = “COMMUNICATIONS” on both the PSF and LLTK budgets provided below. For PSF, this 
includes payments to a number of communications contractors. For LLTK, this primarily includes payments 
to Natasha Dworkin. 
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B. Research Activity Implementation Status and Findings 

Below we report on the studies that have been funded directly (either wholly or in part) by PSC funds in 
2017. A brief overview of each of these studies is also provided in the Research Activities section of the 
marinesurvivalproject.com web site. 

Hypotheses 
As a reminder: The primary hypotheses associated with this effort are, in order of significance: 

1. Bottom-up processes—including weather, water, and plankton—that drive juvenile Chinook, 
coho and forage fish prey availability have changed, and salmon aren’t able to compensate. This 
is limiting salmon growth and survival.  

2. Top-down processes have also changed. Primarily, there are more predators eating steelhead, 
resident salmon and larger forage fish.  

3. Additional factors are exacerbating these ecological shifts, including toxics, disease, competition, 
and the cumulative effect of significant top-down and bottom-up shifts occurring simultaneously. 

The research will result in action-oriented management recommendations. We will build out from these 
hypotheses to determine whether the causes of weak Chinook, coho and steelhead survival are locally 
(e.g., runoff, wastewater, marine mammal management, habitat availability, hatchery production) or 
globally driven (climate change, ocean acidification, ocean cycles). Local impacts will result in 
recommendations to improve the Salish Sea ecosystem, whereas globally driven impacts will result in 
recommendations to adapt to our changing environment. 
 
Operational hypotheses have also been established on both sides of the border. These operational 
hypotheses better define each concept being tested, providing greater detail than the general framework 
of the primary hypotheses listed in this report. These operational hypotheses provide specific guidance 
for Project research activities. See Appendix 1.  

Research Categories 
Three categories have been established that organize and define the U.S. and Canadian research:11  
1. Bottom-Up Sampling Program and Individual Studies  
2. Top-Down Studies 
3. Trend Analyses and Modeling 

Current Approach 
Work in Puget Sound and the Strait of Georgia is building out from specific watersheds into the marine 
environment. In Puget Sound a broad, bottom-up focused program is underway, utilizing the Nisqually, 
Snohomish, Skagit and Nooksack watersheds. In the Strait of Georgia, work initially focused on the 
Cowichan watershed as a pilot during 2014, with a more comprehensive approach: focusing on both top-
down and bottom-up factors that may be affecting survival. This program was expanded during January 
2015 when the full Canadian program was implemented.  
 
Research alignment throughout the Salish Sea is occurring by focusing on similar operational hypotheses 
and aligning specific sampling approaches: especially, with bottom-up sampling (salmon/ zooplankton/ 
physical), where protocol have been shared and reviewed by participants on each side of the border, 
specific samples are being taken consistently, etc. Alignment will continue to evolve through the 
development of a common suite of ecosystem and salmon metrics, a cohesive modeling approach, and a 
cohesive data management approach. 
 
The U.S. is utilizing the capacity of their large co-management structure combined with academic and 
federal Principal Investigators to man the salmon and zooplankton sampling activities, and the existing 
buoy and water quality sampling network managed by the University of Washington and Department of 
Ecology to capture the physical properties of Puget Sound.  
 
For the Canadian side, this is the third and final year of the complete sampling program. They are also 
working with academic and federal Principal Investigators for the sampling program and utilize them and 
others for salmon sampling. The Canadians are also continuing their community-based, citizen science 
sampling program, utilizing volunteers to water quality and zooplankton data throughout the Strait of 
Georgia.  

                                                 
11 This represents a general framework. The effects of some factors, and affiliated research activities, do overlap 
categories.  
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B1. Bottom-Up Sampling Program and Individual Studies 
Bottom-up processes—including weather, water, and plankton—drive what is available for juvenile 
salmon and steelhead to eat. Bottom-up research activities fall into two categories: 

 A Salish Sea-wide sampling program examines the condition of salmon and steelhead as they 
outmigrate while simultaneously evaluating the physical and biological (plankton) 
characteristics of the Salish Sea: the cornerstone of the marine ecosystem. This includes 
identifying critical growth periods for salmon and understanding the primary factors affecting 
growth during those periods.  

 Individual bottom-up studies build on this sampling framework: to hone our understanding 
of salmon growth, the relationship between salmon and their prey, and ultimately build out 
from the fish and their prey to the factors driving prey availability, such as temperature, 
habitat availability, ocean acidification, runoff, and wastewater.  

The sampling program builds out from specific watersheds within the Strait of Georgia and Puget Sound. 
In the Strait of Georgia, the key watersheds of interest are the Cowichan, Puntledge, Fraser, and Big 
Qualicum Rivers. Several of the key Canadian programs have been designed to augment a backbone of 
oceanographic and biological sampling activities carried out by DFO each year in the Strait of Georgia.  
 
 
B1.1 Physical characteristics and phytoplankton production- Canada 
To collect data on the physical characteristics and primary production in the Strait of Georgia, a combined 
approach has been implemented, utilizing buoys, CTD casts from the Canadian “Citizen Science Program” 
and zooplankton sampling program, CTD casts from Canadian juvenile salmon sampling efforts, remote 
sensing methods, and data collected from ongoing monitoring efforts led by project partners (e.g., 
Canada’s FerryBox and FOCOS-BC Ferries program). Similar variables are collected at most sites, with 
continuous information collected from buoys in a few key areas, together with time-specific information 
relevant to biological sampling events. Given that the physical monitoring approaches are distributed, 
with sampling inconsistently distributed in space and time, circulation models will be used to help expand 
the data and describe physical characteristics Salish Sea wide.  

Citizen Science Program 
Team: Rich Pawlowicz (UBC), Terry Curran (PSF), Mike Dempsey (DFO-IOS), Eddy Carmack (DFO-IOS), Jane 
Eert (DFO-IOS), Svein Vagle (DFO-IOS), Ryan Flagg (UVic), Marlene Jeffries (UVic), Benoît Pirenne (UVic),  
Jessica Stigant (UVic), Maia Hoeberechts (UVic), Adrian Round (UVic), Kelly Young (DFO-IOS), Linda White 
(DFO-IOS), Colin Novak (PSF), Svetlana Esenkulova (PSF) and the many citizen scientists around the Strait 
of Georgia. 
Budget Category = “BIOLOGICAL OCEANOGRAPHY” number 1 on the PSF budget provided below. Includes 
stipends to citizen scientists, for monies to ONC for engineering and data support, and app development.  

Objective: 
To allow for oceanographic sampling and monitoring in the Strait of Georgia at a spatial scale not possible 
before. 
 
Background: 
This program was originally proposed by Dr. Eddy Carmack, retired scientist from the Institute of Ocean 
Sciences, Sidney. His concept was the creation of a “mosquito fleet” which would utilize fishing vessels to 
collect oceanographic data during the spring and neap tides at specific locations in coastal waters of the 
Strait of Georgia.  These retirees or interested persons would take on a role as citizen scientists, collecting 
information in different areas of the Strait on the same days each week over a period of months, such 
that the entire Strait could be fully sampled, providing data at a spatial and temporal degree that has not 
been realized or possible before. PSF has partnered with DFO, and with Ocean Networks Canada (ONC) to 
assist with program management for the citizen science program. 
 
IOS scientists initially divided the Salish Sea into overlapping areas that they suggested could be covered 
by a small boat in one or two days of sampling effort. These include: 
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 Campbell River 
 Union Bay 
 Qualicum 
 Nanaimo 
 Cowichan Bay 
 Sooke 
 Lund 
 Irvine’s Landing 
 Sechelt 
 Steveston 
 
 
 
 
 
Having citizen scientists make oceanographic measurements in each of these areas, on the same day one 
to three times a month between February and October, allows for complete coverage of the Strait of 
Georgia. The data collected will allow us to assess annual variation in the physical/chemical oceanography 
in the entire Salish Sea and to estimate phytoplankton biomass. These data will be very useful to modeling 
initiatives, and for understanding spatial and temporal changes in productivity of the Strait.  
 
The work done on the vessels Elvis and Dr. Carmack’s vessel Wicklow in the Cowichan during 2013 and 
2014 served to test equipment and refine the methodology for this program.  

 The main workhorse for the oceanographic measurements is a CTD (Conductivity, Temperature, Depth) 
instrument which collects and stores electronic measurements of the water properties.  The 
instrument we are using, an RBR Concerto CTD measures these properties 6 times a second as it 
descends through the water column from surface to maximum depth.  Attached to the CTD are two 
auxiliary instruments: a fluorometer which measures chlorophyll content and an optode which 
measures oxygen content.  Fluorescence is an indicator of plankton productivity (algae growth), while 
oxygen is used both to trace the movement of water masses and to detect areas with low flush rates. 

 
 Along with the CTD profiles water samples are taken for nutrients dissolved in the seawater – these 

samples are analysed back in the lab.  Nutrients are used to identify water from certain sources (like 
rivers), to diagnose the limiting factors for growth of plankton and track the movement of water 
masses.   

 
 The third element is a small plankton net intended to capture zooplankton.  This net is lowered to a 

maximum of 150m and brought up at a specified speed to capture plankton.  A flowmeter in the mouth 
of the net will measure the volume of water that flowed through.  Once back on board, the net is 
washed down with filtered seawater and the zooplankton collected from the cod end and preserved 
in formalin.  Again these samples are returned to the lab for analysis of abundance and species found. 
Currently, zooplankton samples are collected from the Baynes Sound and Sechelt boats only. 

 
 The fourth element is the use of a secchi disk which is used to assess water turbidity. The data collected 

from this part of the project will also be included as part of an international program to collect secchi 
disk measurements. A recent study of global phytoplankton abundance over the last century concluded 
that global phytoplankton concentrations have declined due to rising sea surface temperatures as a 
consequence of current climate change and prompted the development of an international effort to 
examine this www.secchidisk.org. Each of the citizen scientists has been provided with a tablet, and 
will download the free Android 'Secchi' application which will allow them to contribute these 
measurements. 

 
 The fifth is the collection of water samples to identify phytoplankton, as part of the examination of the 

spatial and temporal prevalence of harmful algae throughout the Strait of Georgia. Water samples 
containing phytoplankton are analyzed back at the lab and examined for harmful algal blooms. 

 
Status: 
The program was begun in February 2015, with all vessel operators fully trained to carry out the program 
on the first “shakedown” cruises. During 2015, the program had vessels outfitted and actively sampling 
the Strait of Georgia from Campbell River, Deep Bay, Qualicum, Cowichan Bay, Victoria, Lund, Powell 
River, Sechelt and Steveston.  
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Ocean Networks Canada has provided a smart phone application for sample data transfer so that data can 
be transmitted directly to ONC, undergo QA/QC, archived and made freely available over the internet. For 
the first two months of the project, CTD data transfers from the instrument to the tablet and from tablet 
to ONC data centre created some problems, but initial issues were resolved by the ONC technical team. 
  
In 2016 some changes were made to the program: the Victoria vessel was not continued as this area 
showed little seasonal variation oceanographically; instead it was replaced by a new vessel sampling out 
of Galiano Island. During 2016 we also implemented sampling for ocean acidity measurements on the 
Baynes Sound and Powell River vessels. This work was carried out in partnership with Wiley Evans of the 
Hakai Institute. Janet Lam, student at UBC, examined the 2015 data and provided constructive feedback 
to ONC for improving the sensors and data processing. These suggestions have been implemented by 
ONC. Changes and modifications were made during 2016 to the app used on all vessels. PSF also supported 
a second summer student in Dr. Rich Pawlowicz’s lab at UBC during 2017 to analyse the 2016 CTD data. 
Another student will be hired January-March 2018 to continue work on the entire CTD data set. 
 
The complete tally of samples collected for 2015-2017 is as follows:  

Sampling 
Years 

Vessel 
Trips CTD casts  

Nutrients 
Collected 

Phytoplankton 
Collected 

Chlorophyll 
Collected 

Secchi 
Recordings 

Zooplankton 
Collected Total Samples 

2015 150 2,264 1,809 1,381 193 2,088 146 7,881 

2016 199 1,445 1,587 2,064 349 2,825 60 8,330 

2017 197 1,420 1,529 1,934 340 2,814 54 8,091 
                  

3 years 546 5,129 4,925 5,379 882 7,727 260 24,302 

 
For 2017 samples, the phytoplankton samples are 99% analyzed (by Svetlana Esenkulova, PSF), the 
zooplankton around 20% analyzed (at IOS), and the chlorophyll samples are fully analyzed (at IOS). The 
nutrient analysis is also completed. Data are currently being utilized by several of the other programs. All 
data are available from the Strait of Georgia Data Centre. 
 
Update from ONC: 
The ONC team remains very satisfied with how well the Community Fishers app has performed over the 
past three sampling seasons.  The 2017 season saw the implementation of some major updates to the 
app’s user interface and functionality. 
 
Investigations in to app/instrument/tablet performance in 2016 resulted in several risk/issue mitigation 
strategies that were carried forward in to the 2017 field season.  These included the purchase of spare 
tablets, standardization of tough tablet cases, provision of standardized instrument support hardware, 
distribution of spare battery sets for all instrument sets, review and distribution of app/data-transfer 
troubleshooting steps, and distribution of app update instructions. 

From a data management perspective, ONC personnel have gone beyond the typical level of effort 
required to ensure that all data is well managed and publicly available.  The first step in managing real-
time instrument data is to set up the database with all of the necessary instrument-specific information 
and metadata.  This allows the “raw” data to flow freely in to the database where it is made instantly 
available. ONC’s Data Stewardship team has continued to put in considerably more effort than was 
anticipated in order to respond to the sharing of instrument sets between assigned sites.  

The raw data that were transmitted by the Patrol members passed through several automated processes: 
application of calibration and/or derivation, application of automatic QA/QC tests (e.g. checking for 
surface data), and the application of quality control flags. Processing of data to generate “corrected” 
values involved both the automatic synchronization of sensor values and the manual review and 
adjustment of individual profiles.  The processes used to create this corrected data were originally (2015) 
developed in collaboration with DFO researchers from the Institute of Ocean Sciences and were later 
adjusted to match recommendations provided by Dr. Rich Pawlowicz.  The re-processing of already 
corrected data is now happening for the second time and is scheduled to be complete before 31 Dec 2017.  
The Data Specialist team has also continued to assist in the facilitation of more streamlined data access 
to users intending to either download the full data set or to retrieve regular ongoing sections as the data 
is transferred and processed.  This is achieved with user-specific software scripts, which does not rely on 
the typical Oceans 2.0 graphical user interface. 

Similar to 2015 and 2016, the project’s success at continuing to collect an unprecedented amount of high 
quality CTD+DO+Fl profile data for the Salish Sea is a demonstration that the Citizen Science concept is a 
viable alternative to other data collection techniques and the use of larger, more expensive research 
vessels.  The external review of the raw and processed data by Dr. Rich Pawlowicz and his students has 
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led to a greater interest in the data and the Citizen Science approach in general.  ONC looks forward to 
Dr. Pawlowicz’s interpretation of what the data can tell us about the conditions in which the Salmon (and 
the rest of the ecosystem) are inhabiting.  Dr. Maycira Costa has been working with ONC’s Dr. Akash Sastri 
to combine data from the top 5m of the water column with the data collected from ONC’s BC Ferries 
systems and to then be used to validate remotely sensed imagery data.  

 

Update from Hakai Institute: 
The Hakai Institute partnered with the Pacific Salmon Foundation (PSF) in 2017 to provide seawater 
measurements that track ocean acidification in the northern Strait of Georgia. The partnership began in 
2016 and is based on the PSF Citizen Science Program’s small vessel fleet that regularly deploys marine 
sensors and collects water samples along regular routes throughout the Strait. Water samples for ocean 
acidification measurements are collected by the Citizen Scientists at 7 locations and are analyzed at the 
Hakai Institute’s Quadra Island Field Station located in Hyacinthe Bay, Quadra Island (Figure below). 
            

  
 
Ocean acidification measurements produced from the PSF Citizen Science crews complement year-round 
high-resolution measurements made by sensors installed at fixed locations at Quadra Island, Sentry Shoal, 
and Baynes Sound. This sampling arrangement couples the large-scale context of water chemistry changes 
at the seasonal level with highly detailed measurements that provide deeper insight into the processes 
driving ocean acidification. Together, these efforts are providing new insight into the processes governing 
coastal ocean acidification, how those processes are connected across locations, and where the timing 
and location of sensitive conditions for marine species may exist within the Strait. 
 
First, measurements from the northern Strait of Georgia demonstrated coherent seasonal transitions 
from late summer 2016 to mid fall of 2017 across both the mainland and Vancouver Island sides of the 
Strait.  Furthermore, most locations showed seasonally coherent carbonate chemistry that was also 
consistent with that determined from carbonate system sensors located at Sentry Shoal and Quadra 
Island. This consistency supports the value of such higher-resolution fixed sensor installations by 
demonstrating their applicability to the northern Strait region in general.  
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Secondly, these measurements provided the ability to construct a spatially resolved time series over the 
northern Strait of Georgia of the saturation state of carbonate minerals, which is an important water 
quality parameter for many marine shell-forming organisms. Locations where the saturation state values 
differed from those elsewhere in the region may indicate ‘hotspot’ locations of, or refugia from, low-pH 
seawater conditions that arise from both natural and climate change-associated processes and are 
typically adverse to marine shell forming organisms. 
 
Lastly, the seasonal structure of the upper water column at each sampling location demonstrates a 
divergence in saturation state between surface and 20 m depths, reflecting a difference in the shell-
forming conditions in these two environments. Both depths demonstrated similarly poor shell-forming 
conditions in early spring and late fall and good conditions during spring and early summer. However, 
conditions were much better in surface water and lasted much longer than those at 20 m depth during 
the spring and summer. For instance, while shell-forming conditions declined from good spring conditions 
to neutral (no tendency of carbonate minerals to precipitate or to form) in most locations by early July in 
water at 20 m, this decline was not observed until October in surface water. 

Remote Sensing 
Team: Dr. Maycira Costa, University of Victoria (UVic), Dr. Akash Sastri, Staff Scientist, Plankton Dynamics 
& Biogeochemistry Ocean Networks Canada , Dr. Lyse Godbout, DFO/PBS, Justin Dell Beluz, contractor, 
UVic, Tyson Carswell, contractor, UVic. 
Budget Category = “BIOLOGICAL OCEANOGRAPHY” number 2 on the PSF budget provided below. 

Objective: 
The goal of this project is to determine the spatial-temporal dynamics of Salish Sea in the last fifteen years 
using remote sensing and data acquired from vessels of opportunities to test hypotheses on spatial and 
time domain fluctuations in the phytoplankton bloom phenology (timing, duration, and amplitude) and 
water turbidity and environmental physical drivers.  
 
Objective: 
The goal of this project is to determine the spatial-temporal dynamics of Salish Sea in the last fifteen years 
using remote sensing and data acquired from vessels of opportunities to test hypotheses on spatial and 
time domain fluctuations in the phytoplankton bloom phenology (timing, duration, and amplitude) and 
water turbidity and environmental physical drivers.  
 
Background: 
SSMSP is utilizing a number of different approaches to examine bottom-up processes, including those that 
provide information at various time and spatial scales. Satellites, radiometers, and other optical sensors 
aboard of vessels of opportunity and buoys can allow for continuous and sustained data collection. 
Operational ocean colour satellites such as MODIS-Aqua and the upcoming Sentinel-3 provide a great 
opportunity for continuous data acquisition at high temporal resolution, and provide the data required 
for a long-term monitoring program in the Salish Sea. The spatial and interannual variability of the surface 
chlorophyll conditions in the Salish Sea can be used as an indicator of primary productivity, and therefore 
to assess the impact of bottom-up forcing on Chinook and Coho populations. Data derived from satellite 
remote sensing offer an unparalleled tool for synoptic biomass sampling associated with high sampling 
frequencies. 
  
Maycira Costa is addressing specific knowledge gaps in spatial-temporal biogeochemistry of the Salish Sea 
by using synergistic methods that include (i) ocean colour satellite imagery, (ii) sensors aboard vessels of 
opportunity (FerryBox and FOCOS-BC Ferries), (iii) in situ data from research cruises, and (iv) in situ data 
collected from citizen science boats. A fifteen year remote sensing data set will allow them to analyze the 
spatial-temporal phytoplankton bloom phenology of the Salish Sea in relationship to environmental time 
series data (SST, Fraser discharge, turbidity, wind, light availability) and global climate indices.  
 
This project will allow the researchers to contribute to one of the primary objectives of the Salish Sea 
Marine Survival Project (SSMSP), which is to determine if the “bottom-up processes driven by annual 
environmental conditions are the primary determinate of salmon production via early marine survival”. 
The proposal will also contribute to the “trend analysis and modeling” component of the SSMS project by 
providing spatial temporal data that can be used to initiate and/or provide parameterization for the 
models.  
 
This project was initiated Fall 2015 and time-series imagery analysis is ongoing.  An NSERC USRA student 
is working on the data-integration component of the project. Data has been compiled from a number of 
different sources, and Costa et al are defining a method to evaluate and pre-define spatial-temporal 
biogeochemical provinces in the Salish Sea.   
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The data being analysed include spatial temporal Chla data from (1) ONC ferrybox systems aboard the BC 
Ferries, (2) the Institute of Ocean Sciences (IOS) public database, (3) Dr. Ian Perry data collected every two 
weeks as part of the PSF project, (4) Citizen Science Project (boats) data collected in 2015 and 2016, (5) 
Svetlana Esenkulova microscopy data Feb-Oct biweekly, ~1300 samples for 2015 and daily 2016, (6) buoy 
data acquired by Stephanie King.  
 
A post-doc, Dr. Suchy, in collaboration with Costa and Perry is focussing on investigating the level of 
synchronicity between phytoplankton and zooplankton phenology in the Salish Sea. Time-series data for 
phytoplankton from satellite imagery, buoy data, ferry data, citizen science data, and research cruise data 
will be coupled with historical and present zooplankton data. By looking at long-term spatial data of 
phytoplankton and zooplankton, they can identify their response to different climate drivers (e.g. SST, 
wind). Ultimately, changes in the seasonal patterns of these lower trophic levels will provide insight into 
their influence on the growth, survival, and overall return strength of salmon populations in the region. 
This work began July 2016 after the approval by MITACS. 
 
Status: 
Results Summary 

 Empirical orthogonal function temporal method was applied to the chlorophyll derived products, 
SST, and PAR for better spatial representation of the data. In situ data from ferries, citizen science 
and IOS database were used in this analysis. 

 Spatiotemporal chlorophyll climatology from 2003-2016 was constructed to determine 
interannual differences in the timing of the spring bloom, bloom duration, and seasonal anomalies 
in the Northern and Central regions of the Salish Sea (SS). Temporally, the annual median 
chlorophyll concentration +5% was used as a threshold to define the spring bloom initiation date 
in each region. Spatially, the proportion of the region(s) above this threshold, and thus the 
proportion of the SS under ‘bloom conditions’ per week (and season) was calculated (Figures 1 
and 2). Results show chlorophyll a was anomalously high in spring 2005 and 2015. Anomalously 
high chlorophyll a concentrations (>20 mg m-3) were also observed in autumn 2008 in the Central 
region, which is about twice as high as the maximum values typically observed in autumn 
throughout our time series (Fig. 3). 

 Time-series and anomaly data from 2003-2016 were derived for each environmental driver. 
Included in the analyses were: satellite-derived SST and PAR products, river input (with a focus on 
Fraser River discharge), wind speed (with a focus on Sandheads station), and CTD data. Strong 
positive anomalies in Fraser River discharge, coupled with strong negative wind anomalies, 
occurred in spring 2005 and 2015 (Fig. 4-5).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Satellite-derived spring bloom start dates for the Northern and Central regions from 2003-2016 
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Fig. 2 Proportion of weeks spent under ‘bloom conditions’ each season in the SoG for 2014 (top), 2015 (middle), and 
2016 (bottom). 
 
 
 

 
 
Fig. 3 Weekly median chlorophyll a anomalies for the Central SoG from 2003-2016. 
 
 
 

 
 
Fig. 4 Weekly mean Fraser River discharge anomalies at Hope from 2003-2016.  
 
 
 
 
 



PSC 2017 Final Report (Jan 2017-Dec 2017)           Salish Sea Marine Survival Project 2017 

20 

 
 
Fig. 5 Weekly mean wind speed anomalies at Sandheads station from 2003-2016. 
 

Outcomes 

 This project addresses bottom-up processes that will contribute to the understanding of the role 
of the marine environment on the survival of salmon in the Salish Sea. They present their 
preliminary analysis on the dynamics of the environmental variables and relationship with the 
base of the food web in the SS. 

 Results show chlorophyll a was anomalously high in spring 2005 and 2015. Anomalously high 
chlorophyll a concentrations (>20 mg m-3) were also observed in autumn 2008 in the Central 
region, which is about twice as high as the maximum values typically observed in autumn 
throughout their time series. These results were further confirmed by spatial analyses, which 
showed that bloom conditions persisted throughout September and October 2008 in the Central 
region. 

 Results from the environmental drivers show positive SST anomalies predominated between 
2003-2006 and 2013-2016 with the highest anomalies occurring in spring 2015. Strong positive 
anomalies in Fraser River discharge, coupled with strong negative wind anomalies, occurred in 
spring 2005 and 2015. CTD data were also used to calculate a stratification parameter, defined as 
the difference in density between the surface (average for the top 10 m) and 50 m. A higher 
stratification parameter is indicative of a more stratified water column. Results show that 
stratification was highest in Spring 2015 compared to the other years. 

 Statistical analyses indicate that chlorophyll a in the Northern SS is most highly correlated with 
SST and PAR, whereas chlorophyll a in the Central SS is most highly correlated with Fraser River 
discharge.  Similar analyses carried out on the anomaly data revealed that chlorophyll a anomalies 
in both the Northern and Central SS were highly correlated with SST and PAR anomalies.  

Lessons Learned 
 

 Integration of data and knowledge for different projects are key toward addressing the 
overarching objectives of the Salish Sea Marine Survival Project. With this in mind, Dr. Karyn Suchy 
is playing a key role on the deliverables of this project, and integration of information from other 
PSF/SSMSP projects. Karyn will continue to work on this project through to fall 2019. 

 The different spatial and temporal scales of data acquisition from the different sources adds 
complexity on the analysis. 

 

Sediment Traps 
Team: Sophia Johannessen Research Scientist, DFO Institute of Ocean Sciences, Richard Thomson Research 
Scientist, DFO Institute of Ocean Sciences, Robie Macdonald Research Scientist Emeritus, DFO Institute of 
Ocean Sciences, Louis Hobson Professor Emeritus, University of Victoria, Marc Trudel Research Scientist, 
DFO, Pacific Biological Station 
Budget Category = “BIOLOGICAL OCEANOGRAPHY” number 3 on the PSF budget provided below.  

Objective: 
The ultimate aim of this project is to relate juvenile fish health and survival to the timing and extent of 
blooms and ultimately to the physical forcing that drives the productivity. 
 
Background: 
The survival of juvenile salmon during their first year in marine waters may be strongly affected by the 
quality, quantity and timing of food available in the Strait of Georgia.  Sophie Johannessen’s team wish to 
develop an indicator that links physical conditions (stratification, circulation, winds) with the timing and 
magnitude of phytoplankton blooms, the response by zooplankton, and the health of juvenile salmon.  
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Past data have been collected from sediment traps placed on a mooring in the northern Strait of Georgia, 
providing a continuous record of sinking particles. This project will analyze four years of existing 
geochemical samples and data from the northern Strait to assist in the development of a quantitative 
description of the relationship between timing and relative magnitude of phytoplankton and zooplankton 
blooms, as compared with marine survival of juvenile fish during the same period.   
 
If successful, the number of moorings, and associated sensors, may be increased in the future, and studies 
will be developed to also relate ocean circulation and stratification and associated meteorological 
conditions (winds and cloud cover) with the timing and extent of blooms. The ultimate aim of this project 
is to relate juvenile fish health and survival to the timing and extent of blooms and ultimately to the 
physical forcing that drives the productivity. 
 
Status: 

Results Summary: 
This study is still in progress. It is leveraged against DFO research dating back to 2008, but the portion of 
the project funded by SSMSP only began last year. By the end of the fiscal year, they will have a time series 
of phytoplankton and relative zooplankton biomass (inferred from fecal pellets) in the northern Strait of 
Georgia for 2008 – 2016 and the same in the southern Strait of Georgia for 2008-2012. These biological 
time series will be combined with their existing time series of the chemical composition of sinking organic 
matter at the two sites.  From these data they will assess the timing and quality of food for zooplankton 
and hence for juvenile salmon.  They will compare the sediment trap record of food availability with 
indicators of juvenile salmon health as reported by the salmon group at the Pacific Biological Station and 
St. Andrew’s Research Station (Chrys Neville, Marc Trudel). 

Outcomes:  

 This project addresses the key objective of identifying the most significant factors affecting the 
early marine survival of salmon in the Salish Sea, by constructing a record of food availability that 
can be compared with indicators of juvenile salmon health. It addresses the hypothesis of 
“bottom-up” control.  

 They are on track to meet the objectives of the study.  They will probably need a small amount of 
funding next fiscal year for publication costs, and possibly an additional amount to complete any 
outstanding taxonomic work that could not be completed this year. 

Lessons Learned: 

 If they find a strong link between the timing of available food and the health of the outmigrating 
juvenile salmon, that will indicate a strong bottom-up control on survival.  If timing turns out to 
be critical, then a possible next step would be to change the timing of the release of hatchery-
raised smolts. Smolts could be released at staggered times, with tags linked to release date, so 
that the survival rate of smolts released at different times could be assessed. 

 If this study shows a weak link with the health of juvenile salmon, or if the link seems to be present 
in some years but not in others, that result would support the hypothesis that, since the main 
population decline in the 1970s, the number of coho and chinook salmon has been so low that 
the fish are vulnerable to every stressor.  Preliminary results from other projects (contaminants 
in one river, a floating bridge in another, seals in another) already support this hypothesis.  If that 
is the case, then a possible management response would be to reduce all the stressors within local 
control (low river discharge during outmigration or return, contaminant discharge into rivers, 
habitat destruction, fishing, releasing juveniles from hatcheries too early to catch the main 
biomass peak of zooplankton). This would give the fish a better chance to be resilient to long-term 
climate change and to recover from the rapid decline in the 1970s.  

This activity will be associated with juvenile salmon studies, once their time series is complete. The other 
collaborators (Chrys Neville, Marc Trudel) are still willing to carry out the collaborative work.  They intend 
to pursue a side collaboration with fisheries and zooplankton researchers to determine whether 
amphipods associated with jellyfish might provide food for juvenile salmon and explain some of the 
variability in their survival (idea proposed by Dick Beamish). 
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High temporal resolution monitoring of surface water properties in the Salish Sea 
Team: Stephanie King, Managing Director, Sea This Consulting, Jim Gower, DFO, Terence Learmonth, Sea-
going technician, Sea This Consulting 
Budget Category = “BIOLOGICAL OCEANOGRAPHY” number 4 on the PSF budget provided below.  

Objective: 
To provide data that can be used by ecosystem scientists and modelers to describe bottom-up processes 
impacting juvenile salmon. 
 
Background: 
Phytoplankton bloom timing and concentration is a major driver of the marine ecosystem and potentially 
one of the keys to understanding the growth and survival of juvenile salmon in the Salish Sea.  High 
temporal resolution time series are required to adequately characterize phytoplankton variability and 
explain how blooms impact food availability for salmon.   
 
King and her team will continuously monitor phytoplankton for two years (2015-2016) using fluorometers 
deployed at three locations in the Salish Sea. Sampling locations are at three locations as shown in Error! 
Reference source not found. and will provide data in the relatively data-poor central and northern parts 
of the Strait of Georgia (Halibut Bank, Sentry Shoal), as well as at the mouth of a coastal inlet (Egmont). 
Two additional sensors have been deployed on the Sentry Shoal Buoy: SBE-37 MicroCAT, a temperature 
and conductivity sensor and the Satlantic SUNA V2, an optical nitrate sensor.  Both have been deployed 
at the surface to provide a continuous time series of temperature, salinity and nitrate from April 2015.   
 
The fluorescence time series builds on data collected as part of the Fisheries and Ocean’s Strait of Georgia 
Ecosystem Research Initiative (ERI) during which fluorometers were deployed at Halibut Bank and 
Egmont.  The buoy monitoring program supports testing several of the SSMSP key hypotheses relating to 
prey availability, productivity and the health of the ecosystem.  The high temporal resolution dataset is 
complementary to the periodic sampling done by SSMSP Citizen Science monitoring and DFO surveys. 
 

 
 
Figure 1. The three sampling sites for chlorophyll fluorescence time 
series in the Salish Sea.   

 
 
 
 
 
 

 
Status:  
Results Summary: 
Oceanographic sensors were deployed and maintained at Halibut Bank and Sentry Shoal, and in the spring 
at Egmont for all three years (2015-2017) of the SSMSP program.  Key results from the monitoring program 
include:  
1. The chlorophyll fluorescence data can be used to describe the timing and magnitude of phytoplankton 

biomass in the northern and central Strait.  In situ measurements and satellite data agree and are 
summarized in table 1 and as follows:  

a.  2015 was an unusual year with a very early spring bloom that started in the north first.  There 
was higher biomass in the spring and lower biomass through the summer. 

b. The spring bloom in 2016 was average in terms of biomass and timing.  
c. The start of the spring bloom in 2017 was early in the central Strait and a late in the north.  

Biomass was similar to 2016.  
 
 
 
 
 
 
 
 
 
 
 

Table 1. Spring bloom start dates determined 
from the buoy chlorophyll fluorescence data 
and satellite imagery. 
 Northern Strait Central Strait 
2015 Feb 18-25 Feb 18-25* 
2016 Mar 29-Apr 6 Mar 13-20 
2017 Apr 16** Mar 2-8** 
* Mar 7 at Halibut Bank buoy 

** based on buoy measurement only 
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2. There is a correlation between seeding from inlets and an early spring bloom.  
3. The spring bloom in the central Strait is 5 days earlier on average compared to in the north.  In 2017 

bloom in the north was later by more than a month.  
4. The SUNA nitrate sensor is a new instrument for monitoring nitrate concentration autonomously and 

has provided the first high temporal resolution record of nitrate in the Strait.  Nitrate is an important 
factor in informing phytoplankton bloom timing.   

 
Outcomes:  
The buoy monitoring program measured physical, chemical and biological surface properties in the Salish 
Sea and will give insight into prey availability for salmon as well as describe primary productivity and 
health of the ecosystem.  High temporal resolution time series were collected for chlorophyll 
fluorescence, turbidity, temperature, salinity and nitrate.  
 
All objectives of the monitoring project were met.  At Halibut Bank, time series for chlorophyll 
fluorescence, turbidity and temperature have been maintained since January 2011 (Figure 1).  At Sentry 
Shoal, chlorophyll fluorescence, turbidity, salinity, nitrate and temperature have been measured since 
2015 (Figure 3).  The nitrate and salinity time series were maintained by Sea This Consulting in 2015 and 
2016, and by the Hakai Institute in 2017.  Hakai also deployed a SeaFET pH sensor at Sentry Shoal in 2017.  
At Egmont, chlorophyll fluorescence has been monitored in the spring each year since 2010 for the 
purpose of monitoring potential seeding from inlets (Figure 3).   

 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 

 

Figure 1. Surface chlorophyll 
fluorescence at Halibut Bank from 
2011 (top) to 2017 (bottom).  In 2013 
and 2015 there was an early start to 
the spring bloom.  Chlorophyll 
concentrations in spring 2015 were the 
highest in the spring compared to other 
years and also compared to the rest of 
2015. In 2016 the spring bloom timing 
was average, but low in magnitude.  In 
2017 the there was a very slow start to 
the spring bloom.   
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Lessons Learned: 
Autonomous deployments are an effective method for monitoring surface conditions in the Strait.  Fouling 
was a problem in 2015 but was mitigated in 2016 and 2017 with anti-fouling measures such as copper and 
shorter deployments during periods of high growth.   

 
High resolution measurements are needed to accurately characterize the ephemeral nature of conditions 
in the Strait.  Furthermore, adding the northern monitoring site at Sentry Shoal in 2015 has demonstrated 
variability between different areas of the Strait.  The time series at Halibut Bank and Egmont are now over 
7 years in length and can be used to explain interannual variability that may be linked to juvenile salmon 
survival.  For example, observations such as the very late spring bloom in 2011 or the relatively low 
biomass in 2016 and 2017 may indicate unfavorable conditions for juvenile salmon entering the Strait in 
those years. 

 

Figure 2. Surface chlorophyll fluorescence 
at Sentry Shoal from 2015 (top) to 2017 
(bottom).  The spring bloom in 2015 was 
more than a month earlier than in 2016.  
In 2017, the spring bloom was very low in 
biomass.  

Figure 3. Surface chlorophyll 
fluorescence at Egmont from 2010 
(top) to 2017 (bottom).  The Egmont 
time series is used to monitor seeding 
of the spring bloom from coastal 
inlets.  Early spring blooms seeded 
from coastal inlets were observed in 
2013 and 2015.  The noise after mid-
April is likely due to fouling and will 
be taken out of the time series.   
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The chlorophyll fluorescence data observed at the buoy is highly complementary to satellite chlorophyll 
and periodic shipboard measurements.  They worked with the University of Victoria’s SPECTRAL lab, DFO 
and PSF to assess the different sources of phytoplankton measurements (Figure 4).  The combined results 
from the phytoplankton monitoring will help researchers understand bottom up drivers of juvenile salmon 
survival and overall ecosystem health.  
 

Figure 4.  The buoy chlorophyll fluorescence (blue line), satellite chlorophyll (yellow line) and in situ chlorophyll measurements 
(purple circles) for the northern (top) and central (bottom) Strait.  The pie charts show the species composition from nearby citizen 
science stations.   

Coupling state-of-the-art chemical oceanography with biological relevance: examining phyto- 
and zooplankton populations in a dynamic coastal environment. 
Team: Dr. Helen Gurney-Smith, Research Scientist and Manager, Head of Shellfish Health and Husbandry 
Group, Centre for Shellfish Research, Vancouver Island University, Dr. Eric Peterson, President and Founder 
of the Tula Foundation, Dr. Wiley Evans, Research Associate, Pacific Marine Environmental Laboratory in 
Seattle Washington (National Oceanic and Atmospheric Administration) and the University of Alaska 
Fairbanks Ocean Acidification Research Centre in Fairbanks Alaska. 
Budget Category = “BIOLOGICAL OCEANOGRAPHY” number 6 on the PSF budget provided below.  

Objective: 
This project aims to couple high resolution chemical oceanographic monitoring with phytoplankton and 
zooplankton analysis at a coastal site in the Northern Strait of Georgia to determine: 

(1) the variability and intensity of corrosive surface ocean conditions (measured using state-of-
the-art chemical oceanography monitoring equipment);   

(2) the effect of changing ocean conditions on the species and abundance of phyto- and 
zooplankton species in the northern Strait of Georgia; and  

(3) whether the incidence and magnitude of harmful algal species is correlated to ocean 
conditions  
 
Background: 
The timing and magnitude of salmon production is believed to be correlated with prey production, and 
therefore a timing shift in phytoplankton and prey production may be influencing the early marine survival 
of salmon in the Strait of Georgia.  These changes in productivity may be influenced by the observed 
increased temperatures and suspected decreased pH within the Strait of Georgia. Atmospheric increases 
in anthropogenic carbon dioxide (CO2) are creating massive changes in the marine carbonate system by 
increasing the concentration of hydrogen ions, and therefore lowering seawater pH, in the Earth’s oceans. 
This is a phenomenon known as ocean acidification.  
 
Additionally, the incidence of harmful algal blooms (HABs) has globally been on the increase and may be 
related to climate-driven species expansion, increased temperatures and the eutrophication of coastal 
waters. The chemical, physical and biological ocean conditions are therefore highly likely to impact the 
timing and magnitude of important food web dynamics for marine salmon. 
 
This study will examine the chemical oceanography at a coastal site in the northern Strait of Georgia, 
together with impacts on harmful algae, species and abundance of phytoplankton and zooplankton.  This 
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study complements sediment trapping, satellite imagery of phytoplankton conditions, harmful algal 
monitoring programs and migratory research carried out by the SSMSP as well as contributing towards a 
Tula-led initiative examining the impacts of biological oceanography on salmon ecology in the Discovery 
Islands and Johnstone Strait. 
 
Status: 
To date: they have implemented a high resolution chemical oceanographic monitoring system at a field 
site on Quadra Island at the north end of the Salish Sea, where it has been deployed since December 2014. 
Plankton sampling (phytoplankton and zooplankton) began on 17 March 2015.  
 
Data has shown large and rapid variations in ocean conditions, such as important calcium carbonate 
saturation states, and linkages to coastal processes such as wind-driven mixing. Decreased sea surface 
temperature, pH, and aragonite saturation state and increased salinity and pCO2 were observed during 
winter months, while the opposite trends were observed in summer months.  
 
Phytoplankton and zooplankton production correlated to oceanographic changes. Low levels of 
silicoflagellates and ciliates were dominated the phytoplankton samples from early winter to late spring, 
but only in low densities. Diatoms dominated the biomass of phytoplankton samples from June to the end 
of the year, including mechanically harmful species. 2017 zooplankton abundance was the lowest 
compared to previous 2015 and 2016 data. The 2017 zooplankton community was dominated by both 
Arthropoda and Cnidaria (Aurelia labiata and Aequorea victoria).  
 
2017 salmon migration through the Discovery Islands occurred from May 26 to June 23, with a peak on 
June 9. The dominance of microzooplankton, small copeopods of poor food quality, non-target prey 
species (Chordata, Cnidaria) indicates that Coho, Chinook and Sockeye migrating through the Quadra 
Island area would not have encountered good quality food. This, combined with the subsequent migration 
of salmon through the ‘trophic gauntlet’ of the Johnstone and Queen Charlotte Straits, indicates that 
returning salmon from this year class may be predicted to be low.   
 
This project aligns with the Salish Sea Marine Survival Project hypotheses related to prey availability (food 
supply, productivity, timing of food availability), metabolic effects (impacts of temperature on prey 
species) and ocean acidification (observed ranges, impact on productivity, impact on Heterosigma, 
harmful algal species in general, synergistic impacts with temperature). This project identified peaks in 
primary and secondary productivity which will assist in determining timing of hatchery release and factors 
for wild survival return forecasting (match-mismatch).  
 
In terms of harmful algal species, toxic species were only observed in low densities, and therefore this is 
unlikely to have impacted salmon populations moving through the northern Strait of Georgia in 2017. 
Migrating salmon may have encountered mechanically harmful (Chaetoceros concavicorne, Chaetoceros 
convolutus), which may impact survival and therefore returns from previous year’s data. In addition, the 
observed Arthropoda taxa were primarily very small (<2 mm) copepods such as Pseudocalanus spp., 
Corycaeus angelicus, Oithona spp., Acartia longiremis, Centropages abdominalis, and Microcalanus spp., 
which are likely too small to be considered viable prey for migrating salmon smolts (as was again seen in 
2016 and 2015).  
 
Salmon migration occurred through the Discovery Islands from May 26 to June 23, with the peak occurring 
on June 9 (data B. Hunt, Hakai Institute). Comparison of these dates to phytoplankton (Figure 2), there 
was a peak of microzooplankton (primarily ciliates) occurring at that time. Comparison to zooplankton 
class June data (Figure 3) showed again a dominance of small arthropods in the less than 2mm size class 
(S1), while S1 and S3 size classes were dominated by Cnidaria, and the S2 class was dominated by Chordata 
(primarily Larvaceans). Cnidaria and Chordata are prey items for both Pink and Chum salmon, rather than 
Coho, Chinook or Sockeye. This, combined with the small size classes of copeopods observed, suggest that 
both diet species and abundances were of poor quality for migrating targeted salmon species (Coho, 
Chinook and Sockeye) through the area of Quadra Island. This, combined with the subsequent ‘trophic 
gauntlet’ of poor food in Johnstone Strait and Queen Charlotte Strait, may impact the success of returning 
salmon species of this yearclass. 
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Figure 1 - Sea surface temperature (SST; °C), salinity, CO2 partial pressure (pCO2; µatm), calculated pHT, and aragonite 
saturation state (Ωarag) from January 01, 2015 to ~November 01, 2017. Black lines are daily means, while red represent daily 
means +/- std. Blue and black horizontal lines in the Ωarag panel mark conditions that are stressful for early life stages of some 
bivalve species, and conditions that are corrosive for aragonite. Data shown are 5-min averages of 2-sec data. Ωarag was calculated 
using three regional alkalinity-salinity relationships: those reported by Wootton and Pfister [2012;] and Ianson et al. [2003;], and 
one constructed from the data reported by Murray et al. [2015]. Ωarag from the Murray et al. [2015] relationship falls in the middle 
of values calculated from the other two relationships; the data used for this relationship span a broader salinity range, were 
collected over two annual cycles, and are in closer proximity to Quadra Island. Owing to these reasons, this relationship is believed 
to currently be the best suited for this dataset.  
 

 
Figure 2 – Phytoplankton biomass and group composition from discrete samples (1m), from 3 January to 10 October 2017.  
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Figure 3 – Zooplankton abundance (individuals/m3) from the coastal water off Quadra Island, 2017. Vertical tows of zooplankton 
data only from 250μm net from 3 January to 10 October. Size fractioned samples as follows: S0 <2mm, S1 2-5mm, S2 5-10mm and 
S3 >10mm. 

 
 
 
 
 
 
 



PSC 2017 Final Report (Jan 2017-Dec 2017)           Salish Sea Marine Survival Project 2017 

29 

 

 

 
Figure 4 – Harmful algae presence and mode of harmfulness (top) and harmful algae severity by species from 0, very low to 5, 
very high (bottom). 

 
The only slight modification to the project design in 2017 was the development of a plankton database 
that will facilitate data parsing and analysis; all samples from previous years are now integrated into this 
central database. 

 
Their initial objectives were to couple high resolution chemical oceanographic monitoring with phyto- and 
zooplankton analysis to determine: 

1) The variability and intensity of corrosive surface ocean conditions at a coastal site in the northern 
Strait of Georgia 

2) The effect of changing ocean conditions on the species and abundance of plankton and 
3) If the incidence and magnitude of harmful algal species is correlated to ocean conditions 
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For objectives 1 and 2, they have successfully installed equipment and monitored chemical oceanographic 
conditions for a 3-year period. This is still on-going (Figure 1), but already they have observed sharp 
changes in carbon dioxide levels (pCO2) and calcium carbonate saturations linked to changes in 
productivity. This would have been difficult to document without a continuous monitoring system.  
 
They are still sampling to examine fall transition impacts and spring blooms each year. Analysis of 
phytoplankton and zooplankton samples is again on-going and further details of zooplankton 
compositions will be compared to oceanographic conditions to examine any drivers of prey productivity 
(Figures 2 and 3).  
 
The incidence of toxic harmful algal species was low at the study site in the Northern Salish Sea, with only 
one cell of Heterosigma observed on 3rd April, 2017 (Figure 4). The majority of harmful algal species 
observed are known to cause mechanical damage, and currently they are doing analysis to examine any 
changing patterns correlated to ocean conditions. The next focus for this project will be the analysis of 
the current 3-year dataset and preparation of a peer-reviewed publication, as well as ongoing plankton 
sampling and analysis for the 2017-2018 year.  
 
Lessons Learned: 
The key lessons learned from this activity are highlighted by the large and rapid variations in chemical 
oceanography observed in near-shore coastal conditions, and the early detection of spring blooms. 
 
Another key lesson is the need for consistency between plankton sampling programs. Hence, they are 
working with Microthalassia Inc. and collaborating with Drs. Ian Perry and Brian Hunt’s groups to report 
the phyto- and zooplankton data in a relevant and consistent manner for use by other groups. They are 
integrating their oceanographic data with their plankton analysis, but next steps involve integration of 
these results into programs related to salmon survival.  
 
B1.2 Zooplankton and Ichthyoplankton - Canada 
Zooplankton and ichthyoplankton status and trends in the northern Salish Sea 
Team: Ian Perry, Research Scientist, Fisheries & Oceans Canada, Pacific Biological Station, Dr. Evgeny 
Pakhomov: Professor, Biological and Fisheries Oceanography, Earth and Ocean Sciences, University of 
British Columbia, Dr. John Dower: Associate Professor, Biology Department and School of Earth & Ocean 
Sciences, University of Victoria, Ms. Moira Galbraith: Research Biologist, Fisheries & Oceans Canada, 
Institute of Ocean Sciences, Dr. Brian Hunt: Research Associate, Earth and Ocean Sciences, University of 
British Columbia, Vancouver, Ms. Kelly Young: Research Biologist, Fisheries & Oceans Canada, Institute of 
Ocean Sciences  
Budget Category = ““BIOLOGICAL OCEANOGRAPHY” number 7 on the PSF budget provided below.  

Objective: 
The short-term goal is to identify the seasonal patterns of variability in zoo/ichthyoplankton species 
composition, abundance and biomass in the Strait of Georgia and Juan de Fuca Strait, and how they relate 
to changes in physical conditions.  
 
Long-term, the aim is to identify the effect that changes in seasonal patterns of the species composition, 
abundance and biomass of the zoo/ichthyoplankton in these areas has on the growth and early marine 
survival of juvenile salmon and, ultimately, their influence on the overall return strength of these 
populations. 
 
Background: 
Zooplankton are the basis of the food web for juvenile salmon and the direct connection between bottom-
up physical processes and salmon survival and growth. They are as a necessary component of a core 
bottom-up sampling program, and as central elements of both coupled physical-biological (e.g. NPZ) and 
food-web models. This project will provide a comprehensive zooplankton and ichthyoplankton sampling 
program to identify the seasonal status and trends of the species composition and biomass/abundance of 
these animals in the Strait of Georgia and Juan de Fuca areas. The sampling provides information regarding 
ecosystem variability and prey quantity and quality for outmigrating juvenile salmon.  
 
This project leverages existing DFO resources and programs sampling zoo/ichthyoplankton in these areas, 
and adds additional surveys to sample in areas and at times that are currently not covered.  This is 
comprised up from existing Chandler surveys from IOS, Ricker surveys that occur June, July and September 
in the SOG, from additional vessels chartered by Ian Perry, and from 3-4 boats that make up part of the 
Mosquito Fleet in Canada.  
 
Both the U.S. and Canadians are utilizing a distributed approach to achieve a zooplankton sampling 
program with broad spatial (throughout Salish Sea) and temporal (monthly or greater during salmon 
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outmigration) coverage. Methodologies and protocols among the US and Canadian scientists are similar. 
Sampling protocols for zooplankton have been shared to ensure relative consistency, and both sides will 
be utilizing vertical bongo net tows (to assess zooplankton in the entire water column, from just off the 
sea floor to the surface) as well oblique tows (in the top 10-30m to assess the salmon prey field). Oblique 
tows have proven difficult off of the smaller vessels used in the distributed, multi-party approach 
implemented in the U.S. Canadian collaborators are focused on utilizing one vessel to perform the oblique 
tows, with broad spatial coverage but fewer sampling events (once per month from April to September).  
 
Although not a primary objective of this proposal, the samples taken can be made available for 
biochemical analyses (e.g. of lipids, fatty acids, stable isotopes) to provide a plankton baseline for 
biochemical analyses of juvenile salmon being proposed by other projects. 
 
Status: 
Results Summary 
This project was a one-year extension to the two-year project (2015-2016) sampling zooplankton and 
ichthyoplankton in the Canadian parts of the Salish Sea. Sampling was conducted at 19 core locations in 
the Strait of Georgia, approximately every two weeks from mid-February to mid-October 2017. Surveys 
were conducted using a sequence of platforms, including DFO survey vessels, a charter survey vessel, and 
one citizen science vessel. Six of these surveys were conducted using a dedicated charter vessel, funded 
by this PSF grant. An additional survey was conducted in early May 2017 using a DFO zodiac, as the charter 
vessel was not available. At each station, the following data and samples were collected: full depth CTD 
profile including fluorescence and oxygen; full depth zooplankton tow, using SCOR net with 236 μm black 
mesh; at selected stations, additional samples were collected for phytoplankton, chlorophyll, and salinity. 
A total of 310 zooplankton samples were collected (including 57 samples from the Irvine-Sechelt Citizen 
Science team); taxonomic identification in the laboratory is continuing as of the date of this report (8 
December 2017).   
Their focus has been to complete the ‘core stations’ first (GEO1 in the central region, Stn 11 in the 
northern region, Stn 22 in Malaspina Strait, and Stn 59 in Haro Strait) which are all analysed to the end of 
2017. In 2016, 322 samples were collected, of which 119 samples remain to be processed. For 2017, 310 
samples were collected, of which 261 remain to be processed. All samples from 2015 have been 
processed. 
 
Outcomes 
• This project is evaluating the hypotheses relating juvenile salmon conditions (abundance, marine 
growth, survival) with zoo/ichthyoplankton food sources. It is identifying the bi-weekly patterns in 
abundance, biomass and locations of zooplankton, including species thought to be major prey items. 
Preliminary analyses indicate a significant relationship between the biomass of zooplankton taxa which 
appear to be key food items for juvenile Coho salmon, and the marine survival of Coho populations in the 
northern Salish Sea. Regions within the Salish Sea with higher, and lower, than average plankton 
concentrations (‘Hotspots’ and ‘Lowspots’) are being identified on a biweekly basis throughout the Salish 
Sea for comparisons with juvenile salmon distributions, timing, and growth.  
• The objectives established for the 2017 field sampling program were completely met. Taxonomic 
analyses in the laboratory and statistical analyses of the data are on-going.  
 • Collaborative analyses of the zoo/ichthyoplankton data collected by this project in 2015, 2016, and 2017 
have begun with Salish Sea Marine Survival of Salmon researchers in Canada and the United States (both 
zooplankton and fish condition studies), with plans to submit several presentations at the April 2018 Salish 
Sea Ecosystem Conference. Collaboration is underway with satellite oceanographers to understand the 
linkages between phytoplankton (Chl-a as a proxy) and zooplankton/ichthyoplankton in the northern 
Salish Sea. 
 
Lessons Learned 
• Data from this project are undergoing statistical analyses. They are being integrated with data from 
satellites to examine the role of physical and lowest trophic level (phytoplankton) biological processes on 
zoo/ichthyoplankton characteristics (e.g. species composition, timing, abundance, biomass). Comparisons 
are underway with marine survival data for Strait of Georgia Coho populations; some of these results were 
presented at the Canada-US Science Retreat in December 2017. Comparisons are also underway with US 
researchers on the growth of juvenile salmon (using IGF1 as the indicator) and plankton dynamics in the 
Salish Sea, for presentation at the 2018 Salish Sea Ecosystem Conference.   
• Comparisons of plankton results between ourselves and colleagues in the US project have not proceeded 
as quickly as we had expected. This has been due largely to time commitments on the part of the lead PI’s 
and, for both Canadian and US projects, longer than expected time to process all of the samples that have 
been collected (or perhaps due to more samples being collected than anticipated). 
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B1.3 Forage Fish- Canada 
 
Strait of Georgia juvenile herring and nearshore pelagic ecosystem survey. 
Team: Jennifer Boldt (lead), Research Scientist, Fisheries and Oceans Canada, Pacific Biological Station, 
Matt Thompson, Technician, DFO, Charles Fort, Biologist, DFO, Carol Cooper, Taxonomist Contractor, Zotec 
services, Doug Henderson, Skipper and Fisher Contractor, Dr. Marc Trudel, Research Scientist, Fisheries 
and Oceans Canada, Pacific Biological Station, Dr. Stéphane Gauthier, Research Scientist, Fisheries and 
Oceans Canada, Institute of Ocean Sciences, Dr. Kyle Garver, Research Scientist Pacific Biological Station, 
Nanaimo, BC.  
Budget Category = “FORAGE FISH” number 1 on the PSF budget provided below.  

Objectives: 
 Update age-0 herring time series  
 Identify suitable data and statistical methods for estimating an index (and associated variance) of 

the relative biomass or abundance of age-0 herring.    
 Relate estimates to  

o age-3 herring abundance from stock assessment model, 
o Chinook salmon survival. 

 Examine annual variation in herring lengths, weights, and fish condition (length-weight residuals). 
 
Background:  
The survival of salmon species in the North Pacific has been linked to food availability during their early 
life history and coho and Chinook, which are generally switching to piscivory early in their marine life, are 
likely strongly affected by the availability of prey fish when they enter the marine environment. In the 
Strait of Georgia, the marine survival of Chinook salmon is strongly correlated to the proportion of young-
of-the-year herring in their diet (R. Sweeting, unpublished). Thus, understanding the factors affecting the 
recruitment dynamics of herring in the Strait of Georgia may be key to understanding the variability in the 
marine survival of coho and Chinook Salmon in the Strait of Georgia.   
 
The main goal of this project is to continue long-term monitoring of the SOG nearshore pelagic ecosystem.  
The goals of the SOG juvenile herring and nearshore pelagic ecosystem survey are to provide an index of 
herring recruitment and prey availability to salmon and other predators, explore factors affecting herring 
distribution and survival, examine the temporal and spatial patterns in pelagic species composition, and 
gain a better understanding of the prevalence of aquatic viruses in Threespine Sticklebacks in the SOG.   
 
The current objectives of the survey are to 1) estimate the relative abundance and distribution of juvenile 
herring in the SOG as a potential indicator of herring recruitment and as a potential indicator of prey 
availability to salmonid and other predators, 2)  monitor the distribution and relative abundance and 
collect samples of nearshore pelagic fish in the Strait of Georgia, 3) monitor the distribution and relative 
abundance and biomass of the zooplankton community, 4) measure physical environmental variables that 
may affect the distribution of fish and zooplankton species, and eventually 5) understand trends in 
temporal and spatial variability in community composition and diversity.  In addition, collaborative project 
objectives from survey-collected fish samples include:  6) screen Threespine Sticklebacks for the newly 
discovered threespine stickleback iridovirus (TSIV) that has caused mortality of sticklebacks in coastal 
waters of BC and 7) identify the prevalence and distribution of this virus and save any positive samples for 
future studies.   
 
Status: 
The key accomplishments of this project include the following: 
 1. Completion of the 2014, 2015, 2016, and 2017 Strait of Georgia (SOG) age-0 herring and nearshore 
pelagic ecosystem surveys.  Collections of age-0 herring and Three Spine Stickleback samples, zooplankton 
data, and physical environmental measurements.  
 
2. A time series of the relative biomass, abundance, and condition of age-0 herring was updated through 
2016 using statistical methods previously identified as suitable (Boldt et al. 2015).     

a. Estimates of age-0 catch weight CPUE varied annually, with no overall trend during 1992-2016.  
The age-0 herring index tended to peak every two or three years, with the peaks occurring in 
even years during 2004-2012.  The index was relatively low and stable during 2013-2016, 
compared to the peaks within the time series.   
b. The annual variation in herring condition (length-weight residuals) increased since 1997, with 
positive residuals since ~2005, which may have implications for the quality of prey consumed by 
juvenile Chinook Salmon.  

 
3. A manuscript was written illustrating that primarily bottom-up processes affect age-0 herring 
abundance and condition in the SOG, while top-down processes are limited to potential effects on fish 
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condition (Boldt et al. accepted pending edits).  The temporal match between age-0 herring and their prey 
appears to be important and density dependent processes may affect their abundance and condition.    
 
4. The index of age-0 herring biomass may provide a leading indicator of recruitment to the adult herring 
population and of prey availability to Chinook Salmon in the SOG, as indicated by the positive correlations 
between the index of age-0 herring and:  

a. age-3 herring recruit abundance 2.5 years later, as estimated by the age-structured stock 
assessment model (67% of variability), and  

b. b. to some runs of Chinook Salmon survival (explaining up to 47% of the variability).  
 
5. In 2015, sticklebacks collected from eight different transects were received by the Virology Lab.  These 
fish were aseptically dissected and tissues are to be analyzed for the presence of threespine stickleback 
iridovirus (TSIV).  A diagnostic assay has been developed and validated for TSIV and has proved to be 
specific and highly sensitive for detection of the virus.  Dr. Garver developed a stickleback gill cell line that 
will be used to complement molecular virus screening of the fish.  The molecular screening is delayed 
because the student who was working on the project moved; however, analyses are expected to be 
completed in 2017. 
 
Outcomes 
The survival of salmon species in the North Pacific has been linked to food availability during their early 
life history (Parker 1966, Boldt and Haldorson 2004, Beauchamp et al. 2007, Kline et al. 2008, Daly et al. 
2013).  For example, the marine survival of Chinook Salmon in the Strait of Georgia (SOG) is strongly 
correlated to the proportion of age-0 Pacific Herring in their diet (R. Sweeting, unpublished).  Long-term 
monitoring of the nearshore pelagic ecosystem, populations of small pelagic fish species, and factors that 
affect their survival would improve their understanding of forage species availability to predators, such as 
salmon, and the implications for salmon survival.    
  
The main goal of this project was to continue the SOG juvenile herring and nearshore pelagic ecosystem 
survey.  This survey provides an index of the relative biomass of age-0 herring, which may be a leading 
indicator of herring recruitment to the adult herring population and of prey availability to Chinook and 
coho Salmon.  This will help address SSMSP objective of identifying factors that affect the early marine 
survival of salmon in the Salish Sea by contributing information to address hypotheses relating prey 
availability to salmon marine survival, such as: 1) Prey Productivity:  Marine survival increases with prey 
production; 2.) Prey quality: Marine survival and growth increases with the availability of fat/nutritious 
prey; 3.) Prey Match-mismatch:  Smolts that enter during optimum food supply conditions perform better; 
and 4.) Food supply:  Timing, duration, quantity, spatial extent, and/or composition/quality of prey 
influences food consumption rates and growth.   
 
In addition, this survey provides information on factors that may affect herring survival and recruitment.  
This survey provides samples for other research projects’ objectives; for example, Kyle Garver leads a 
research project aimed at gaining a better understanding of the prevalence of aquatic viruses in 
Threespine Sticklebacks that has caused mortality of sticklebacks in coastal waters of BC.  Zooplankton 
and fish samples were also collected for Brian Hunt (UBC) to examine lower trophic level linkages. 
 
Lessons Learned 
The SOG juvenile herring survey provides a valuable data set that may be used to estimate the relative 
biomass (abundance) and condition of age-0 herring.  This provides a potential leading indicator of 
recruitment to the adult herring population and may provide an indicator of prey availability and prey 
quality to predators in the SOG, such as Chinook and coho Salmon.   
 
They recommend that sampling of core stations and transects continue, following consistent and 
standardized practices and with more accurate measures of depth where samples are collected.  To 
reduce CVs, more transects should be sampled, however, trade-offs between lower CVs and higher costs 
would need to be considered.  They also recommend that multiple indices are calculated (catch weight, 
CPUE, and abundance) using a two-stage method and the less conservative formulae (Thompson 1992) 
for estimating variance.  Given a consistent approach to sampling and index calculations, the herring 
indices can be used to explore other research questions that might elucidate factors affecting herring 
survival and recruitment, as well as the survival of predators.    
  
Age-0 herring play a key role as planktivores and as prey for predators in the SOG ecosystem and their 
population undergoes strong temporal and spatial variability in abundance.  Using the index of age-0 
herring biomass and condition, they examined biological and environmental factors influencing age-0 
herring in the SOG (Boldt et al., Accepted pending edits).  Primarily prey-driven processes were found to 
affect the interannual variability in age-0 herring abundance and condition, with some evidence of 
additional predator effects on herring condition.  Age-0 herring abundance was affected by the timing of 
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adult herring spawning biomass relative to the timing of the spring bloom and zooplankton prey 
availability. This study illustrated the important processes affecting age-0 herring, which are a major prey 
item of coho and Chinook salmon and can be applied to understand processes affecting the marine 
survival of juvenile salmon in the SOG. Next steps might include more in-depth analyses of the relationship 
between the relative biomass and condition of age-0 herring and Chinook and coho salmon survival and 
perhaps juvenile Chinook and coho salmon diets in the SOG. 

Hydroacoustics 
Team: Lu Guan, Mitacs posdocoral fellow (University of Victoria), Stéphane Gauthier (DFO), John Dower 
(University of Victoria), Marc Trudel (DFO), Chrys Neville (DFO), Chelsea Stanley (DFO) Moira Galbraith 
(DFO)Jennifer Boldt (DFO) 
Budget Category = “FORAGE FISH” number 2 on the PSF budget provided below.  

Objectives: 
This research project is specifically to study the production of the prey and predators of juvenile salmon, 
and their links to the juvenile salmon survival in the SoG. Key objectives are: 
 

 To develop acoustic indicators of productivity (relative/absolute biomass estimates) for salmon 
predators and prey 

 To examine abundance & spatial distribution of the defined species/assemblages, and explore 
their potential links to oceanographic and environmental factors 

 To test hypotheses that relate the abundance and distribution of the defined species/species 
assemblages to the marine survival of juvenile salmon 

 
Background: 
Stéphane Gauthier supervised a pelagic ecosystem survey of the Strait of Georgia (SoG) in March 2014 
and 2016 based on acoustic-trawl methods. Another survey is scheduled for July 2016, and March 2017. 
In addition to these surveys, acoustic data are now routinely collected as part of DFO’s juvenile salmon 
trawl program occurring in the area.  
 
A newly appointed Mitacs postdoctoral fellow (Lu Guan, University of Victoria) will focus on this rich 
acoustic dataset. The objective will be to develop a series of acoustic indices of productivity for forage fish 
species such as herring, mesopelagic fish, euphausiids, zooplankton, and ichtyoplankton within the SoG. 
Demersal species distribution and abundance are also explored as part of these surveys (e.g. Pacific Hake 
and Walleye Pollock). Acoustic indicators will be developed using robust multi-frequency techniques in 
conjunction with mark identification fishing (trawls). A multiple opening and closing net system (the 
Hydrobios multinet) will be used to sample smaller organisms (zooplankton, euphausiids, and larval fish). 
Along with existing time-series of forage species catch from trawl surveys, the acoustic indicators of 
productivity will be investigated for potential links to juvenile salmon survival. Data and results from this 
study will be closely integrated with the other projects that focus on juvenile salmon survival in the area. 
 
Status: 
Results Summary 
Two Strait of Georgia acoustic surveys were conducted in March and July of 2016, while the survey 
planned for March 2017 was cancelled due to a vessel breakdown. An approach – Mean Volume 
Backscattering Strength (MVBS) has been applied to better discriminate major fish species (Pacific hake, 
Walleye pollock and Pacific herring) and euphausiids in the Strait of Georgia. Procedures and calculations 
have been developed to successfully convert acoustic measurements to biomass estimates.  
Biomass time series of Pacific hake including estimates from 1981, 1988, 1993, 1996, 1997, 1998, 2010, 
2011, 2014 & 2016, and biomass times series of walleye pollock and Pacific herring in recent years (2010, 
2011, 2014 & 2016) have been developed.  
The spatial variability in distributions of the three major species, specified in stages (adult & juvenile) and 
sexes (male & female), has been explored.  Analysis on biomass estimates and spatial distribution of 
zooplankton (euphausiid & other zooplankton) is ongoing, and will be ready soon.  

 
Outcomes 
This acoustic research project utilizes rich acoustic data sets collected through the Strait of Georgia pelagic 
ecosystem surveys in 2010, 2011, 2014 and 2016 to develop a series of acoustic indices of productivity 
(e.g. biomass) for demersal fish species (e.g. Pacific hake and walleye pollock), forage fish species (e.g. 
Pacific herring) and zooplankton (e.g. euphausiids). Next, the developed acoustic indicator of productivity 
will be investigated for potential links to juvenile salmon survival. So far, they have completed all the field 
surveys for acoustic data collection, methods have been developed to discriminate different fish species 
in the SoG ecosystem, calculation procedures have been developed to convert acoustic measurements to 
fish biomass estimates, and the acoustic data has been analyzed. In addition to biomass time series and 
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spatial distribution for major fish species (Pacific hake, walleye pollock and Pacific herring) in the SoG, 
they also examined biomass estimates and the spatial distribution of major fish species in different stages 
(juvenile and adult) and sexes (male and female) within each survey year. Analysis of zooplankton is still 
ongoing. The last step will be to explore the linkage between biomass and distribution of the defined 
species and marine survival of juvenile salmon.  
 
Lessons Learned 
The original hypotheses identified in the research planning process were as follows:  

- The biomass of forage species such as eupahusiids, other zooplankton and ichthyoplankton is 
positively correlated with salmon survival, 

- The biomass of larger demersal species, such as Pacific hake and walleye pollock, may be 
negatively correlated with salmon survival, and 

- The biomass of pelagic species such as pacific herring (a potential competitor) is negatively 
correlated with juvenile salmon survival. 

 
Some major results are:  

1) According to the catch data from mid-water fishing trawl (Fig. 1), the predominant fish species they 
decided to examine in this study are: walleye pollock, Pacific hake and Pacific herring. 

 
 

Figure 1. Weight (kg) and percentage weight of the top five species in the Strait of Georgia in 2010, 2011, 2014 and 2016.  
 

2) The time series of hake biomass estimates in the Strait of Georgia was first developed based on previous 
six acoustic surveys from 1981 to 1998 to assist population modeling and stock assessment (Fig. 2). The 
hake biomass estimates in the Strait were at similar level (> 65,000mt) between 1981 and 1988, while the 
biomass dropped from ~ 60,000mt in 1996 by half (~30,000mt) in 1998. The anomalously high biomass 
estimate in 1993 was probably an overestimate due to inclusion of plankton backscattering (Keiser et al. 
1999). In the 2010s, hake biomass was at historical low level of approximately 7,673mt in 2011 but rose 
up to over ~20,000mt in 2014 and over ~40,000mt in 2016 (Fig.2). The relatively low estimates in 1998 
and 2011 were associated with warm ocean conditions in the Strait of Georgia. The linkage between time 
series of hake biomass estimates and juvenile salmon survival will be explored for the next step. 
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Figure 2. Acoustic indicator of Pacific hake productivity (biomass estimates) from 1981 – 2016 in the Strait of Georgia. 
  
3)  Walleye pollock biomass in the Strait of Georgia has been estimated for 2011, 2014 and 2016 (Fig. 3), 
while the estimate in 2010 still needs to be validated. The pollock biomass fluctuated between 20,000 to 
30,000 with highest biomass in 2016 (27,457 mt). This short time series will be compared to juvenile 
salmon survival (2010-2016) for the next step. 

              
Figure 3. Acoustic indicator of walleye pollock productivity (biomass estimates) from 1981 – 2016 in the Strait of Georgia. 
 
4) During March surveys in 2011, 2014 and 2016, the biomass of adult hake displayed largely consistent 
spatial distributions over the central-northern Strait (Fig. 4). More juvenile hake appeared in March 2016 
compared to March of 2011 and 2014, and the juveniles were more distributed in central-northern Strait 
as adult hake. 
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Figure 4. Spatial distribution of Pacific Hake adults and Pacific Hake juveniles in the Strait of Georgia in late March 2011, 2014 
and 2016. 
 
5) Walleye pollock was mainly distributed in the central-southern portion of the Strait of Georgia, with 
some biomass distributed in northern SoG as well in 2011 and 2014 (Fig. 5). In 2016, the north-south 
separation in spatial distribution of Pacific hake and walleye pollock appeared distinctly in the March 
survey (Fig.4 & 5).  

 

Figure 5. Spatial distribution of walleye pollock adults and pollock juveniles in the Strait of Georgia in late March 2011, 2014 and 
2016. 
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6) Pacific Herring were spread over the entire Strait with higher biomass along shallower nearshore areas 
(Fig.6). 

 

Figure 6. Spatial distribution of Pacific herring in the Strait of Georgia in late March 2011, 2014 and 2016. 
 

[NEW!] Quantifying condition in juvenile Pacific herring (Clupea pallasii) in the Strait of 
Georgia   

Team: Emma Pascoe; University of Victoria, School of Earth and Ocean Sciences; John Dower; University 
of Victoria, School of Earth and Ocean Sciences 
Budget Category = “FORAGE FISH” number 3 on the PSF budget provided below.  

Objectives: 
 
Short term: to quantify seasonal and interannual variability in the condition, growth, and nutritional 
value of young-of the-year herring from the Strait of Georgia from 2013-2016. 
 
Longer term: to explore how variability in the food quality represented by forage fish affects the 
growth and survival of higher trophic level predators such as salmon, and how bottom-up forcing 
affects the trophic transfer efficiency in coastal BC ecosystems. 

 
Background 
Juvenile herring are a key prey item of many predators, including Pacific salmon.  Here they aim to explore 
spatial and interannual patterns in lipid content of young-of-the-year (YOY) herring from the Strait of 
Georgia (SoG).  They have fish from four years (2013-2016) that were collected as by-catch during DFO 
trawl surveys.  Their goal is to quantify patterns of spatial and temporal variation in total lipids and lipids 
classes across years in the SoG.  Lipid data will be compared with data on growth and condition measured 
using otolith microstructure, RNA:DNA ratios and Fulton’s K. 
 
This research will help to address one of the key objectives of the SSMSP – determining the role of bottom-
up factors in regulating variability in the growth and survival of juvenile salmon.  More specifically, this 
work fits under the SSMSP “Junk-food/Prey quality” hypothesis, which proposes that the growth of 
juvenile salmon is affected by the nutritional content of their food, and that marine survival and growth 
increases with the availability of preferred (fat/nutritious) prey. To date, however, the degree to which 
prey such as YOY herring vary in their condition and, hence, nutritional quality between years has not 
been quantified.   
 
Status 
Results Summary: 
This research applied multiple metrics of condition on juvenile Pacific herring from the Strait of Georgia 
(SoG hereafter) from 2013-2016 to accomplish two aims: understanding interannual variability in herring 
condition during an environmentally variable time period, and examining whether different metrics 
provide similar results about the condition of the fish. Fulton’s K, length-weight residuals, otolith 
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increment widths and RNA:DNA ratios were found to hold steady from 2013-2015 and then decrease in 
2016. However, total lipid content of muscle tissue increased over the 4 year period. While some of the 
metrics of condition responded similarly throughout the study period, none of the metrics were well 
correlated when compared statistically using linear regressions. 
 
Outcomes:  
This research aimed to help advance the prey quality objective of the SSMSP by analyzing the condition 
of juvenile herring, an important prey item for salmon. A hypothesis of the SSMSP states that early marine 
survival of salmon in the Salish Sea may be influenced by the nutritional quality of their prey. Funding 
from PSF was used to perform the lipid analysis segment of this research activity, which aimed to answer 
the question of how the nutritional quality of herring changed from year to year. They anticipated a 
decrease in lipid content over the years, based on the decrease in the 4 other condition metrics from fall 
2015-2016. However, they saw an increase in lipid content over time. RNA:DNA and otolith increment 
width represent growth rates. It may have been that the juvenile herring were compensating for poor 
environmental conditions (high temperature and sparse prey field) be spending less energy on growth, 
and more on increasing lipid content to prepare for winter. 
 
Lessons Learned: 
A key lesson learned from this activity is the poor correlation between condition metrics in an individual 
fish. To date, all four metrics have not been applied on an individual juvenile herring. The poor correlation 
may be explained by the fact that the four metrics measure processes that are integrating on different 
time scales, as well as physiological scales (i.e. biochemical processes vs. physiological processes). When 
analyzing the condition of a fish, it is therefore important that scientists choose a metric that aligns with 
the time frame of the study. 

Another takeaway from this project is that total lipid content, a proxy of nutritional quality, has increased 
over the past four years. Further study could provide evidence as to whether the nutritional content of 
juvenile herring is an influential factor in survival of Pacific salmon. 
 
Dissemination of results 
Preliminary results have been presented at various conferences (ICES/PICES drivers of dynamics in small 
pelagic fish, March 2017, Victoria BC; Salmon Ocean Ecology Meeting, March 2017, Seattle, WA; SSMSP 
Public Meeting, November 2017, Nanaimo BC).   
 
 
B1.4 Juvenile salmon - Canada 

Freshwater and Marine Survival 
Team: BCCF (Wightman, Stenhouse, Dambourg, Atkinson), Kevin Pellett (DFO), Mel Sheng DFO-PBS, Steve 
Baillie DFO-PBS, Don Elliott Cowichan Hatchery Manager, Dr. J. Taylor, Dave Key Key Mill Construction Ltd. 
dba Pisces Research Corps Elliot, Cowichan Tribes. 
Budget Category = “JUVENILE SALMON SAMPLING” numbers 3,4,5,6 for 2015 on the PSF budget provided 
below. Includes contracts to Cowichan Tribes, J. A. Taylor & Associates, BCCF, and PIT tags and PIT tag 
readers/associated equipment, and DNA processing at PBS, Nanaimo. 
 
Objectives: 
To determine the level of mortality of Cowichan chinook in both the freshwater and early marine periods 
of early life.  
 
Background: 
Both rotary screw trap and PIT tagging methods are being used to compare freshwater and marine survival 
at different stages in the life history of Cowichan chinook in 2015.  
 
Previous work to determine the marine survival of Cowichan chinook have made assumptions that all 
hatchery fish released 40 kms upstream from the estuary in the Cowichan River survive and enter the 
estuary.   This assumption is unlikely to be valid, and thus, a Rotary Screw Trap (RST) has been operated 
by DFO and Cowichan hatchery staff during 2014 and 2015 in the mainstem of the Lower Cowichan River 
to allow for a mark-capture population estimate on hatchery released fish 

In the last 6 years, research has been undertaken to monitor the spatial and temporal distribution and 
ratio of hatchery and wild chinook entering the Cowichan Estuary and through their first months in the 
ocean.  This information has been used to estimate the early marine survival of hatchery and wild chinook 
salmon from this system (Beamish et al. 20xx).  The estimates assumed that all hatchery fish released 40 
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kms upstream from the estuary in the Cowichan River survive and enter the estuary.  However, based on 
recent freshwater work, only 20% of the releases successfully migrate to the lower river.   

In 2016, groups of Hatchery smolts will be release at multiple locations further downstream in the river 
to determine if migration success rate improves; the level of freshwater mortality will be determined by 
operating a Rotary Screw Trap (RST) in the mainstem of the Lower Cowichan River and conducting a mark-
capture population estimate on CWT and PIT tagged hatchery released fish.   
 
The RST work has been supplemented with a freshwater PIT tagging study during 2016. Hatchery chinook 
are PIT- tagged and released at the usual hatchery release location, and their survival will be estimated 
using a RFID array at the bottom of the Cowichan River, which records each PIT tag as the fish crosses the 
array. The survival estimate using this method can be compared with that from the RST. 
 
PIT tagging is also used to assess marine mortality of the same hatchery population. Several previous 
research studies have attempted to investigate where mortality is occurring in the marine environment 
but few answers have resulted.  The past approach has been to mark fish in freshwater using coded-wire 
tags (CWT) and recovering tags in fisheries and spawning populations.  However, the use of CWT-marked 
groups limits survival estimates to total marine survival rates (juveniles tagged at release to recruitment 
pre-fishing) and says little about the sequence of mortality events.  BCCF piloted the application and use 
of PIT tags in the marine environment during 2014. This method provides a means to estimate the survival 
of multiple tagged groups differentiated by their size and age when tagged during the early marine life 
stage: by applying PIT tags to fish captured in the marine environment over an extended period of time 
(e.g., 6 months following ocean entry) and at multiple locations, fewer tags are required as smolts become 
sub-adults and mortality rates likely decline accordingly.  Passive tag technology allows a cost effective 
method for individually marking many fish without constraints of battery life. Tag recoveries are made in 
freshwater as fish return to spawn which greatly reduces the need to scan a broad geographic range for 
marked fish.  Finally, the individual codes for each tag allow analysis of an infinite range of marking 
locations, times, species, and sizes down to fish measuring only 60 mm.   Data will be collected in a way 
that allows many different hypotheses to be tested such that results from other ecosystem research 
projects can be linked to marine survival.  If successful, this study could provide the empirical foundation 
which identifies the critical times (i.e., discrete life stage) and/or locations that determine survival in the 
marine environment. 
 
Hatchery chinook are tagged 1. In hatchery, 2. In freshwater, 3. By beach seine, 4. By purse seine, 5. By 
microtrolling. Microtrolling (catching fish using specialized trolling equipment aimed at catching juveniles 
as they move offshore) will be used to capture sublegal juveniles in the marine environment. This is a 
novel method, piloted by Will Duguid, PhD candidate at UVic during 2014. The method is labour intensive, 
so it is proposed to achieve higher sample sizes by forming a collaboration with the “Avid Anglers” which 
will form a second citizen science project in the Strait of Georgia.   
 
The key hypotheses that are being addressed are as follows:   

A) The mortality rate in the early marine environment is initially high but subsides as fish grow and 
move offshore. 

B) Survival to the adult stage is controlled mostly by mortality at a specific time and location within 
the first year of marine life.   

C) The determinants of marine survival may be geographic and temporal.  Fish of a similar size may 
experience significantly different survival based on when they occupy a specific habitat (early vs. 
late migrants). 

D) Understanding how mortality is distributed in the marine environment will lead to the 
identification of causal factors in conjunction with other research activities.  
 

Status: 
Rotary Screw Trap 
No RST work was carried out during 2017. 
 
PIT tagging 
Freshwater Tagging 

- A total of 5,308 hatchery Chinook were tagged and released at 6 sites in 2017.    These fish 
supported in-river predation studies by 1) estimating downstream survival on in-river detection 
arrays and 2) serving as prey for scanning of predators in key habitats 

-  
Downstream Survival 

- River discharge was significantly higher during tag release in 2017 compared to 2016 
(approximately 6X) 
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- Downstream survival from the highest of 5 release sites was found to be low in 2016 (25%) but 
high in 2017 (71%).    
 

In-River Predation 
- Despite challenging conditions for scanning predators a significant number of otters were 

scanned.   Approximately 165 “otter scans” were conducted based on trail camera images yet no 
tags were detected on the antenna which the animals passed over on a daily basis.   This suggests 
otters were not a major predator of juvenile Chinook in 2017. 

- Few mergansers were scanned due to a low number of birds observed in the area.  Fewer than 10 
animals were counted on several drifts of a representative 6 km section.  No tags were detected 

- Approximately 25 trout were sampled to investigate potential predation impacts.   A variety of 
species were captured including Cutthroat, Rainbow and Brown Trout.   The majority of fish were 
found to not be feeding on juvenile salmon.   Of the trout that were found with fish in their 
stomach the count of juvenile Chinook ranged between one and four.   Results are inconclusive 
at this time although the number of trout and cursory predation level suggest a low impact. 

 
Cowichan Bay Heron Rookery 

- The forest floor below a heron rookery in Cowichan Bay was scanned for PIT tags using a mobile 
wand.  A total of 406 tags were detected over a series of seven visits but no new tags were found 
after the fourth suggesting few other tags were missed.   Tags appear to be deposited on the 
ground under the nests as they passed through the digestive system of the birds. 

- Tag codes were traced back to all four tagging years (2014-2017) although 2016 represented over 
50% of all detections.   A small number of tags were from beach and purse seining operations 
while the majority (90%) were from the river.  

- In-river predation was suspected to be significant in 2016 due to critically low spring flows.  
Further analysis is underway to investigate the timing and location of the heron predation within 
the lower Cowichan River/Bay. 

 
Marine Tagging 

- Just under 5,000 tags were applied to juvenile Chinook aboard the purse seiner over four days in 
Cowichan Bay during June 2017. Catch rates appeared to be relatively good compared to previous 
years but the average size of wild fish was smaller due in part to a cooler than normal spring.  

- 804 Chinook were captured and tagged via “Micro Trolling” in Sansum Narrows/Maple Bay during 
August and September.   Early DNA results suggest over 71% of these fish were Cowichan River 
juveniles.  Catch rates were good to excellent relative to previous years. 

 
Adult Tag Returns  

- A total of 264 PIT tags were detected in returning Cowichan River Chinook between September 4 
and November 9, 2017. 

- The majority of returns were from the 2016 tagging year when over 22,000 tags were deployed.  
This suggests high survival for the 2016 ocean entry year and bodes well for good returns from 
this tag group in 2018 and 2019. 

- Detection efficiency at the lower antenna array was estimated at 100% this year based on a sub-
sample of 62 tags detected 25 km upstream at Skutz Falls.  This is excellent news for the project 
as tag detection can be challenging at higher flows. 

- Initial survival data from the four tagging locations are showing a much higher return rate for wild 
fish compared to hatchery (~3:1). 

- Although survival to return increased over the tagging period it was relatively low by September.   
So far fewer than 5% of wild fish have returned from the micro troll stage and less than 2% of 
hatchery fish.   This is surprising given that these fish are close to 20 cm by this time of year.     

- Return rates were also investigated based on size at tagging.   So far larger fish tagged on the 
purse seiner in 2015 have returned at a higher rate than smaller fish.  However, returns have been 
recorded for all size classes tagged suggesting that it isn’t just large fish that survive.   There is an 
expectation that smaller juveniles may return as older adults so analyses will continue as tags 
come back. 

 

Cohort Analysis and Marine Growth 
Team: Marc Trudel (DFO-PBS), Chrys Neville (DFO-PBS), Carol Cooper (DFO-PBS), Svetlana Esenkulova 
(PSF), Dave Preikshot (Madrone Environmental), Lana Fitzpatrick (DFO-PBS), August Jones (PSF), Francis 
Juanes (Uvic), Rana El-Sabaawi (Uvic)-Fatty Acids, Azit Mazumder (Uvic)-Stable Isotopes & Fatty Acids, Ian 
Forster (West Van. Lab.)-Fatty Acids, Strahan Tucker (DFO-PBS) -Cesium Analyses, Fatty Acids & Stable 
Isotopes, Stewart Johnson (DFO-PBS) 
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Budget Categories = “JUVENILE SALMON SAMPLING” numbers 7, 8 and 9 on the PSF budget provided 
below. Includes payments to DFO under the contribution agreement, stomach sample processing by Carol 
Cooper (contractor) and Canfisco (vessel costs for field research). 

Objective: 
This project will focus directly on the key objectives of the Salish Sea Marine Survival Project by directly 
assessing the bottom-up and physiological factors limiting the recruitment of Chinook Salmon and Coho 
Salmon during their early marine life in the Strait of Georgia. 
 
Background: 
This project is divided into two specific components: 1) a cohort analysis to determine which segment of 
the population survive the early marine residency period, and 2) an empirical analysis to determine how 
ocean conditions affect the growth and bioenergetics of juvenile Chinook Salmon and Coho Salmon in the 
Strait of Georgia.  
 

A) Cohort analysis: Assessing the cause of mortality can be a daunting task given the number of 
mortality agents that need to be examined simultaneously. An alternative approach is to determine 
whether or not there are specific smolt characteristics or traits that influence their success relative to 
other smolts. In this project, a cohort analysis will be used to test the Critical-Size, Match-Mismatch, 
and Disease-Susceptibility hypotheses (Table 1). 
 
B) Marine growth: There are at least thirteen different mechanisms that have been proposed to 
explain the variability in smolt survival of juvenile Pacific salmon: 

1. Ocean-productivity* 6. Smolt-quality 11. Harmful-blooms 

2. Match-mismatch* 7. Critical-size* 12. Winter-starvation* 

3. Predation-intensity* 8. Physiological-stress* 13. Predation-risk* 

4. Buffer-capacity 9. Disease-susceptibility*  

5. Density-dependence* 10. Junk-food*  

*Hypotheses that predict that faster growing fish have higher survival 
 
Although the specific mechanism affecting the marine survival of salmon differs among these hypotheses, 
they generally indicate that lower marine survival of Pacific salmon is associated with lower marine growth 
during their first year at sea (Peterman 1987; Beamish and Mahnken 2001).  This indicates that to 
understand the effects of ocean conditions on Salish Sea salmon survival theyneed to examine the factors 
affecting salmon growth in the marine environment. In this project, an empirical approach is being used 
to test the Ocean-Productivity, Match-Mismatch, Junk-Food, and Density-Dependence hypotheses (Table 
1). 
 
In order to determine whether or not there is a specific component of the population that disappears over 
time during their first year at sea, salmon smolts are collected as they leave freshwater and subsequently 
in the marine environment. Fish sampling surveys for both coho and chinook are being carried out in four 
main locations through the Strait of Georgia in 2015: in the Cowichan, around Qualicum, Puntledge and 
the lower Fraser River. Given that both hatchery and wild salmon are being targeted, this study focuses 
on a potential combination of 12 species/populations/life history. Due to the uncertainty of the level of 
catch of the various stocks in the marine surveys, additional freshwater sampling is being conducted on 
the east coast of Vancouver Island systems and in the Fraser River to ensure matching samples are 
available from both freshwater and marine surveys. 
 
These studies will be used to gain information on ocean entry time and size, growth (using otoliths, RNA: 
DNA ratios, IGF), bioenergetics, diet (using stomach contents and isotopes), fatty acids (in both 
zooplankton prey and juvenile salmon), presence/absence of competitors and presence of microbes. 
Thus, length, weight, stomach contents (diet), scales, otoliths and DNA samples will be collected. Fish will 
be provided to the genomics lab, blood samples will be taken, and tissues will be stored for contaminants 
analysis. All the juvenile Chinook salmon and coho salmon are scanned for coded-wire-tags (CWT) and 
PIT-tags (Chinook salmon only).  
 
This project will collect complementary and compatible data to an ongoing sampling program in Puget 
Sound. This will provide an opportunity to expand the analyses to both regions and the number of 
populations that are examined simultaneously in regions that are subjected to similar climates but 
differing ocean conditions, and will therefore contribute to enhancing collaborative research between 
Canada and the United States to address a common concern for declining salmon resources. This project 
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will also be coordinated with oceanographic sampling programs within the Salish Sea to obtain relevant 
data on the timing of phytoplankton and zooplankton production, and species composition. 
 
Protocols for the U.S. and Canadian salmon sampling efforts have been shared cross border, and the 
sampling teams communicate about approaches with the focus on ensuring that the results can be 
compared. Regarding size, growth and size-selective mortality comparisons throughout the Salish Sea: 
Canada is assessing the effects of size-selective mortality and ocean entry timing using otolith 
microstructure recorded on the otoliths taken from smolts and juvenile salmon, whereas scale samples 
are predominantly used for this in the U.S. That said, both scale and otolith samples are being collected 
on each side of the border so that results can be calibrated across the Salish Sea (otoliths less so in Puget 
Sound wild Chinook because they are federally protected). Unlike Puget Sound, juvenile coho and Chinook 
salmon appear to migrate rapidly away from the nearshore areas in the Strait of Georgia. Therefore, 
Canada will not rely on an intensive beach seine effort to determine the extent of size-selective mortality. 
Offshore/midwater sampling in the Salish Sea is occurring via trawls and purse seines from April through 
August. Calibrating the collection approaches is not pertinent since both sides are not using CPUE as a 
primary determinant of survival. The CCGS WE Ricker cruises in July and September remain a critical 
component of midwater sampling efforts for the Strait of Georgia and Puget Sound.  
 

 
    Figure 1. Beach Seining Cowichan Bay 

 
Figure 2. Purse seining in Cowichan Bay 

These analyses will be performed in collaboration with the University of Victoria (Francis Juanes-otoliths, 
Rana El-Sabaawi-Fatty Acids, and Asit Mazumder-Stable Isotopes & Fatty Acids), the West Vancouver 
Laboratory (Ian Forster-Fatty Acids), the Pacific Biological Station (Strahan Tucker-Cesium Analyses, Fatty 
Acids & Stable Isotopes, Stewart Johnson-Fatty Acids & RNA:DNA ratio). 
 
Additional sampling beach seining and purse seining event have also occurred to provide additional 
samples for the live PIT-tagging project of BCCF (see above) and for genomics/health studies (see TOP 
DOWN studies).  

 

 

 

 

 
 

Figure 4. Collecting samples (tissues, blood, DNA etc) for genomics and physiology studies  

Figure 3. Sorting fish caught in the purse seine  



PSC 2017 Final Report (Jan 2017-Dec 2017)           Salish Sea Marine Survival Project 2017 

44 

 
Status: 
Their research year end is March 31, 2018.  However, to the end of December 2017 the following has been 
completed. 

a. Completed year 3 of field sampling including freshwater downstream sampling at multiple 
locations on Vancouver Island and Fraser River, beach and purse seining in Cowichan Bay, 
purse seining off BQR and charter trawl surveys in SOG in June and September and Puget 
Sound in July.  In addition, adult returns from ECVI and selected Fraser River stocks were 
sampled for otoliths and scales. 

b. DNA processing and analysis of purse seine samples and trawl samples (in progress). 
c. Fatty acid and stable isotope analyses are ongoing.  Results from 2015 and 2016 fatty acid 

analysis are in review to determine samples from 2017 that require processing.  More detailed 
analysis of results and additional samples as required from 2015 and 2016 will also be 
undertaken in the spring of 2018. 

d. Diet analysis completed for 2016 trawl survey and 80% of the samples from the 2017 trawl 
survey.  Frozen samples from purse seine and beach seine and remaining samples from the 
trawl surveys are currently being examined. 

e. Otolith analysis is ongoing.  The selection of samples being examined is being determined 
from outcomes from FA and SI analysis.   

f. Whole body energy density work in progress using select samples based on distribution. 

Outcomes:  

 The salmon ecology and physiology in the Strait of Georgia study has completed 3 years of 
sampling from juveniles in freshwater through their early months in the ocean and into their 
first fall at sea.  In addition, adult returning coho and chinook were sampled on ECVI and key 
stocks in the Fraser River for otoliths and scales.   

 The field objectives of 2017 were completely met with samples collected over time and. The 
loss of the WE Ricker as a workable platform provided challenges.  In relation to this program, 
it resulted in increased samples having to be frozen for subsequent processing in the 
laboratory.  In addition, it resulted in fishing in Puget Sound only during the summer survey 
period.  However, overall, the surveys were successful; samples were collected including CTD 
and bongo samples for zooplankton.  All critical areas of the Strait of Georgia were covered.   

 DNA for stock analysis has been submitted for a subsample of all marine captured Chinook 
salmon over the three-year period.  Based on DNA results, several stocks of Chinook salmon 
have been identified to conduct more detailed analyses including Cowichan, Big Qualicum 
River, Puntledge, Chilliwack/Harrison and the group of stocks originating from the South 
Thompson.   

 The laboratory analysis examining Fatty Acid (FA) and Stable Isotope (SI) from muscle tissue 
is proceeding.  Focused analysis of the FA analysis from 2015 and 2016 is being used to help 
identify key samples in both the otolith analysis and whole body energy density analysis.  The 
energy density was not part of the original project and costs are currently being covered in 
house.  However, with the discovery of apparent regional differences in hatchery and wild 
rearing areas for some of the Cowichan Chinook salmon, concentrations of specific stocks in 
defines regions of the Strait of Georgia, and differences in survival success of different stocks, 
it was recognized that understanding the condition of the juveniles as they prepare to 
overwinter is essential.   

 Analysis of the diet of Chinook salmon is indicating that the majority of the diet is composed 
of 4-6 key diet items.  However, there is variation in the proportion of these diet items by area 
within the Strait of Georgia and possibly by stock or size of fish.  This analysis is currently in 
progress but results of the initial two years of study are anticipated to be complete by the end 
of June 2018.  Sampling is designed to ensure they have a cross –section of results from all 
surveys by March 2018. 

 Integration of diet and survival data with studies in Puget Sound continues to improve their 
understanding of variability between the basins.  

 The analysis of circuli spacing from otoliths was interrupted due to problems with software.  
This issue was corrected in 2017 and selected samples are currently being processed.  Three 
methods are being used for validation.  (1) Comparison with hatchery otoliths on the day of 
release.  These fish typically move quickly to salt water and are captured at specific intervals 
from days to weeks following.  This narrows the uncertainty of the circuli. (2) Scales were 
collected from the majority of purse seine samples.  Comparing the scale with the otolith can 
be helpful when the saltwater check is vague (3) Otolith chemistry.  A subset of otoliths that 
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they are confident in and those that have a higher degree of uncertainty will be submitted for 
otolith chemistry work.   

 GIS mapping of fish catch, ocean conditions and food production across the Strait of Georgia 
to start informing on the interaction between these metrics.  Over the coming year these map 
layers will be an important component as they move into spatial analysis of stock distribution, 
growth and condition.  

 Initiation of work to incorporate their fish surveys with results from other programs has been 
undertaken.  We are working with researchers from UBC, UVIC as well as other DFO staff to 
begin to examine the relationship of primary productivity through to the juvenile salmon 
growth and survival. 

 Summary of samples collected in 2017: This represents fish that have been sampled or are 
available for sampling in the laboratory.   

 ECVI FW 
juveniles 

Mission 
RST/Fraser 

Cowichan 
(beach 
seine) 

Cowichan 
(purse 
seine) 

BQR 
purse 
seine 

Discovery 
purse 
seine 

July 
Trawl 

Sept 
trawl 

Adult 
returns 

Chinook 470 ~800 465 892 430 16 1196 882 840 

Coho 260 ~300 62 127 145 96 870 523 300 

Chum 100  498 888 707 576 402 296  

Pink 55    7 42 22   

Sockeye    36 104 257 287 54  

Lessons Learned: 
1. The program examining salmon ecology and physiology in the Strait of Georgia is intended to 

be a multiyear program to ensure variability in growth and survival between years and areas 
is captured and contrasted in the results.  Therefore, only preliminary results can currently be 
provided as the analysis and interpretation of all years of data is in the early stages.  However, 
we have initiated collaboration between a number of programs including primary production, 
spring bloom timing, and zooplankton production and abundance in specific regions 
specifically important to juvenile salmon.  We have also initiated preliminary GIS mapping to 
support spatial analysis.  

2. Plankton samples collected from the trawl and purse seine surveys have not been processed 
for 2017.  Zotec Services does not have capacity to process until after March 2018 and IOS lab 
has been at full capacity.  This issue will be resolved over the next 8 months but has resulted 
in some analysis being delayed. 

3. There continues to be a bottleneck in processing samples used by the Molecular Genetics lab 
as well as their program.  We have modified sampling and have retained a subset that will 
remain available to MGL over the next 6 months if they require them but have proceeded 
with the processing of the majority of samples. 

Deliverables 
The deliverables for the project 2017/2018 year are on track to be completed with some delays through 
to June 2018 for all laboratory analysis.  It is anticipated that all key samples will be analyzed by June 2018.  
Additional current sample processing may be undertaken over the coming year if analysis and integration 
of results requires them to be undertaken.  These additional samples are being retained for further testing 
as needed.  In addition, the otolith analysis and whole body density analysis will continue through 2018 
based on results of the fatty acid and stomach content analysis.  

Characterizing juvenile salmon species abundance, growth and habitat use in the Fraser River 
estuary.  
Team: Misty MacDuffee, Raincoast, David Scott, Raincoast, Andy Rosenberger, Raincoast, Lia Chalifour, 
M.Sc. Student, (UVIc), Dr. Josie Iacarella, Post Doctoral Fellow, UVic & Pacific Salmon Foundation 
Budget Category = “JUVENILE SALMON SAMPLING” number 10 on the PSF budget below. 

 
Objective: 
This project will characterize the juvenile salmon species utilizing the Fraser River estuary, including the 
timing of outmigration and sub-basin origin of Chinook fry and smolts; temporal patterns of abundance 
and growth and residency; and determine whether there are differences between wild and hatchery 
juveniles.   
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Background: 
Estuarine habitats provision food and refuge for juvenile salmon during a critical period of growth and 
development. Juvenile salmon from 56 Conservation Units migrate through the Fraser estuary annually, 
yet their timing and habitat preferences are understood only at a very coarse scale. Although the Fraser 
continues to support salmon, the estuary has been highly modified by human activity, and many 
populations are experiencing substantial declines in abundance. Monitoring in the Fraser estuary fills a 
critical gap that will help characterize recruitment and survival patterns of juvenile salmon migrating into 
Georgia Strait and the Salish Sea. The project will provide extensive new quantitative information on 
juvenile salmon presence, timing, use of estuary habitats across the outmigration period, potential 
differences between populations, and between hatchery and wild Chinook. Additionally, Genetic Stock ID 
will provide new and important information on how specific populations use the estuary over various 
spatial and temporal scales 
 
This group are conducting a spatio-temporally extensive juvenile salmon monitoring program throughout 
the Fraser River delta over the course of a year. They will survey salmon at 22 sites across Roberts and 
Sturgeon Banks, which encompass three habitat types. Sites will be sampled biweekly during the 
outmigration using beach and purse seine methods. Non-lethal fin clips will be taken from juvenile 
Chinook for genetic stock ID and a subsample retained for otolith analysis. They will determine (1) the 
population origin and growth rate of Chinook fry and smolts across the estuary and the outmigration 
season, (2) the outmigration, residency time, and size of juvenile salmon species, and (3) the occurrence 
and abundance of juvenile salmon species between Banks and habitat types in relation to abiotic and 
biotic variables.  
 
Status: 
In year one (2016), they surveyed fish communities at 17 sites that span the Fraser estuary across Roberts 
and Sturgeon banks, encompassing three habitat types: marsh channels, eelgrass and sand flats. Sampling 
was conducted using a beach seine (20m x 2m) at marsh sites and a purse seine (40m x 4m) at eelgrass 
and sand flat sites. Sites were sampled biweekly during the outmigration period from late March to mid-
July and again in September and October. In 2016 they captured 33,441 fish of 40 species with the greatest 
total abundance and diversity in eelgrass, followed by sand flat and marsh habitats. They captured 725 
juvenile salmon, the majority juvenile Chinook (n=516) in marsh habitats (n=437). They collected 289 
juvenile Chinook fin clips for genetic stock identification, and extracted 191 Harrison Chinook otoliths for 
growth analyses. 

In 2017, they added three fyke net sampling sites around Woodward Island, and conducted sampling 
rounds bi-weekly from mid-March until mid-August for a total of 8 full rounds and 45 sampling days. This 
year they captured 27,622 fish across their 20 sites, including 8,244 juvenile salmon. While they captured 
the majority of the salmon using their fyke net (6,404), they also captured a large number of juvenile 
salmon in the eelgrass (716) and on the sand flats (140) using their purse seine. This is a substantial 
increase from last season. This has allowed them to collect a total of 548 fin clips for genetic stock 
identification from juvenile Chinook. 

Trends and Conclusions 
Their research has already begun to provide new population-specific information for juvenile Chinook in 
the Fraser estuary. In both 2016 and 2017 ocean-type Chinook identified as Harrison origin made up the 
majority of their genetic samples, arriving the earliest near the end of March, and continuing until mid-
July in 2016 and mid-June in 2017. Harrison Chinook also arrive the smallest with individuals captured 
generally increasing in fork length over the season, potentially indicating estuarine growth. Preliminary 
data from their otolith analyses support this, with residency from a subset of fish ranging from 8 – 26 days 
(avg. 17.57). Harrison Chinook are by far the most abundant and made up most of the genetic samples 

 
Figure. 1 General location of their field sites in the Fraser estuary, E1-6 eelgrass sites, F1-3 fyke net sites, M1-5 = marsh sites 
and SF1-6 = sand flat sites.  
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Figure 2. Their three fyke net sites on Woodward Island just prior to the main channel of the South Arm, which are the same sites 
studied by Levy and Northcote (1982). 

 
Figure 3. Their fyke net set at Site F3 in March 2017. The net is set at high tide.  Once the tide has fallen to ~0.5m depth in the 
channel (3-5 hours later), the net is seined (to capture any fish directly in front of the net), and then all fish are then funneled into 
trap, and retrieved.  

during peak catches in April and May. Juvenile Chinook identified as Chilliwack and Stave River origin also 
arrive in late April or early May and in smaller numbers than the Harrison stock but very similar in fork 
lengths. Conversely, ocean-type Chinook from the South Thompson CU were not captured until late June 
in both years, arriving in the estuary in the 60 – 80 mm fork length range and were last detected in mid-
July in both years. Although they have captured Chinook from stream-type populations including Bowron, 
Clearwater, Deadman, Dome, Goat, Horsefly, and Little Cariboo, they have generally been in very low 
abundances. Of the estuarine habitats available, Chinook salmon particularly utilize the marsh channels. 
In 2017, they saw more salmon and fewer other fish, and noticed a slight increase in their salmon catch 
in the eelgrass habitat. While their salmon catch remained greatest in the marsh, it appears that other 
estuarine and nearshore habitat types are utilized in high density years.  

 
Population # Captured Conservation Unit First  Capture Last  Capture Min fl  

(mm) 
Max fl  
(mm) 

Year 2016 2017  2016 2017 2016 2017 2016 2017 2016 2017 
Bowron 3 0 CK-12: Upper Fraser – spring 

timing 
Apr 
16 

NA Apr 
30 

NA 84 NA 90 NA 

Chilliwack@Stav 11 25 CK-03: Lower Fraser – fall 
timing (white) 

May 
1 

Apr 18 May 
29 

Jun 20 45 31 71 93 

Chilliwack_F 34 89 CK-03: Lower Fraser – fall 
timing (white) 

May 
2 

May 2 Jul 
10 

Jul 10 51 35 122 108 

Deadman 1 0 CK-17: Lower Thompson– 
spring timing – age 1.2 

May 
1 

NA NA NA NA NA 115 NA 

Clearwater 0 1 CK-19: N. Thompson – 
summer timing – age 1.3 

NA May 
31 

NA NA NA NA NA 106 

Cowichan 0 1 CK-22: East Van. Island – 
Cowichan & Koksilah 

NA Jun 19 NA NA NA NA NA 94 

Dome 1 0 CK-12: Upper Fraser – spring 
timing 

May 
2 

NA NA NA NA NA 83 NA 

Goat 1 0 CK-12: Upper Fraser– spring 
timing 

Apr 
27 

NA NA NA NA NA 90 NA 

Harrison 218 309 CK-03: Lower Fraser – fall 
timing (white) 

Mar 
29 

Mar 31 Jul 
15 

Jun 20 39 38 106 101 
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Horsefly 4 0 CK-10: Middle Fraser – spring 
timing 

May 
1 

NA May 
12 

NA 85 NA 93 NA 

L_Cariboo 0 5 CK-11: Middle Fraser – 
summer timing 

NA May 4 NA May 19 NA 79 NA 131 

Little_River 0 24 CK-13: S. Thompson– 
summer timing – age 0.3 

NA May 
30 

NA Jul 12 NA 41 NA 71 

McGregor 0 1 CK-12: Upper Fraser – spring 
timing 

NA May 
17 

NA NA
  

NA NA NA 115 

Nechako 2 0 CK-11: Middle Fraser – 
summer timing 

Jun 
13 

NA NA NA 77 NA 82 NA 

Slim_C 0 14 CK-12: Upper Fraser– spring 
timing 

NA May 6 NA May 19 NA 66 NA 110 

South_ 
Thompson 

6 26 CK-13: S. Thompson– 
summer timing – age 0.3 

Jun 
25 

Jun 20 Jul 
13 

Jul 13 65 60 76 73 
 

Stuart 2 1 CK-11: Middle Fraser– 
summer timing 

Apr 
27 

May 
19 

Apr 
30 

NA 95 NA 115 116 

Thompson_ 
Lower 

4 15 CK-13: S. Thompson– 
summer timing – age 0.3 

Jun 
10 

Jun 16 Jul 
11 

Jul 11 64 56 87 86 

Table 1. Genetic stock identification of juvenile Chinook captured in the Fraser estuary including date of first and last capture in 
each year and minimum and maximum fork lengths in each year. 

 

 

 

Figure 4. Mean number of juvenile Chinook (a,b) and chum (c,d) captured by purse seine and beach seine on each sampling 
occasion by habitat type in 2016 (a,c) and 2017 (b,d). 

 

 

Fig 5. Mean number of juvenile Chinook (a) and chum (b) captured in tidal marsh channels by fyke net on each sampling occasion 
in 2017. 
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Variation in juvenile Cowichan River Chinook salmon distribution, diet, and growth rate in 
relation to tidal mixing and water column stratification: validation of a novel high spatial and 
temporal resolution approach utilizing microtrolling and RNA:DNA ratio based growth rate 
indices  
Team: Francis Juanes - Fisheries Ecology and Marine Conservation Group, Department of Biology, 
University of Victoria, Will Duguid MSc – PhD Student - Fisheries Ecology and Marine Conservation Group, 
Department of Biology, University of Victoria  
 
Budget Category = “JUVENILE SALMON SAMPLING” numbers 11a and 11b on the PSF budget provided 
below. 

Objective: 
To assess the distribution, diet and growth of juvenile Cowichan River Chinook salmon at high spatial and 
temporal resolution from July to October of their first marine summer. Systematic sampling of fish and 
biophysical oceanographic parameters at sites with differing degrees of tidal mixing and water column 
stratification will test whether Cowichan Chinook salmon utilize biological “hot spots.” 
 
Background: 
The complex topography of the Salish Sea results in dramatic spatial variability in water column 
stratification and mixing. This variability, and how juvenile Coho and Chinook salmon respond to it, may 
modulate the effects of bottom up and top down regulators of survival during the first marine year.  
Despite this, studies of juvenile Chinook and Coho salmon in the latter part of their first marine summer 
have generally been conducted at a relatively coarse spatial (and temporal) scale, partly due to the high 
cost and logistical challenges of current sampling methods (Trawl and Purse Seine). This project uses 
modified recreational fishing gear (microtrolling) to economically assess the distribution, diet and growth 
of juvenile Cowichan River Chinook salmon at high spatial and temporal resolution from July to October 
of their first marine summer.  Systematic sampling of fish and biophysical oceanographic parameters at 
sites with differing degrees of tidal mixing and water column stratification will test whether Cowichan 
Chinook salmon utilize biological “hot spots.” This project complements the PIT tagging based Cowichan 
Chinook salmon cohort survival study led by BCCF through the application of PIT tags to juvenile Chinook 
salmon (see above). They will also assess the feasibility of using RNA to DNA ratios as a non-lethal method 
to derive an index of the recent growth rate of individual juvenile Chinook salmon in the field. A controlled 
laboratory study will be used to calibrate the RNA to DNA ratio based growth rate index, and will also 
facilitate calculation of medium term PIT tagging associated mortality and tag retention estimates.  

The results of this study will refine the ability of Salish Sea researchers to address two overarching 
hypotheses regarding juvenile Pacific salmon survival. These correspond to hypotheses 12 and 13 in US 
Salish Sea Technical Team (2012): 

12. Food supply limits growth, and thus survival, during critical periods of early marine rearing 
(including Hypothesis 12c – that growth is limited by the metabolic effects of temperature); and 
13. Predation on juvenile salmon (by birds, seals, and/or marine fish) has increased. 
 

The monitoring approaches to test these hypotheses (eg. zooplankton and icthyoplankton surveys to 
assess food availability and predator diet and telemetry studies to assess predation pressure) are only 
valuable if they can be linked to habitat use by juvenile salmon in space and time. This work will test a 
number of specific hypotheses that will help to refine these linkages: 

1. Epipelagic habitat in the Salish Sea varies at fine spatial scales (10s to 1000s of meters) in 
temperature profile (stratification), food (zooplankton) availability, and ability to support growth 
of juvenile Chinook and Coho salmon; 

2. Juvenile Chinook and Coho salmon in the latter part of their first summer at sea are significantly 
more abundant in epipelagic habitat that supports more rapid growth (biological hotspots); 

3. Juvenile Chinook salmon occupying such biological hotspots grow faster than those in lower 
quality epipelagic habitat; and 

4. Depth distribution of juvenile Chinook and Coho salmon differs between areas with differing 
water temperature and degree of water column stratification, potentially reflecting trade-offs 
between foraging success and optimal metabolic rates. 

 
To support field work to test the hypotheses above, they will also conduct a controlled laboratory study 
to assess the value of RNA:DNA ratios as an index of growth in juvenile Chinook salmon; testing the 
following hypotheses: 

5. Accurate and repeatable RNA:DNA ratios can be obtained from juvenile Chinook salmon in their 
first marine summer using a non-lethal muscle biopsy;  

6. These RNA:DNA ratios are strongly correlated with recent individual specific growth rates; and 
7. The relationship between RNA:DNA ratios and recent specific growth rate is as strong as, or 

stronger than, the relationship between growth rate and insulin-like growth factor (IGF-1) 
concentration. 
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If they are successful in obtaining good RNA:DNA growth rate index data for a significant sample of PIT 
tagged fish, this will add value to the BCCF PIT tagging based cohort study by allowing the researchers to 
test if: 

8. Growth rate of juvenile Chinook salmon during the latter part of the first marine summer is related 
to the likelihood of surviving to adulthood. 
 

Status: 
Current work on this project is funded through a six unit, two-year MITACS/PSF Accelerate fellowship to 
Will Duguid.  The fellowship began on May 1 2017. This work is focused on three primary objectives, to 
be worked on concurrently. Progress on these three objectives is outlined below.  
 
Objective 1: Assess whether distribution, diet, and growth of juvenile Chinook Salmon varies predictably 
with fine scale physical and biological oceanography within the Southern Gulf Islands of the Salish Sea 
(field data collected in 2015 – proposed work consists of analysis, reporting and synthesis with other 
SSMSP projects).  
 
Sample processing for this work (zooplankton and stomach contents) is largely complete. In the MITACS 
proposal, writing up this work was to occur during the summer and fall of 2017. The addition of new 
components to the project (see below) is occupying resources at the moment and progress on this 
objective may be delayed until spring 2018. 
 
Objective 2: Elucidate the mechanisms and possible survival implications of utilization of tidally mediated 
foraging hotspots by juvenile Chinook Salmon (most field data collected in 2015 and 2016 with some 
additional data to be collected in 2017 –  proposed work consists of analysis, reporting and synthesis with 
SSMSP projects). 
 
Analysis of samples from 2016 (zooplankton, stomach contents, scale samples) is ongoing. A research 
assistant will be hired using MITACS research funds to support this work. Additional components have 
now been added to this objective, the planned deployment of cameras to monitor seal activities at Mill 
Bay and Sansum Narrows will likely be dropped from the program to make way for these additional 
components. Additions are: 
 
They applied to ASL research services and won second prize in their early career scientist competition for 
use of a four frequency, vessel mounted Acoustic Zooplankton Fish Profiler. This instrument will be 
integrated into their planned 2017 zooplankton and hydroacoustic sampling (6-10 days) in Sansum 
Narrows and Maple Bay to characterize tidal patterns of zooplankton and forage fish (age-0 herring) 
distribution as they relate to patterns of salmon CPUE characterized over the last two years.  
 
They are now collaborating with Kintama Research on a project to tag microtroll-caught ocean age-0 
Cowichan Chinook salmon in September of 2017. These fish will be double tagged with acoustic tags and 
PIT tags to allow resolution of local movement patterns and lifetime survival. Their role will be primarily 
project planning, fish capture, and local tracking. They have secured the loan of a VEMCO VR-100 deckbox 
receiver and hydrophones from SSMSP partners with WDFW at no cost. Planning for this work is currently 
a main focus of the intern.  
 
Objective 3: Develop and validate a method to use long term averages of temporally sparse but spatially 
high resolution remote sensing data (Landsat TIR) to index juvenile salmon habitat quality (convergent 
front probability and water column stratification), and relate this index to CPUE and growth (IGF-1) of 
juvenile Chinook Salmon caught in trawl surveys. 
 
Beyond discussions with collaborators, no progress has yet been made on this objective or is planned in 
the short term.  
 
Additional: Over the first two months of the internship they have been devoting considerable time to the 
preparation of a manuscript on the history, recent abundance and distribution of Northern Anchovy in 
the Salish Sea. This grew out of observations by SSMSP collaborators over the years of the program. This 
manuscript was submitted to Deep Sea Research II and published. This was not part of their core MITACS 
proposal but falls clearly within the objectives of the SSMSP.  
 
Timeline 
2014: Microtrolling feasibility study + contribution to BCCF PIT tag study 
2015: Microtrolling/Zooplankton/Physical Oceanography to investigate July-October diet, distribution and 
growth at 5 sites in southern Gulf Islands (Saanich Inlet, Cowichan Bay, Sansum Narrows, Satellite Channel, 
Maple Bay + contribution to BCCF PIT tag study 
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2015: Laboratory study to compare alternative indices of recent growth for Chinook Salmon (RNA:DNA 
ratio, IGF-1, Circulus Spacing) 
2016: Comparison of Sansum Narrows and Maple Bay as a case study of fine scale habitat use, August to 
October: Microtrolling, Zooplankton sampling and hydroacoustic surveys through a tidal cycle (one day 
each site); seal counts; seal scat sampling + contribution to BCCF PIT tag study 
2017: Continued comparison of Sansum Narrows and Maple Bay as a case study of fine scale habitat use: 
Acoustic Zooplankton and Fish Profiler surveys coupled to depth-stratified zooplankton sampling through 
a tidal cycle (6 days); Participation in Kintama Acoustic tagging study (fish capture and mobile tracking 
with seal counts) + limited contribution to BCCF PIT tag study 
 
Key Findings 

 Size and growth rates of juvenile Chinook salmon were very similar in 2015 and 2016 but much 
lower in 2014. Limited data were collected in 2017 but size appeared more similar to 2014 than 
2015/16 

 Depth distribution differed by year with juvenile Chinook deeper in 2015. Juvenile Cowichan 
Chinook were distributed shallower than some other stocks.  

 Diet items most important by frequency of occurrence and weight proportion are brachyuran crab 
megalopae and zoeae. The most important megalopae are Cancer productus (red rock crab) and 
Lophopanopeus bellus (black claw mud crab). Hyperiid amphipods are another important prey 
group, and in 2015 Hyperoche sp. were the most important prey species by weight and frequency 
of occurrence. This species was less common in diets in 2016 but Themisto pacifica was more 
common. The large, parasitic (on jellyfish) species Hyperia medusarum was consumed in all years. 
Similarity of nematocysts in the guts of Hyperia collected from Chinook stomachs and from fried 
egg jellyfish Phacellophora camtschatica, suggests Hyperia consumed by Chinook had recently 
resided on fried egg jellyfish.  

 Fish were also important in diets by weight if not by frequency of occurrence. Large fish prey were 
almost entirely herring. Larval fish and other small juvenile fish were relatively rare in diets. Due 
to the large size of individual prey, herring were ~30% of diet by weight in 2015 but had only a 5% 
frequency of occurrence, over all years frequency of occurrence ranged from 2-7%. 

 Herring are consumed by larger juveniles, which show evidence of more rapid growth (scale 
circulus spacing). Herring in guts are likely close to the threshold size for consumption. Smaller 
Chinook may not have access to herring and fall behind in growth. Chinook with empty stomachs 
were also often larger and showed evidence of faster growth. This could be a sampling artifact 
(perhaps Chinook feeding on fish are more likely to regurgitate completely during capture?) or 
could be due to the need of piscivorous Chinook to maintain an empty stomach to provide room 
for individual very large prey.  

 Juvenile Chinook Salmon foraging (as indicated by microtrolling CPUE) is at times structured at 
fine spatial and temporal scales. In their study region this appears to be driven by tidal processes.  

 Diet and growth of Chinook salmon varied predictably between closely adjacent sites (Maple Bay 
and Sansum Narrows), even when only Cowichan origin Chinook are considered. At Sansum 
Narrows Chinook were larger, faster growing, and more piscivorous. 

 Larger fish occur at places and times (Sansum Narrows on Flood Tide) where herring schools are 
present (sonar/AZFP preliminary data), seals may also be more abundant at these places and 
times (tentative data at this point).  

 Based on 2015 data, small zooplankton prey were abundant in July and August but declined to 
very low levels in October. Concurrently CPUE declined at sites with initially high plankton 
densities (Cowichan Bay and Maple Bay). 

 Based on 2015 data, fish and euphausiids became more important in diets over the course of the 
summer and decapods became less important by fall.  

 In 2014-16 did not detect evidence of declining hatchery proportion over time, reduced growth 
in hatchery fish, or declining abundance overall. This contrasts with results of Beamish et al. 
(2012) and with PIT tag results which suggest lower survival of microtroll-caught hatchery fish to 
return. Taken together this suggests that critical periods occur very soon after ocean entry or 
during first winter, but not in summer/early fall. 

 RNA:DNA ratio not as informative as IGF-1 as an index of recent growth. Scale circulus spacing is 
probably just as good and provides benefits of including early growth trajectory information and 
logistical simplicity. 

 Mobile tracking results for acoustic tags suggest different habitat use by fish tagged at Maple Bay 
and Sansum Narrows, consistent with observed differences in size and growth.  
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 Mobile tracking of acoustic tags also suggests some fish may utilize spatially restricted areas (eg. 
within Maple Bay) for extended periods (up to at least two weeks); other fish are moving 
considerable distances daily but staying within the same general region. Within their study area 
this means some fish are passing repeatedly through Sansum Narrows, an area of higher seal 
abundance. 

 Some PIT tagged fish and acoustic tagged fish were consumed by seals  

Acoustic Tagging Studies 

A Study to Measure Fine-scale Movements and Residency of Free-Ranging Salmon Smolts near 
Okisollo Channel Salmon Farms 
Team: KINTAMA, Dr. David Welch, Dr. Erin Rechisky, Paul Winchell 
Budget Category = “ACOUSTIC TRACKING” number 4a on the PSF budget provided below. 

Objectives: 
To establish what proportion of juvenile salmon encounter farms and thus are potentially at risk, they will 
conduct an experiment to investigate the following:  

• preferred migration route of sockeye salmon through the Discovery Islands (proportion of 
sockeye smolts choosing each route);  

• residence time in Hoskyn and Okisollo Channels; and   
• survival of smolts migrating through the various routes in the Discovery Islands (east of Quadra 

Island-Okisollo Channel or west of Quadra Island -Discovery Passage).   
 
They will also measure exposure:  

• exposure level (near-field or proximal) for receivers placed near three or more Okisollo Channel 
fish farm tenure sites; and  

• exposure time at each exposure level.   
 

Background: 
Earlier research indicated that sockeye primarily migrate out of the Strait of Georgia using the northern 
exit and that survival was lower in the area lying between Texada Island and northern Queen Charlotte 
Strait than in the Strait of Georgia, which has important implications if correct.  However, these findings 
were limited because (1) only two-year-old sockeye smolts were studied, and (2) survival in the northern 
region included a composite of three areas: (a) the Strait of Georgia north of Texada Island, (b) the 
Discovery Islands & Johnstone Strait, and (c) Queen Charlotte Strait (including the Broughton 
Archipelago). It is unclear whether these earlier findings also applied to one-year-old smolts, or whether 
lower survival rates in the north might be caused by elevated mortality rates in the most northern part of 
Strait of Georgia or further north in the region containing fish farms.    

In 2015 Kintama designed and deployed two new subarrays intended to allowing tracking one-year old 
sockeye smolts.  Tests indicated that the new design allowed tracking of 180 kHz tagged one-year old 
smolts with acceptably high detection efficiency, and also yielded comparative survival estimates for 
smolts migrating east and west of Quadra Island.  The results suggest that steelhead smolts travelling east 
of Quadra, through the maze of waterways including fish farms, had lower survival than smolts travelling 
west of Quadra via Discovery Passage.  In 2017, they proposed to deploy temporary subarrays in Hoskyn 
& Okisollo Channels, and develop data on smolt residence times and survival rates in this region and 
establish telemetry equipment performance that can be used to inform a scale-up to a larger tracking 
array in future.  The results should be useful for refining a proposal, TEFFS, that can be used to rigorously 
test whether fish farm exposure reduces smolt survival as well as provide further biological insight into 
the marine ecology of sockeye smolts in southern British Columbia waters. 
 
Status: 
Receiver deployment 
On May 8-9, 2017, they deployed acoustic receiver moorings in Okisollo Channel (n=7; Error! Reference 
source not found.; Error! Reference source not found.), Hoskyn Channel (n=6), and two possible “escape 
routes” at Hole in the Wall (n=2) and White Rock Pass (n=1).  Two of the seven Okisollo acoustic mooring 
were placed within fish farm tenures after consultation and with permission from fish farm companies. 
One mooring was placed within the Brent Island fish farm tenure and another was placed with the Venture 
Point tenure. Both facilities are owned by Cermaq.  

Recovery of Hoskyn and Okisollo Channel moorings  
Three months after deployment (August 5-6th), they recovered 13 of the 16 acoustic receiver moorings. 
Two moorings (one from Hoskyn Channel and one from White Rock Pass) were found on local beaches by 
members of the public on June 6th and May 25th, respectively, and returned to Kintama (Error! Reference 
source not found.). The third mooring, also from Hoskyn Channel was not recovered or found. Neither of 
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the found units contained detections of migrating sockeye because they were displaced before the 
migration and thus they considered them non-operational. They presume all three were displaced from 
their deployed locations by fishing activities. 
In addition to recovering of the receiver moorings in Hoskyn and Okisollo Channels, on Sept 14-16th they 
uploaded data from the semi-permanent receivers deployed at the entrance to the Discovery Islands at 
Discovery Passage, Sutil Channel, and Desolation Sound (Error! Reference source not found.). Detection 
data from all 35 positions was successfully uploaded. 

 
Figure 5. Extent of the acoustic tracking array in 2017.  

 
Figure 6. Receiver deployments in the Discovery Islands area in 2017. Closed red circles represent receivers that were fully 
operational during the study period; open red circles represent receivers that were not operational (due to displacement by 
fishing activities). 

Data analysis 
Salmon farm exposure 
To estimate the amount of time acoustic-tagged juvenile sockeye spent in the vicinity of fish farm tenures 
located in Okisollo and Hoskyn channels, they calculated near-field and far-field exposure based on the 
detection times of individual fish.  They defined near-field exposure as the cumulative amount time a fish 
was detected on the individual moorings deployed within the Brent Island or Venture Point salmon farm 
tenures. Note that all of the farms in the Hoskyn and Okisollo Channel were fallowed at the start of the 
study. Fish were stocked at Brent Island and Venture Point farms on June 18-22 and June 24-26, 
respectively.   
They calculated near-field exposure as the interval between the first and last detections at each farm 
within a passage event. Because fish may move in and out of receiver range, they used 15 minutes as the 
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silent interval between detections defining a new passage event. When multiple passage events occurred, 
they were summed for total near-field exposure time at each farm site. Fish that were detected only once 
at a farm (n=4) were identified as ‘exposed’, but with exposure time of zero minutes. Because the 
detection range of the V4 tags is less than that of the V7 tags (~80 m vers. ~300 m), the near-field exposure 
distances varies by tag type. 
They calculated far-field exposure on two scales. First, they used the residence time between the first 
detection in Hoskyn Channel and the last detection in Okisollo Channel which is a distance of ~25 kms. 
Fish that take this path pass seven salmon farms tenures (two of these were south of the Hoskyn Channel 
sub-array). Secondly, they calculated the residence time between the east and west lines of the Okisollo 
Channel sub-array (4 kms). In Okisollo Channel there are three salmon farms between Okisollo East and 
Okisollo West receivers.      
Exposure results 
At Venture Point farm, 17 juvenile sockeye were detected and the median exposure time was 4.5 minutes. 
All but one was detected during a single passage event of less than 15 minutes. At Brent Island farm, 13 
sockeye were detected and the median exposure time was 4.2 minutes. All fish passed during a single 
event of less than 25 minutes. Fish 64251 (V7 transmitter) was a notable exception because it was 
detected near the Venture Point farm for just over an hour, and for 17 minutes near the Brent Island Farm. 
This was also the only individual that had detection gaps longer than five minutes in its detection sequence 
(gaps of just over 5 min, 11 min, 27 min, and 1.75 days). They removed gaps longer than 15 minutes from 
the calculations of near-field exposure time, but the nearly two days which this fish spent milling in 
Okisollo Channel are included in the far-field exposure calculations. These gaps reflect an extended 
presence in the region of the Okisollo subarray but beyond the probable detection range of the V7 tags 
by an individual receiver (ca. 300 m). 
Far-field exposure averaged 31 hours over the 25 kms between Hoskyn and Okisollo channels, and 6 hours 
over the four kms between the east and western lines in Okisollo Channel (Figure 8). As with the near-
field results, fish 64251 accounted for some of the longer exposure times (62 and 46 hrs respectively).  
Another individual (fish 45431) also moved slowly in both zones (101 and 57 hrs), and two other 
individuals resided somewhere within Hoskyn and Okisollo channels for over 50 hours but passed more 
rapidly through the area spanned by the area monitored by the Okisollo receivers (2 and 11 hrs). 
 

 
Figure 7. Near-field exposure time to fish farms (FF) calculated for migrating juvenile sockeye as the 
interval between the first and last detections at the Venture Point and Brent Island salmon farms within a 
single passage event. The dotted line shows the median exposure time at each farm. 

 

 
Figure 8. Far-field exposure time to salmon farms calculated for migrating juvenile sockeye as the interval 
between 1) the first detection in Hoskyn Channel and the last detection in Okisollo Channel, and 2) the 
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first detection at the eastern line in Okisollo Channel and the last detection on the western line. The dotted 
line shows the median exposure time. 

Route selection 
They used the detection sequence for each fish to provide preliminary data on the proportion of the smolt 
run using each migration route. First, they estimated the number that migrated through Discovery 
Passage, Sutil Channel, or Desolation Sound. Second, where these transitions were possible (i.e. for those 
fish that were detected or were assumed to have used Sutil Channel or Desolation Sound) they further 
divided the routes to estimate the numbers that migrated either through Hoskyn/Okisollo Channel, or, by 
process of elimination, further east via Calm Channel and southern Cordero Channel (hereafter referred 
to as Calm Channel). A number of individuals (n=5 or 6) also entered Okisollo Channel through Hole-in-
the-Wall so they identified this as a separate route. The receiver deployed in White Rock Pass was 
displaced so they do not know whether fish used this pathway. They then calculated the percentage of 
fish taking each route as the estimated counts divided by the total number of fish detected in the 
Discovery Islands area (Discovery Passage, Desolation Sound, and Sutil, Hoskyn, Okisollo, and Hole-in-the-
Wall channels).  
Because Calm Channel was not instrumented with receivers, they assumed fish used this route if they 
were not detected in the Discovery Islands area after crossing either Sutil Channel or Desolation Sound 
sub-arrays.  Although some individuals may have entered Hoskyn and Okisollo Channels undetected, they 
believe the assumption is reasonable because only three fish were detected in Okisollo Channel without 
previous detection (i.e. the detection efficiency was ~90% across the three channels that access Okisollo 
Channel from the south [Hoskyn Channel, White Rock Pass, and Hole-in-the-Wall]) even though the 
receivers deployed in White Rock Pass were non-operational.  
 
Route selection results  
Of the 97 fish detected in the Discovery Islands area, the majority migrated north over Sutil Channel (51%), 
followed by Discovery Passage (33%), and the Desolation Sound (15%; Table 2).  For those that used Sutil 
Channel, about half took Hoskyn and Okisollo channels with the other half taking Calm Channel by process 
of elimination. For those that migrated through Desolation Sound, most probably took Calm Channel 
(60%), but a surprising number entered Okisollo Channel through Hole-in-the-Wall Channel (27%). 
Survival to Johnstone Strait did not vary greatly by route. Survival estimates will be estimated as part of 
the Hinch et al. SSMSP project.   

 
Table 2. Count of migrating juvenile sockeye that are estimated to have taken each route through the Discovery Islands and the 
numbers that survived to be detected in Johnstone Strait (JS). The percentages taking each route are calculated relative to the total 
numbers detected in the Discovery Islands area (n=97).  The percentages surviving to Johnstone Strait are calculated relative to 
the number taking each route. Hole=Hole-in-the-Wall.  

 
Primary route Secondary route (from primary to JS) N % 

 
Survived to JS  
N %        

Discovery Passage NA 32 33 
 

17 53        
Sutil Channel 

 
49 51 

 
20 39  

Sutil to Okisollo via Hoskyn 25 26 
 

12 48  
Sutil to Okisollo via Hole 1 1 

 
0 0  

Sutil to Calm1 22 23 
 

7 32  
Unknown2 1 1 

 
1 100        

Desolation Sound 
 

15 15 
 

8 53  
Desolation to Okisollo via Hoskyn 1 1 

 
1 100  

Desolation to Okisollo via Hole 4 4 
 

4 100  
Desolation to Calm1 9 9 

 
3 33  

Unknown3 1 1 
 

0 0        
Unknown 

 
13 NA 

 
12 NA  

Undetected until Johnstone Strait4 12 
  

12 
 

 
Okisollo via Hole5 1 

  
0 

 

1 We assumed that fish detected in Sutil Channel but not subsequently detected migrated north through Calm Channel (see 
Assumptions). 
2 This fish was detected in Hoskyn and Okisollo channels before returning to Hole-in-the-Wall Channel. We assume it crossed over 
Sutil Channel (see Assumptions), but it is unknown if it actually exited Okisollo Channel via Hole-in-the-Wall. 
3 Last detection was in Hole-in-the-Wall Channel indicating this fish either entered Okisollo Channel or continued north via Calm 
Channel. 
4 These fish were not detected in the Discovery Islands area, but are known to have passed through because they survived to 
reach Johnstone Strait. 
5 This fish crossed either Sutil Channel or Desolation Sound to reach Hole-in-the-Wall and then Okisollo Channel. 
 
Mortality, Movements, and Migration Timing of Age-0 Cowichan Chinook Salmon Tagged in the Southern 
Gulf Islands in Fall 
Team: KINTAMA, Dr. David Welch, Dr. Erin Rechisky, and Will Duguid, UVic 
Budget Category = “ACOUSTIC TRACKING” number 4and 4b on the PSF budget provided below. 
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Objectives: 
Short term objectives:  

• Determine residence time of hatchery and wild Cowichan Chinook salmon in the southern Gulf 
Islands  

• Estimate early marine survival of hatchery and wild Cowichan Chinook salmon in the southern Gulf 
Islands between September of their first year of sea to March of their second year  

• Determine residence time of hatchery and wild Cowichan Chinook salmon in the Salish Sea  
• Estimate juvenile survival of hatchery and wild Cowichan Chinook salmon in the Salish Sea  
• Evaluate fine-scale movements of hatchery and wild Cowichan Chinook salmon in the established 

study system of Maple Bay and Sansum Narrows  
• Estimate seal-related mortality of hatchery and wild Cowichan Chinook near main seal haulouts 

within the Gulf Islands  
  
Long term objectives:  
Estimate smolt to adult return rate using the PIT tag detections from double tagged Cowichan Chinook. 
They expect mature fish to return to the Cowichan River in 2018, 2019 and 2020.   
 
Background: 
Neville et al. (2015) report results for two studies in which a combined total of 70 juvenile Chinook Salmon 
were acoustically tagged in the Southern Gulf Islands in July of 2008. Only one of these fish was ever 
detected again, leaving the Salish Sea through the Strait of Juan de Fuca, leading the authors to conclude 
that very high mortality of these juvenile Chinook Salmon occurred within the Salish Sea.  
 
Microtrolling conducted by the University of Victoria (Will Duguid et al.) from 2014-2016 in the Southern 
Gulf Islands near Cowichan Bay has suggested that Juvenile Chinook Salmon are abundant in this area 
through September before abruptly disappearing in October. In 2014-2016, 60-65% of juvenile Chinook 
caught by UVic crews in late summer and fall were of Cowichan River origin; (Duguid, unpublished data). 
Average fork length of Cowichan-origin fish in September was 158 mm in 2014, 190 mm in 2015, and 195 
mm in 2016. Juvenile fish  ≥140mm are candidates for double tagging with a low power V9 acoustic tag 
and a PIT tag, while juveniles >170mm FL are capable of being tagged with a high power V9, and juveniles 
≥180mm FL can be implanted with a very long-lived high power V9 tag. The V9 tag has considerable 
programming flexibility which determines detection range, tag life, and therefore array costs. Roughly 
speaking, high power V9 tags have about an 800m detection range from receivers and low power tags 
have a 400m detection range.  Kintama has substantial experience with these tags which they have 
implanted into Cultus and Sakinaw Lake Sockeye, and successfully measured the entire survival post-
tagging until adult return 2 years later.   
 
This project aimed to double tag 50 age-0 Chinook captured by microtrolling with both a PIT tag and high 
power V9 acoustic tag in fall (early Sept-early October) of 2017.  A total of seven receiver moorings in the 
southern Gulf Islands (three sub-arrays) were to be deployed in the approaches to Cowichan Bay. Mobile 
tracking was be used to monitor fish movements and fate within the Southern Gulf islands. Fish tagged in 
this study may also be detected at arrays in Northern Strait of Georgia, Discovery Islands, Johnstone Strait, 
Queen Charlotte Strait and Juan de Fuca Strait.  
 
Objectives were to determine residence time (time to exit) and survival with high confidence using high 
power tags. The broader Discovery Island & Ocean Tracking Network receiver arrays would then measure 
residence time and survival in the Salish Sea and direction of exit (Queen Charlotte Strait/Juan de Fuca 
Strait). The use of high power tags with a nominal five-month battery life would provide high probability 
of detection of fish by these arrays through at least mid-February of 2018.  
 
The additional PIT tags in these fish will allow for identification of survival to adult river entry when these 
fish return to their natal river, and return timing which can be determined from the PIT tag array installed 
in the lower Cowichan river.  Finally, using the smolt to adult return rate (SAR) for Cowichan Chinook, they 
could indirectly determine early marine survival during the first summer in the Cowichan Bay area. This 
approach would therefore parse out the stage-specific survival of Chinook smolts for the entire migratory 
life history of Chinook, the first time this will have been done anywhere.    
 
Mobile tracking of live fish near the tagging site (Southern Gulf Islands) would provide a direct test of the 
hypothesis of tidally mediated use of foraging hotspots that has been investigated and supported by 
microtrolling work conducted by UVic from 2014-2016. Mobile surveys for stationary tags near seal haul-
outs throughout the Gulf Islands would also facilitate assessment of intensity of seal predation, as has 
been done for Steelhead in Puget Sound. Collecting a tissue sample at the time of tagging will allow for 
subsequent genomic profiling for multiple diseases, and relation of health status to subsequent fate. 
 
Status:  
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They captured and acoustic-tagged 80 age-0, wild and hatchery Chinook (>140 mm FL) in Maple Bay and 
Sansum Narrows between September 12-15 2017. They deployed special-purpose short-term acoustic 
receiver sub-arrays north and south of the capture and release area. Previous studies have tracked Salish 
Sea populations of Chinook during the winter and fall months and found that juvenile Chinook likely 
remain resident in the Salish Sea beyond the time when they were tracked, or suffer very high mortality 
(Chamberlin et al. 2011; Neville et al. 2015). By acoustic-tagging fish in late summer near Cowichan Bay 
and tracking their migration until spring 2018 they are able to test this proposal.  
During tagging, they collected gill tissue samples which will be used (scheduled for January 2018) to reveal 
infectious agents that might be present in tagged fish using non-lethal molecular techniques and will allow 
us to link fate of individual fish to their disease state at the time of tagging. They also deployed additional 
receivers at two known seal haul-out islets in the study area to estimate a lower limit of seal predation.  
Mobile acoustic tracking was conducted for 10 days following tagging to investigate how acoustic-tagged 
Cowichan Chinook salmon use their environment and determine mortality on a finer scale (analysis 
pending). The existing POST sub-arrays in the Strait of Juan de Fuca and Discovery Islands will allow them 
to determine if fish remain the Salish Sea over winter 2018, and they also double tagged fish with a PIT 
tag so that they may ultimately estimate smolt to adult survival back to the Cowichan River (2018-2021). 
Thus, this is one of the most comprehensive salmon studies within the SSMSP addressing when, where, 
and why Cowichan Chinook survival is depressed.  
 
Acoustic Receiver Array 
In 2017, the SSMSP funded a purpose- built array to establish the residence time and survival of Chinook 
in the southern Gulf Islands. Additional receivers were deployed by divers at two known seal hauls outs 
and at the tagging sites. 

Table 1. Southern Gulf Islands Chinook tagging Sept 12-15, 2018. All 
fish were tagged with a V9-6L transmitter and a PIT tag. A gill tissue 
sample was taken for genetic analyses. Na= it was too windy to get 
the weight of the fish.  

Capture/release 
site N 

Fork length        
(mm; mean, 
range) 

Weight                  
(g; mean, 
range) 

% missing 
an adipose 
fin 

Maple Bay 41 171 (144-210) na 24% 

Sansum Narrows 39 178 (151-238) 63 (35-103) 23% 
 

 

  
Figure 1. Map of the study area.  
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Figure 2.  Distribution of live (as of completion of mobile tracking) Chinook tagged in Maple Bay (left) and Sansum Narrows 
determined by mobile tracking 1-10 days after tagging (late September) between the Sansum North and Sansum South sub-
arrays. 68 of 80 fish were detected.  

  
Figure 3. Stationary tag surveys near the release sites and at known seal haul out locations north and south of the release 
sites (left). Location of 15 stationary tags (right). Fish found dead at the start of 10 day mobile tracking (black), during mobile 
tracking (red), during seal haul out sweep or serendipitously (green and blue).  

 
Preliminary Findings 

 Mobile tracking of live fish is complete - A very high proportion of tagged fish were detected 
during mobile tracking (68 of 80 fish; 85%). 

 Fish tagged in Maple Bay were more likely to be detected in Maple Bay while fish tagged in 
Sansum Narrows were more likely to be detected immediately north and south of the narrows. 

 Some tags passed repeatedly through the narrows, an area of higher observed seal abundance. 
 The number of live tags detected within the inner arrays declined by about 45% over the first 5 

days after tagging, but then remained steady at about 20 over the subsequent week. 
 Some tags left the study area and then returned. 
 Fifteen stationary tags have been located to date, some show final locations or movements 

consistent with seal predation.  
 Based on a single passive receiver downloaded so far (hung from dock in Sansum Narrows) some 

fish were alive within the inner arrays into at least early November. 
 Mobile location of dead tags ongoing and recovery of passive receivers still to come. 

 

Maple 
Bay 

Sansum 
Narrows 
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Physiological and environmental factors affecting the migratory behaviour and survival of sockeye 
and steelhead salmon smolts 
Team: Scott Hinch (University of British Columbia), Tony Farrell (University of British Columbia), Kristi Miller 
(Fisheries and Oceans Canada), and Steve Cooke (Carleton University) 
Budget Category = “ACOUSTIC TRACKING” number 5 on the PSF budget provided below. 

Objective: 
This team will combine novel methodologies (biotelemetry, biomarkers, simulation models, etc.) 
simultaneously to examine a variety of factors influencing the migratory behaviour and survival of sockeye 
and steelhead smolts in the Salish Sea.  
 
Background: 
This team will combine novel methodologies (biotelemetry, biomarkers, simulation models, etc.) 
simultaneously to examine a variety of factors influencing the migratory behaviour and survival of sockeye 
and steelhead smolts in the Salish Sea.  
 
Using small acoustic transmitters, the behaviour and fate of Chilko sockeye (2016) and Seymour steelhead 
(2015) smolts will be tracked from release through the Salish Sea. The condition of these same smolts will 
be assessed prior to transmitter implantation and release through the use of biomarkers for pathogen 
presence and load, presence of immune- or stress-related responses, and growth potential, to better 
understand the links between condition during initial outmigration and survival and behaviour in the early 
marine environment. Retrospective analyses on a large database generated from ~10 years of acoustic 
telemetry studies will determine how migratory behaviour and survival are influenced by oceanographic 
conditions recorded in the Salish Sea. Lastly, individual-based models (IBM) will be developed to simulate 
smolt migrations by combining various movement behaviours of smolts with fine-scale ocean simulation 
models to provide potential migratory pathways through the Salish Sea, and a means of testing what 
navigation and/or orientation behaviours smolts use in the early marine environment. Together these 
studies will help to provide a mechanistic understanding of salmon smolt migrations to better understand 
trends in productivity and survival. 
 
Status: 

1) Tagging and gill biopsy sampling outmigrating smolts:  
This research aims to address the hypotheses “factors operate at different levels”, “critical size/smolt 
condition,” “outmigration timing,” and “disease-predation” within the SSMSP. 
 
Seymour steelhead: In May 2015, 243 age-one hatchery steelhead smolts were tagged at the Seymour 
River Hatchery in North Vancouver and released at two locations to test route- and location-specific 
survival across outmigration. The early marine period was associated with poor overall survival (9-27% 
over 400km), and the Seymour River and Burrard Inlet were noted as regions of particularly low survival 
for migrating smolts. New acoustic receivers around the Discovery Islands revealed smolts showed higher 
use of Discovery Passage, with survival for this route being ~two times as high compared to channels to 
the east. Migration rates became faster and more variable through the Discovery Islands to Johnstone 
strait region, and complex milling patterns were noted in this region, suggesting the influence of strong 
currents impacting migration movements through this part of the Salish Sea. Lab work for genomics of 
non-lethal gill biopsies was completed in the Spring 2016, and analyses are currently in the initial phases. 
 
Chilko sockeye: In April/May 2017, 306 Chilko sockeye salmon smolts were tagged with acoustic 
transmitters. 155 age-one smolts were tagged with Vemco V4 transmitters. An additional 151 age-two 
smolts were tagged: 75 with V7 transmitters, and 76 with V4 transmitters. In addition, non-lethal gill 
biopsies were taken from 77 age-one smolts and 76 age-two smolts for use in Objective 2. They just 
recently were given access to detections of these smolts on marine arrays in the Salish Sea, including new 
arrays in the Discovery Islands and Johnstone Strait. As these data are new, all results are preliminary. 
Preliminary results from 2016 and 2017 Chilko sockeye suggest that the upper Chilko and Chilcotin Rivers 
are a potential mortality hotspot, as well as when smolts initially enter the Strait of Georgia.  
 
Marine sockeye: In June 2017 (June 9 to June 21) 123 sockeye smolts were captured using a micro-seine 
technique in Okisollo Channel on the northern end of Quadra Island, the southern-most island within the 
Discovery Island archipelago. These fish were surgically implanted with Vemco V4 (180 kHz) acoustic tags 
and released near Mitlenatch Island in central northern Strait of Georgia or at the southern end of Cortes 
Island. These smolts were detected at receivers throughout the Discovery Islands, Discovery Passage, and 
Johnstone Strait.  
 

2) Assess gill biomarkers:  
This research aims to address the hypotheses “Critical size/smolt condition,” “critical growth,” and 
“disease-predation” within the SSMSP.  
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Seymour steelhead: 162 non-lethal gill biopsies were taken from tagged Seymour River steelhead smolts 
in 2015, and these were processed using genomic techniques at Dr. Kristi Miller’s lab at the Pacific 
Biological Station (DFO) in Nanaimo in spring 2016. Laboratory work was completed for Seymour 
steelhead in 2016, and during winter 2016/2017 for 2016 Chilko sockeye samples. For Seymour steelhead, 
Smolts never detected after release in the river had significantly elevated expression of the immune genes 
Il-17D and RPL6, and lower expression of the osmoregulatory gene NKA α1b relative to other individuals. 
Flavobacterium psychrophilum and 'Candidatus Branchiomonas cysticola' were detected in gill samples, 
but neither influenced survival.  
 
Chilko sockeye: Gill clips taken from Chilko sockeye salmon smolts were processed at Dr. Kristi Miller’s lab 
at the Pacific Biological Station (DFO) in Nanaimo during November and December 2016. Using genomic 
techniques, they assessed 17 microbes and 59 biomarkers associated with stress and immune responses. 
Flavobacterium psychrophilum, 'Candidatus Branchiomonas cysticola', and Infectious hematopoietic 
necrosis virus were detected in Chilko sockeye gill samples and their potential influence on migration 
survival is currently being assessed. Chilko data regarding biomarkers are still too preliminary to discuss.  
 
Marine sockeye: 59 biopsy samples were collected from released individuals, with an additional 21 taken 
from smolts that were not released due to mortality during procedures, holding periods or were sacrificed 
as a group. These samples will be processed by Dr. Kristi Miller’s Molecular Genetics Lab, at the Pacific 
Biological Station, Nanaimo, during the spring of 2018.  
 

3) Conduct retrospective analyses on survival:  
Analyses have begun to understand the influence of density-dependence on survival of Chilko sockeye 
salmon smolts (and refine telemetry estimates). This work involves Dr. Eduardo Martins (University of 
Northern British Columbia). These models are acting as a proof-of-concept for models investigating 
environmental effects. Databases of Chilko sockeye smolt detections are being maintained. In addition, 
freshwater conditions (temperature and flow) during Chilko smolt outmigrations 2010-2014 have been 
downloaded. They are currently in the process of obtaining freshwater conditions for 2016 - 2017. 
Discussions with Dr. Maycira Costa continue to understand how primary productivity data could be 
integrated with telemetry data. 

 
These analyses are ongoing, and all results are preliminary. We demonstrate that density-dependence of 
smolts occurs in every year of telemetry that they investigated (2010-2014, and 2016). The strength and 
shape of the depensatory curve varies, but demonstrates outmigration densities (and predator swamping) 
is an important ecological characteristic of the outmigration.  
 

4) Conduct retrospective analyses on migration routes:  
This research addresses the hypotheses labeled as “factors operate at different levels,” “critical size,” 
“outmigration timing,” and “residency,” within the SSMSP. See the 2016 annual report for results of meta-
analyses on sockeye and steelhead smolts in the northern Strait of Georgia. 
 
This activity has been completed and published. Results are as follows: 
Seymour steelhead - Seymour steelhead smolts (2015) demonstrated strong route-specific survival. Three-
quarters (77%) of smolts used the western-most passage, Discovery Passage, and smolt survival was 
significantly higher (98%) for fish using this route relative to Sutil Channel (47%).  
 
Chilko sockeye - A similar number of Chilko sockeye age-1 smolts (2016) used the western channel (n = 
10; Discovery Passage) and the middle channel (n = 9; Sutil Channel) whereas only 1 took the eastern 
channel (Desolation Sound). Although not formally assessed within the CJS modelling framework, survival 
through Discovery Passage (40%) was greater than through Sutil Channel (22%), but when accounting for 
distance (24% per 100 km in Discovery Passage vs 22% in Sutil) or time (83% per day in Discovery Passage 
vs 86% in Sutil), survival was similar between the two channels.  
 
Marine sockeye - Marine-released sockeye smolts (2017) used routes in similar proportions to the Chilko 
sockeye via Discovery Passage (n = 10), Sutil Channel (n = 12), and Desolation Sound (n = 1). All survival 
estimates are preliminary, and do not not take into detection efficiency into account currently (i.e. 
apparent survival). However, survival through Discovery Passage (20%) was less than through Sutil 
Channel (33%), and survival when accounting for distance (25% per 100 km in Discovery Passage and 40% 
per 100 km in Sutil Channel) and survival per day (82% per day Discovery Passage and 92% per day Sutil 
Channel) were also less for Discovery Passage compared to Sutil Channel. Because detection efficiency is 
not yet incorporated, all survival is currently underestimated.  
 
However, further analyses were conducted and completed on defining routes and route-specific survival 
for Seymour steelhead within a multistate modelling framework, utilizing detections on the new arrays in 
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Discovery Islands and Johnstone Strait that were not available for the retrospective analyses. Analyses 
continue for relationships between route and experience for Chilko sockeye (2016-2017). 
 

5) Develop individual-based models (IBM):  
They are in discussions with Dr. Susan Allen regarding her new bio-physical model of the Salish Sea 
(SMELT), to determine the model’s applicability to their aims, and its limitations. They are scheduling a 
meeting in January 2018 to discuss file formats and downloading of relevant model files.  

Lessons Learned: 
1) Tagging and gill biopsy sampling outmigrating smolts:  

Seymour steelhead: Results from 2015 acoustic telemetry further highlight spatial trends of survival across 
the Salish Sea. Burrard Inlet has been noted as a region of particularly poor survival, though what is causing 
this is still unclear. Our expanded telemetry arrays again showed route to be important for survival of 
outmigrating steelhead, particularly through the Discovery Islands region of the Salish Sea and are now 
being used for sockeye. Further research could examine movements of smolts at fine scales and/or 
investigate additional factors such as distributions of food or predators to help determine why particular 
regions appear to be associated with high-risk.  
 
Chilko sockeye: They have learned that specific landscapes are high-risk for sockeye smolts regardless of 
age class (particularly the upper Chilko River, and the the Strait of Georgia). Results from 2017 suggest 
that high tag burdens may impact migration survival, highlighting the importance of maintaining tag 
burdens to a minimum when possible and accounting for its impacts when providing telemetry-based 
survival estimates.  
 
Marine-tagged sockeye: We learned that sockeye salmon smolts can be successfully intercepted, tagged, 
released, and tracked directly in Strait of Georgia. Route selection appears to follow similar patterns as 
previously observed with most individuals selecting either Sutil Channel (52%) or Discovery Passage (43%).  

 
2) Assess gill biomarkers: 

Seymour steelhead: Laboratory work assessing non-lethal gill biopsies took place in the spring, 2015 at Dr. 
Kristi Miller’s Molecular Genetics Lab, at the Pacific Biological Station, Nanaimo. qPCR was used to assess 
each gill sample (n=142) for 72 different assays (54 biomarkers and 18 microbes). Smolts never detected 
after release in the river had significantly elevated expression of the immune genes Il-17D and RPL6, and 
lower expression of the osmoregulatory gene NKA α1b relative to other individuals. Flavobacterium 
psychrophilum and 'Candidatus Branchiomonas cysticola' were detected in gill samples, but neither 
influenced survival. 
 
Chilko sockeye: Non-lethal gill biopsies were processed in Dr. Kristi Miller’s Molecular Genetics Lab, at the 
Pacific Biological Station, Nanaimo during winter 2016/2017. All gill samples (n=189) were assessed using 
qPCR for 76 assays including 17 microbes and 59 biomarkers indicative of osmoregulatory preparedness, 
stress, and immune responses. Flavobacterium psychrophilum, 'Candidatus Branchiomonas cysticola', and 
Infectious hematopoietic necrosis virus were detected in Chilko sockeye gill samples and their potential 
influence on migration survival is currently being assessed. Chilko data regarding biomarkers are still too 
preliminary to discuss.  
 

3) Conduct retrospective analyses on survival:  
Predator swamping appears to be an important ecological process for Chilko sockeye smolts. Thus 
synchronization of migrants confers a benefit to survival, and they expect this may occur for other salmon 
populations.  

 
4) Conduct retrospective analyses on migration routes:  

They now know that migration route can be important in migratory success, particularly steelhead. This 
indicates that the factors influencing survival in the Salish Sea vary at smaller spatial and temporal scales 
than previously recognized (i.e., not just Sea-wide conditions). Thus future research should focus on 
quantifying potentially important factors (zooplankton, predators, harmful algae) at finer spatial scales 
during the smolt outmigration. They also know that many smolts travelling via the Malaspina Strait move 
westward to the broader Strait of Georgia, and that some milling does occur. Thus this region may 
represent an area where exposure to elements and predators are elevated and should be further focused 
on.  
 
Furthermore, analyses of movements of Seymour steelhead in the Discovery Islands region in 2015 also 
indicates that these smolts predominantly migrate through Discovery Passage, and this route was also 
associated with approximately twice the survival to the Johnstone Strait as compared to passages to the 
east (i.e. Sutil channel). The most complex milling patterns were also noted around the Discovery Islands 
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array, and the only pattern which resulted in successful migration was when smolts last were noted 
migrating through Discovery Passage.  
 
B1.5 Life History, Age, and Growth Investigations of Adult Puget Sound Salmonids Using Otolith 
Microchemistry and Scale Morphometrics (Completed) 
Principal Investigator: Lance Campbell (Washington Department of Fish and Wildlife) 
Budget Category = “LIFE HISTORY, AGE, AND GROWTH” on the LLTK budget provided below. Budget 
reference num. 31. 

Findings:  
This work evaluated the hypothesis that diversity of juvenile salmon life histories determined from 
returning adults differs regionally and variation in growth among populations is related to adult survival 
and ocean conditions. The goal of this research is to: 1) enumerate any differences in age, marine growth, 
and juvenile life-history strategies of surviving adults among populations and geographic regions and 2) 
make marine growth data available for survival and forecasting models. Two studies were performed. 

Otolith Project — In this study, we used otolith chemistry to reconstruct the juvenile life history of Chinook 
salmon returning to 5 Puget Sound populations. This report provides definitive evidence that small fry 
sized (35-60mm) Chinook salmon survive early migration from their natal freshwater habitat into the 
marine environment and comprise as much as 35% of the returning adults. Survival/success of juvenile 
Chinook fry (fish <60mm) was greater in the two populations we sampled in Northern Puget Sound 
(Nooksack and Skagit Rivers) while the success of the fry life history was low (<5 %) in adult populations 
examined from the Cedar River, Green River and Puyallup River (mid and South Puget Sound). This work 
shows compelling evidence that even the smallest migrants (sometimes viewed as excess production) 
survive and contribute to adult returns.  The lack of the fry life history in mid and southern Puget Sound 
may be related to estuarine habitat availability/condition, contamination and pathogen exposure. Other 
mechanisms that differ in north vs south Puget Sound should also be assessed. Though this research was 
conducted on many individual adult Chinook (n~450) our inference to specific geographic locations (n=5) 
and return years (n=1) is low. Therefore, caution is advised when making any corollary inference. This 
work does show compelling evidence that life history expression and survival of the fry life history is 
severely limited in 3 of the most developed and contaminated estuaries within Puget Sound. These 
findings are relevant to life history theory, habitat restoration, survival, and stock recovery efforts. 

Scale Project —In this study, we used scale analysis of returning adults to examine the relationship 
between early marine growth and survival for 3 Puget Sound and 2 coastal populations of Chinook salmon. 
In total, we examined scales from 2,604 individuals over 7 outmigration years characterized by relatively 
poor, average, and good survival from 1976 to 2008. We observed a positive relationship between growth 
during the first year at sea and survival for adults returning to the Skagit, Green/Duwamish, and Puyallup 
Rivers. In addition, growth of age 3 fish from north and mid Puget Sound was a useful predictor of cohort 
survival (age 3 to 5). Conversely, we observed no evidence of a relationship between growth and survival 
for fish returning to the Quillayute River but, on average, fish returning to northern costal Washington 
grew 14% (SD = 9%) more during the first year at sea than Puget Sound populations. These results support 
previous research that factors influencing early marine growth (i.e. prey abundance and quality) are 
important to the survival of Puget Sound Chinook salmon. In addition, early marine growth may be a useful 
biological indicator for pre-season forecasting of Chinook salmon populations in Puget Sound. 

The complete technical report will be available by the end of 2017. Manuscripts are also under 
development. 

Lessons Learned: 
Results from this work show clearly that small Chinook fry (35-60mm) survive and recruit to adult 
populations.  Habitat that is critical to this life history, off channel and shallow water habitat typical found 
in the lower reaches of large rivers and estuaries, appears limited in the mid and south sound populations 
they examined. 

Next steps should include: 

 The addition of new adult return years (2016 and beyond) to complete an entire brood year(s). This 
will allow for the direct comparison of juvenile estimates made at trapping facilities to what survived 
and returned as adults. In addition working in genetics data to evaluate life history expression with 
genetic stock may prove valuable. 

 Add sampling locations to try and evaluate mixed effects such a toxins, pathogens and geographic 
location on life history expression and population abundance. Add sampling locations from the 
Nisqually River (estuarine habitat and low contaminants) Snohomish (estuarine habitat, high 
contaminants) to evaluate the role of habitat, contaminants, and geographic location 
(north/mid/south Sound). The addition of the Skokomish River (estuary habitat, low contaminants) 
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and a coastal or Juan de Fuca Straights population should be considered to understand how these life 
history metrics effect populations broadly. 

(4.2)- The results of the scale growth and survival work show promising correlations between the two. 
These findings may help improve forecasting tools by implementing a growth metric in current forecasting 
and run reconstruction methodologies. 

Next steps should include: 

 Measure early maturing (age 2 and 3) fish of the current return year. Adjust sibling forecast model 
with the growth/survival relationship.  

 Share growth measures with SSMS research group so results can be incorporated into other 
modeling and forecasting efforts. 

 Add coho salmon scale growth to this research effort. Evaluate recent “blob” effects on growth 
and survival.  Preliminary results show suggestive evidence that coho growth may be a stronger 
indicator of early marine survival and residency. 

 Evaluation of growth as a predictor of residency in the Salish Sea 

 
B1.6 Puget Sound Juvenile Salmon Program – Diagnosing critical growth periods  
Principal Investigators: Dave Beauchamp (University of Washington), Josh Chamberlain (NOAA), Julie 
Keister (University of Washington).  At least 40 other staff provide field and laboratory support from 
Washington Department of Fish and Wildlife, the Nisqually Tribe, Tulalip Tribes, Lummi Nation, Skagit 
River System Cooperative, Kwiaht, Long Live the Kings, University of Washington, NOAA, and US Geological 
Survey. 

Budget Category = “JUVENILE SALMON”, “VESSELS”, and “FIELD EQUIPMENT AND SUPPLIES” on the LLTK 
budget provided below. Funding is for offshore sample collection, filling nearshore sampling gaps, lab 
work, analysis and reporting (budget reference num. 4,5,10,13). This research activity is heavily 
dependent upon the freshwater and estuary/nearshore in-kind sampling effort provided by project 
partners, an estimated value of $1.5 million/yr.   
 
Objectives: 
Determine the magnitude of size-selective mortality at specific life stages, identify periods of critical 
growth or mortality, and diagnose which factors most affect growth in specific periods, regions, and 
stocks. 
 
Background: 
Size-selective mortality provides a conceptual framework for examining and linking processes that affect 
growth and survival at different life stages of anadromous salmonids, and for identifying and quantifying 
when and where critical periods of growth and survival occur. Insufficient information exists to construct 
this from existing data, so a sampling program has been implemented. This work focuses on early marine 
life stages of salmon, sampling geographically from smolt traps in the lower river, and continuing to trap 
and seine through the estuarine, nearshore, and offshore marine habitats.  By relating size (weight, fork 
length, condition) of juveniles to adult returns or smolt-to-adult survival (SARs) at regular intervals during 
sequential life stages (i.e., at smolt trap and/or hatchery, estuarine, nearshore marine, and offshore 
marine), they can identify life stages that are most influenced by size-selective marine survival (critical 
sizes and critical periods) for fish originating from different regions of Puget Sound.  By collecting length, 
weight, and scale (or otolith) samples at each juvenile life stage and for returning adults, shifts in back-
calculated size at specific life stages can be used to: determine the magnitude of size-selective mortality 
during or following a specific life stage; identify the periods of critical growth or mortality; and quantify 
stage-specific relationships between size and survival.  Furthermore, by collecting concurrent data on diet, 
size, scales, and blood samples (for archival IGF-1 growth12 analysis), fin clips (for archival genetic & stable 
isotopes) for both marked and unmarked juvenile salmon and their potential competitors, biomass and 
numerical density of key zooplankton prey (component part of zooplankton data collection program but 
performed simultaneously with fish sampling), and temperature-salinity during each of these life stages, 
they can use bioenergetics model simulations to diagnose which factors most affect growth for specific 
periods, regions and stocks or species. 

                                                 
12 IGF-1 and 192 SNP analyses are being done for the North Puget Sound Chinook populations. IGF-1 was added to 
compare growth rate information between it and scale analyses. SNP analyses are being performed on all marine and San 
Juan Islands nearshore samples to better distinguish Whidbey Basin populations and their growth there. The SNP work 
builds on other work funded by the PSC- Southern Fund Committee to apply the 192 SNP for discriminating Puget Sound 
populations  
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Status and Preliminary Findings: 
Madi Gamble completed her MS thesis and graduated August 2016. Two chapters of her thesis will be 
published as articles in peer-reviewed journals: 

 2014 scale-based analysis of size-selective mortality and critical growth periods: a draft manuscript 
has been submitted to Transactions of the American Fisheries Society for review.  

 2014 Bioenergetics modeling simulations using final diet, thermal experience, and growth estimates 
for major life stage/habitat combinations are being finalized for the second manuscript in preparation 
for submission to Marine Ecological Progress Series within the next two months, following review by 
SSMSP technical team members. 

2015 Chinook scale mounting, imaging, measuring and analysis has been completed for all cohorts within 
each watershed/habitat combination. The distinct lifestage x habitat cohorts have been identified, and 
the associated diets and growth trajectories, and stage-specific growth in weight have been compiled for 
bioenergetics analysis of factors affecting growth for different life stages and habitats. Furthermore, 2015 
diets are complete for Chinook of known origin. 

The team is poised to perform the bioenergetic model simulations associated with the size-selective 
mortality and critical growth analysis for 2015 data. A third manuscript will be drafted this spring which 
compares and synthesizes the stage-specific growth and bioenergetics of food limitation between juvenile 
Chinook in 2014 and 2015. It will be submitted to a journal yet to be determined. 

Madi Gamble had primary responsibility for maintaining the datasets and conducting the analyses for this 
project. Before moving back east to begin a Ph.D. at Dartmouth, she trained the remaining research 
scientists how to run her R code and they are already very familiar with the data sets. Madi remains 
available to advise and help (within limits) as needed. Dr. Beauchamp also moved jobs from University of 
Washington/USGS cooperative to USGS exclusively. With this it’s possible the research staff might find 
other jobs before their analyses are completed. Beauchamp has been working to broaden their funding 
support and lengthen their period of employment to reduce the chances of premature departures. 

Early findings suggest that there is not size-selective mortality occurring in Puget Sound. However, there 
are signals that growth is greatest as the fish transition to the offshore and in July, and that the San Juan 
Islands provide a distinct growth advantage to fish. There also may be some suggestion of a potential mis-
match in timing of the availability of crab vs when Chinook are in the marine environment consuming 
crab. 

B1.7 Zooplankton: Establishing a Puget Sound-wide zooplankton sampling program  
Principal Investigator: Julie Keister (U. of Washington), with substantial coordination for field sampling 
among multiple parties in Puget Sound, including Tulalip Tribes, Nisqually Indian Tribe, King County, Port 
Gamble S’Klallam Tribe, Lummi Nation, KWIÁHT, NOAA Fisheries, Washington Department of Ecology, 
Washington Department of Fish and Wildlife, and the Pacific Northwest Salmon Center.  

Budget Category = “ZOOPLANKTON” AND “EQUIPMENT” on the LLTK budget provided below. Funding is 
for equipment, supplies, sample analysis and reporting (budget reference num. 6,7,8,14). This research 
activity is heavily dependent upon the in-kind sampling effort provided by project partners (~20 staff), an 
estimated annual contribution of $450,000/yr.    
 
Objective: 
A Puget Sound-wide study of the zooplankton community and its critical relationship with salmon was 
initiated in collaboration with numerous tribes and agencies around the region to: 

1. Implement the Puget Sound-wide program. If enough data allow, estimate the temporal-spatial 
availability of key zooplankton prey for juvenile Chinook and coho by depth strata in offshore 
regions of Puget Sound through the spring-summer (March-September) growth period. 

2. Explore relationships between the zooplankton community, environmental variability, and 
salmon returns. 

3. Contribute to the development of Ecological Indicators of salmon survival in Puget Sound. As years 
go by, data generated by sampling throughout Puget Sound will be compared to salmon growth 
and growth-survival time series to explore spatial and seasonal relationships between prey 
availability and survival. For correlative results from the only long-term zooplankton dataset for 
Puget Sound, please see section B.3.1 of this report. 

Background: 
From 2014-2016 the collaborative, zooplankton monitoring program was initiated and optimized. PSC 
funding was used for 2014-2015 and funding from NOAA Saltonstall-Kennedy Program for 2016. In late 
2016, LLTK received funding from EPA ($680,000) to support the zooplankton program for the next 2 years 
as it is transitioned to an agency for long-term management and support.  
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Status and Preliminary Findings: 
Objective 1:  Monitoring program overview 

Since the inception of the project, the zooplankton collaborators successfully initiated and improved the 
zooplankton monitoring program including development of field and analysis protocols, distribution of 
gear and supplies, training and oversight of field crews, and refinement of sampling stations. Substantial 
oversight of the field sampling was added to the project in 2015 to assess and improve sampling 
consistency among groups and continues as part of the monitoring protocol. As a result, the number of 
low-quality samples that were collected dropped from ~13% of the total in 2014 to zero in 2016 (vertical 
tows) and 15% in 2014 to 5% in 2016 (oblique tows). 

In 2016, 10 groups participated in the SSMSP zooplankton sampling: Tulalip Tribes, Nisqually Indian Tribe, 
King County, Port Gamble S’Klallam Tribe, Lummi Nation, KWIÁHT, NOAA Fisheries, Washington 
Department of Ecology, Washington Department of Fish and Wildlife, and the Pacific Northwest Salmon 
Center. From 2014 and 2016, a total of 873 bongo samples and 484 vertical net samples were collected 
and are currently archived at U. of Washington. The taxonomic analysis of 2014 and 2015 (excepting those 
with quality issues) has been completed and 2016 is underway. All of the taxonomic data have been 
entered into a Microsoft Access database, quality-checked, and stored in the Cloud. Abundances (# m-3) 
have been calculated, time series of dominant taxa at each location were generated, and community 
analyses were conducted. Abundance data has been delivered to King County for public online access.  

In 2015, the team re-assessed their laboratory analysis protocols in an effort to simplify bongo sample 
analysis and reduce redundancy between the taxonomic analysis of the vertical nets and bongo samples. 
They reviewed the 2014 vertical and bongo sample data and made some adjustments to the 2015 bongo 
analysis methods. Specifically, their new bongo analysis protocol combines life stages and discontinued 
measurement of some copepods (mainly Calanus pacificus), and combined all species in the family 
Cancridae which are well indexed by the vertical nets.  Assessment of the station depths that were 
sampled with the bongo nets in 2014 and 2015 was conducted to reduce sampling of sites that provided 
redundant data. Analysis of 2014 and 2015 Monitoring data was presented at the Puget Sound Marine 
Waters 2015 overview meeting in April 2016 and is included in the marine waters annual report. 

Objective 2:  Relationships with physical environment and salmon returns  

The primary tasks to address Objective 2 in this project are to calculate abundance data and other metrics 
of zooplankton in Puget Sound and provide those data to researchers to compare to salmon survival. To 
date, abundances have been calculated from the 2014 and 2015 Prey Field (bongo) samples; 2014 data 
have been distributed to collection groups and to the Beauchamp Lab for comparison to salmon diet and 
growth data and 2015 data are ready to be delivered on request. This objective remains on hold until 
collaborating groups provide needed growth and survival data and expertise. Progress was made on 
zooplankton biomass calculations (they are now completed and QC’d in the database). 

Objective 3:  Contribute to ecosystem indicators development  

 Over the next 2 years efforts will be made to align data availability from JEMS and these other new Puget 
Sound stations with salmon forecasting needs. See section B.3.1 for more information about the 
correlation between zooplankton community composition at the JEMS station (the only long-term dataset 
for Puget Sound) and coho and yearling Chinook salmon survival. 

B1.8 Population specific consumption of pacific herring by juvenile and sub-adult Chinook 
salmon in Puget Sound 
Principal Investigators: Josh Chamberlin (NOAA) and Lorenz Hauser (U. Washington)  
Budget Category = “PREY” on the LLTK budget provided below. Budget reference number 37.  
 
Overview: 
Although juvenile Chinook salmon and Pacific herring display significant overlap in diet composition, 
Chinook salmon are also known to prey directly on other fish, including Pacific herring. Recent work 
suggests increased growth rates or opportunity where Pacific herring are incorporated into the diets of 
Chinook salmon. In addition, Pacific herring are a primary resource for sub-adult Chinook salmon which 
reside within the Salish Sea. Significant effort has focused on evaluating the food web dynamics that 
support prey resources for juvenile chinook salmon and Pacific herring yet little is known about the 
predator-prey dynamics between the species. Puget Sound contains more than 20 potentially distinct sub-
populations of Pacific herring; of which the majority have seen decreases in abundance/biomass in recent 
decades, similar to the declines documented in local salmon populations, likely affecting their availability 
as prey to juvenile and sub-adult Chinook The proposed project will combine molecular genetics with 
bioenergetics modeling to evaluate population specific consumption of Pacific herring by juvenile and sub-
adult Chinook salmon. Understanding which local herring populations contribute most frequently to the 
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observed predator-prey dynamics would provide a basis for targeted recovery strategies that could 
mutually benefit both species. 
 
Status: 
Progress during this period was focused on sample selection and completion of pilot work to determine 
how samples taken from the guts of juvenile Chinook would amplify for subsequent sequencing.  

We extracted and quantified DNA from 10 different herring taken from the gut contents of 5 juvenile 
Chinook. From those gut contents, we sampled individual herring spines or large contiguous chunks of 
tissue Each herring was cut into four subsamples and they were all decontaminated with bleach For the 
pilot study, we examined gut contents that exclusively contained herring (as identified by USGS research 
scientists). DNA shows evidence of degradation but many samples contain decently long segments 
(~1000-2000 base pairs), which is great. 

The next step is to verify that decontamination worked. I will genotype each subsample at several loci 
(using qPCR and Taqman assays). Continue sample selection and run initial round of sequencing 

B1.9 Effects of Seasonal Availability and Energy Content of Key Prey on Growth Performance 
during Critical Periods for Juvenile Chinook Salmon 
Principal Investigator: Dave Beauchamp (US Geological Survey)  
Budget Category = “PREY” on the LLTK budget provided below. Budget reference number 33.  
 
Overview: 
For juvenile Chinook Salmon in Puget Sound, growth is food-limited, and initial feeding and growth in epi-
pelagic offshore habitats of Puget Sound during June-July strongly influence overall marine survival. 
Moreover, the variability in growth, feeding, and survival can largely be accounted for by the variable 
contribution of larval crab to the energy budget of juvenile Chinook during the critical growth period 
during June-July (Beauchamp and Duffy 2011, Duffy and Beauchamp 2011, Gamble 2016). In addition, 
how juvenile salmonids initially allocate energy between somatic growth (size) and energy stores strongly 
influences their vulnerability to proximate or ultimate size-selective mortality and is a key uncertainty 
when estimating the feeding rate and consumption demand required to achieve the body masses that 
ultimately influence marine survival. Bioenergetics model predictions of growth, feeding rate and 
consumption demand are sensitive to dynamics in energy density of both salmon and their primary prey. 
Therefore, understanding the temporal and spatial dynamics of larval crab availability and their energy 
contribution to juvenile salmon growth has become a key uncertainty in developing a mechanistic 
understanding of what limits marine survival of juvenile Chinook salmon and potentially other salmon and 
forage fish species in the Salish Sea. We propose to experimentally examine how variable densities of crab 
larvae translate into feeding and growth of juvenile Chinook, apply these functional response curves to 
observed temporal-spatial ambient prey densities and Chinook feeding/growth during 2014-2015, and 
examine how change in energy density of key prey and Chinook influence growth during their critical 
growth period. 

Status: 
The experimental and lab processing portions of this project were completed over the summer, and 
activities to date have included: 

1. Coordinated with other larval crab/zooplankton monitoring groups for collections of live organisms 
for functional response experiments at the USGS Marrowstone Island Marine Lab and frozen samples 
for measurements and bomb calorimetry at the USGS Western Fisheries Science Center in Seattle. 

2. Additional larval crab and other zooplankton prey from these collections are being frozen for bomb 
calorimetry, lipid and fatty acid analysis in support of our other study objectives and those for an allied 
project by Julie Keister and Mike Brett at UW. 

3. Completed building and testing experimental arenas and holding facilities for functional response 
experiments at Marrowstone. Applied for and received IACUC approval from USGS-WFRC for this 
experimental protocol. 

4. On May 11, 2017, we transferred approximately 500 subyearling Chinook Salmon from the WDFW 
Garrison Springs hatchery in Tacoma to the USGS Marrowstone Marine Station lab. The fish were 
vaccinated against two strains of Vibrio, acclimated and transitioned into ambient seawater that same 
day. The fish fed well on hatchery pellets and readily ate larval crab when conditioned to feed on 
natural prey.  

5. Some effective methods for collecting live larval crab for these feeding experiments were developed 
and will benefit any future work of this nature. Large aggregations of these prey naturally accumulate 
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in the center well of the Hood Canal Bridge and can be readily netted from the lower access deck of 
the bridge. Dip netting at local docks during moderate tidal flow and during slack tides at local docks 
also yield usable quantities of larval crab. These were primarily late-stage zoea and megalopae of Red 
Rock crab. The larval crab tolerate handling, transport, and holding for at least 3-4 days in the lab 
without feeding, but can last for weeks when fed brine shrimp. The time limitation for holding the 
larvae is primarily that they continue to develop and ultimately morph into juvenile forms that settle 
onto the bottom. 

6. The functional response experiments in general were yielding somewhat equivocal results in terms of 
developing a relationship between pelagic prey density and feeding rate. The surprising limitation was 
that the juvenile Chinook would only really acclimate to 10-gal aquaria rather than the larger circular 
arenas. The consequence of this was that we could not adequately replicate the natural low to 
moderate range of larval crab densities observed in Puget Sound. We were only able to acquire three 
20-gal aquaria toward the end of the study period in an attempt to adapt to this density x acclimation 
issue. The sample sizes for these larger aquaria were very low, but showed promise for future trials. 

7. Despite the lack of strong functional responses (largely due to the methodological challenges), an 
important result emerged related to prey size-consumer size. Most of the late stage zoea and 
megalopae from Cancer sp. were considerably larger than the size distribution of these prey in gut 
samples from juvenile Chinook (only 20% of the crab larvae overlapped with the observed size 
distribution from gut samples of pelagic Chinook). Chinook 85-100 mm FL eat these larval crab with 
increasing intensity in the wild and to some extent in the lab experiments, but these Chinook visibly 
struggled to feed efficiently on these prey, commonly striking up to 10 times before either successfully 
swallowing or giving up. This excessive handling time doubtlessly influences the timing and 
ontogenetic transition to feeding on this important food source. These results suggest that more 
attention should focus even more intently on the dynamics of availability of the edible size fraction of 
taxa that contribute significantly to the energy budget of juvenile Chinook during their critical growth 
period. 

8. An inventory of frozen whole-body samples of juvenile Chinook was developed from nearshore and 
offshore habitats during June, July and August 2015 for most watershed, but also included a valuable 
series of subyearling Chinook samples from March through September from the Skagit basin. We also 
supplemented with samples from October and November Ricker samples to capture end-of growing 
season energy density. These samples were measured for % dry mass and bomb calorimetry. The key 
result of these analyses show that juvenile Chinook maintain a low internal energy density to 
maximize somatic growth during the growing season, presumably as an evolutionary response to 
strong size-selective mortality within or beyond their time in Puget Sound. These juveniles then 
rapidly increase their energy density in mid-late fall before going into winter. 

Any challenges or constraints and how you intend to address them.  

We had to adapt to the challenges from Chinook only inconsistently acclimating to our intended larger 
arenas rather than the much smaller 10-gal aquaria. This compromised our ability to accurately 
measure feeding rates on ecologically-relevant low-moderate densities of pelagic larval crab. We 
purchased larger aquaria, but they arrived very late and were not enough. So we hope to replicate 
these experiments again next spring summer. The issue of identifying and acquiring enough 
appropriately sized larval crab is still not completely resolved for the trials involving Chinook <100 mm 
FL. Lastly, we were unable to grow the Chinook fast enough to have consumers >120 mm FL available 
to decisively emulate the pelagic-feeding Chinook as we’d planned in our study design. So we’ll need 
to consult with the source hatcheries about either providing larger fish a bit later, or plan for a more 
aggressive feeding and temperature regime for the juveniles we receive in order to reach the target 
sizes at appropriate times. 

Any changes to your study design/approach and whether or not it will affect achieving your stated 
objectives.  

We may only conduct a subset of functional response experiments using the late-stage zoea and focus 
most trials on the megalopae stage. The latest more thorough diet analysis indicate that the 
megalopae stage is the predominant form in the diets of juvenile Chinook during their critical growth 
period. We hope to repeat key elements of these trials again next year with the benefit of lessons 
learned this year. But we’re currently uncertain about whether staff will be available to do this. 

B1.10 Physical characteristics and phytoplankton production: Upgrading and utilizing the 
ORCAS buoy network and NANOOS (Complete) 
Principal Investigator: Jan Newton (U. of Washington), John Mickett (U. of Washington)  



PSC 2017 Final Report (Jan 2017-Dec 2017)           Salish Sea Marine Survival Project 2017 

68 

Budget Category = “PHYSICAL MONITORING” in the LLTK budget provided below. Funding is for 
equipment, installation and providing data (budget reference num. 9). Annual in-kind value of ORCAS and 
NANOOS = $300,000 
 
Objectives: 
Oceanographic data will be contributed to the LLTK study team in order to evaluate bottom up control of 
salmon productivity. The data are also critical for constraining models that test bottom-up hypotheses. 

Background: 
The ORCA buoy network (along with the Washington Department of Ecology, King County and other 
party’s buoy data and existing water quality cruises, where appropriate) will be used to document spatial 
and temporal variability in weather (sunlight, air temperature, and wind), phytoplankton biomass 
(chlorophyll) and hydrographic features (water column temperature, salinity, density structure, including 
the mixed layer depths and degree of stratification). Photosynthetically active radiation (PAR) sensors and 
full weather stations (with surface wind sensors) will be updated on the three ORCAS buoys in Puget 
Sound proper (near in Central and South Puget Sound).  

Findings/Outcomes: 
Over this two-year effort we installed meteorological sensor packages on three ORCA profiling moorings 
in Puget Sound:  Point Wells, Carr Inlet, and North Buoy, which included air temperature and relative 
humidity, barometric pressure, photosynthetically-active radiation (PAR), and wind speed and direction 
(Figure 1).  Additionally, we installed a sub-surface fluorometer on the Pt. Wells mooring profiling CTD.  
These data were provided in near-real time via the ORCA and NANOOS web servers, archived on the ORCA 
server, and also passed to the National Data Buoy Center for Federal archiving.   

Work over this period included: 1) designing and purchasing these weather sensor packages, 2) developing 
software drivers to integrate these measurements into existing data stream, 3) mounting/installing the 
sensor packages, 4) making numerous repairs and some upgrades as there were technical issues with both 
the PAR and wind sensors, 4) servicing and calibrating the sensors, 5) displaying, archiving and QA/QC’ing 
the data for use by modelers.  Over the final six months of the project (May 2016—November 2016) we 
have largely focused on maintaining the mooring infrastructure that supports these systems as well as 
making repairs and upgrades to the anemometers. 

For the three moorings, we had 77%, 79% and 99.8% MET data coverage for the North Buoy, Point Wells, 
and Carr Inlet buoys, respectively, for the timeframe spanning the deployment of the sensors through 
December 1, 2016 (Figures 1-4).  Data are more than sufficient to guide and constrain modeling efforts in 
terms of data quality and data coverage in time.  Measurements capture multiple timescales of variability 
in these measurements, including the annual cycle, mesoscale weather timescale, and the diel cycle.  They 
also capture interannual variability between 2015 and 2016, with differences between the years, such as 
summer air temperature, allowing sensitivity tests in the models.  Additionally, inter-basin differences are 
evident. 

The weather data show strong locational differences in the amount of PAR and wind. The effect on water-
column stratification, blooms, and primary production can be investigated with these data and inter-basin 
differences understood.  Members of the U.S. Salish Sea Technical Team are now using these and other 
observational data sets collected over the past several years in Puget Sound to explore bottom-up process 
that affect juvenile salmon growth and survival. Physical, chemical, phytoplankton, zooplankton, and 
salmon growth and/or survival data are available from multiple basins in 2011 and 2014-16, permitting 
analysis of spatial and interannual patterns in the environment in relation to salmon growth (this study is 
funded via Vulcan Inc.). The data are high-quality and scarce for this region.  Gaining insights from analysis 
of these data for effects on bottom up control effects on marine salmon survival is critical to undertake 
now. 

Our primary deliverable, which was the collection of roughly 2 years of meteorological observations at 
three sites within Puget Sound, has been completed.   Archived and QA/QC’d data are available on the 
ORCA mooring server at orca.ocean.washington.edu 

Lessons Learned: 
Describes the key lessons learned. 
One of the primary lessons learned from this activity was the general lack of affordable, high-quality 
commercial off-the-shelf wind-measurement systems for oceanographic moorings.  Some challenges of 
placing these instruments on surface moorings is that they are exposed to very harsh conditions for 
electronics (driving rain, salt spray, humid conditions and high winds) and are not easily accessible for 
repair and maintenance.  At the start of this project, there was only one low-cost commercially available 
system that measured wind speed and direction on a moving platform (not considering ships with existing 
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compass/gyro systems), and that was produced by R. M. Young.  Unfortunately, they found these to be 
poor quality and had a number of them fail in the field due to poor construction.  A bird landing on one 
broke the anemometer arms, for example.   Thus, toward the end of this project they worked with a local 
company (SoundNine) to produce a compass module that would allow us to use higher quality 
anemometers such as the Vaisala WMT700.  Unfortunately, they had to work through a number of bugs 
with the S9 compass module and are still in evaluation mode.  In addition to the troubles with the R. M. 
Young anemometer, they also encountered problems with the OP-AMP board that amplifies the LiCor PAR 
measurement.  There was a recall of this electronic component part-way into the project, requiring us to 
replace malfunctioning field units such as the one on the North Buoy.   

We found the air temperature, barometric pressure and relatively humidity module used for this project, 
specifically the Gill MetPak Pro, to be easy to use, accurate, and sufficiently robust for the marine 
environment.  

Describes what the PI and team thinks the next steps should be.  
This proved to be a non-trivial data set to obtain, yet they achieved success. This a rich data set from which 
to evaluate from data analysis and/or modeling bottom-up control, productivity, etc. effects on marine 
salmon survival.  The interbasin and interannual variation as well as having fully resolved temporal scales 
will allow for hypothesis testing and have the potential to reveal key mechanisms. 

Describes how the PI and team thought collaboration was, whether the activities were appropriately 
integrated, and whether the data/results collected in this activity have informed related activities and vice-
versa. 
This is yet to occur and was not adequately part of the funded aspect of this work. 

B1.11 Linking Puget Sound primary production to stratification and atmospheric drivers on 
seasonal to interdecadal scales (Complete) 
Principal Investigator: Parker MacCready (U. Washington) and Neil Banas (U. Strathclyde)  
Budget Category = “ECOSYSTEM INDICATORS” in the LLTK budget provided below. Budget reference num. 
29. 
 
Objectives: 
They seek empirical evidence that will confirm or reject the hypotheses that 1) interannual variability in 
the local winds drives variability in Puget Sound stratification, 2) interannual variability in stratification 
drives variability in the timing and magnitude of Puget Sound primary production; and 3) that variability 
in cloudiness and light also contributes to variability in primary production. These hypotheses will be 
further broken down by season and basin (although the latter is highly constrained by historical data 
availability).  

Background: 
Long-term variation in primary production is likely to affect salmon marine survival either indirectly 
through trophic effects (zooplankton and forage fish production) or directly through the underwater light 
field during crucial foraging periods. It is also likely that the timing and magnitude of primary production 
are controlled in large part by stratification, especially in spring, and that variation in stratification is in 
turn largely controlled by the winds; but these hypotheses, as applied to Puget Sound on interannual to 
interdecadal timescales, are as yet unproven and unspecific. This project will analyze historical 
observations (weather records and models, hydrographic surveys, moored chlorophyll time series) in 
order to confirm or refute these linkages in detail by season, at locations where sufficient historical data 
exist. Results will directly inform both ongoing indicator analysis and future spatial modeling efforts. 
 
Findings (This work is complete): 
For the complete technical report, please go to: http://marinesurvivalproject.com/resources .  

The initial work is complete that investigated whether there is ample empirical evidence to confirm or 
reject the hypotheses that 1) interannual variability in the local winds drives variability in Puget Sound 
stratification, 2) interannual variability in stratification drives variability in the timing and magnitude of 
Puget Sound primary production; and 3) that variability in cloudiness and light also contributes to 
variability in primary production. Using time series of environmental physical forcing variables (rivers, 
sunshine, wind), a physical response variable (water column stratification), and a biological response 
variable (chlorophyll concentration) they attempted to look for clear correlations that would explain inter-
annual differences or trends in phytoplankton blooms. The result of this initial analysis is that no clear 
correlations were found. The main data limitation in the analysis is that monthly chlorophyll records 
throughout Puget Sound are only available for, at best, the last 14 years, and daily values only for the last 
10 (in a couple of locations). Moreover, while monthly CTD casts may be adequate for characterizing the 
annual cycle of chlorophyll in the different basins of Puget Sound, they are likely inadequate for 
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characterizing interannual differences in bloom timing or strength. It is however likely that if chlorophyll 
showed the same linear decrease over the past decades as Chinook and Coho salmon this would be 
evident from a longer record (say 30 years) of monthly chlorophyll data. For the complete technical report, 
please go to: http://marinesurvivalproject.com/resources .  

This team is now working on a compromise between the 1-D and 3-D model approaches, a 2-D (depth and 
along-channel distance), tidally-averaged model for the thalweg from South Sound through Main Basin to 
the Strait of Juan de Fuca, in which a full NPZD model can be implemented and explored systematically. 
Their inference from the analysis above, along with model insights from Winter et al. (1975) and Banas 
(2009), is that stratification and surface light are important to Puget Sound primary production in close 
combination with the along-channel advection and vertical fluxes associated with the estuarine 
circulation, and that a model that resolves all these aspects of the physics (and the combined effects of 
light limitation, nutrient limitation, and vertical export/regeneration) is more likely to correctly predict 
phytoplankton biomass accumulation than a statistical treatment of any of these factors alone. The data 
compiled here form a crucial resource for calibration and validation this model, and as such might yet 
prove to provide a basis for retrospective analysis and future prediction of trends in primary production. 
The 2-D model is funded via Vulcan Inc within a study of physical forcings and their relationship to copepod 
phenology in Puget Sound. 

PI – MacCready is also contributing to the development of the Puget Sound Atlantis Ecosystem Model and 
ongoing analyses of ecosystem correlations with Chinook and coho salmon survival. In the most recent 6 
months the PI prepared forcing files for an Atlantis food web model of Puget Sound that is being created 
by Isaac Kaplan and Hem Morzaria. These files consist of twice-daily average water properties at five 
depths within 88 irregular polygons covering Puget Sound, along with volume transport through the 
polygon faces. The data come from a realistic simulation of 2005 using the high-resolution (350 m in the 
Sound) MoSSea model.  Similar files had been created previously for 2006 fields.  The PI also prepared a 
writeup of the processing procedure for a NOAA Technical Memorandum, and attended several project 
meetings. 

B2. Top Down and Other Studies 
U.S. and Canadian scientists agree that a unified understanding of the mechanistic association between 
Salish Sea bottom-up processes and juvenile salmon survival is vital. However, LLTK, PSF and affiliated 
scientists have initially determined that less U.S.-Canada alignment may be of value when investigating 
the multitude of other factors that may be contributing to juvenile salmon mortality in the Salish Sea. To 
more broadly evaluate these factors, the U.S. and Canadian scientists will have more flexibility to focus 
on specific species, approaches, geographic areas, and distinct survival drivers. The results will then be 
shared, incorporated into cumulative factors and other comprehensive analyses, and will inform next 
steps in research on both sides of the border.  
 
The Canadian major top-down studies for 2016 include assessment of the impacts of seal predators on 
juvenile coho and Chinook, analysis of the spatial and temporal occurrence of harmful algal blooms, and 
an examination of microbe loads on juvenile salmon. Additionally, the Canadian side are carrying out some 
hatchery manipulation studies, involving alternative times of release of Chinook into the Strait of Georgia.  
 
Top-down studies in the US have focused on contaminants for Chinook (PSC funding), and beyond the 
Southern Endowment funded work, contaminants, disease and predation as part of a comprehensive, 
predominantly top-down Puget Sound steelhead marine survival research effort, funded with Washington 
State appropriations.  
 
B2.1 Disease & Health- Canada 
Team: Kristi Miller-Saunders (DFO-PBS),  David Patterson (DFO), Emiliano Di Cicco (PSF), Scott Hinch, 
Anthony Farrell, Curtis Suttle (UBC), Ralph Vanderstichel (UPEI), Hugh Ferguson (St. Georges University), 
Brian Riddell (Lead, PSF) 
 
Budget Category = “Disease and Health” numbers 1 and 2 on the PSF budget provided below.  

Objective: 
The main objective of the Strategic Salmon Health Initiative (SSHI) is to determine what 
pathogens/diseases, if any, may be undermining the productivity and performance of BC salmon, their 
evolutionary history, and the potential role of exchanges between wild and cultured salmon.  
  
Background: 
Samples collected from the juvenile sampling study (described above) are used for a variety of 
physiological and genomic studies, involving a number of researchers from UVic and DFO. 
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Researchers are using novel genomic approaches that utilize the activity of the genes to conduct 
physiological assessments to identify potential stressors and diseases impacting salmon and apply 
quantitative assays to monitor dozens of infectious agents to identify viruses, bacteria and microparasites 
undermining salmon health and survival.   The sampling program utilizes a trajectory from freshwater 
through the first 9 months of marine residence, and thus the conditional state of fish can be monitored 
even before they enter the Salish Sea.  Prior analyses have suggested that salmon pre-condition can be 
highly predictive of survival as they move into new stressful environments.   
  
In the previous phase of the project, the team developed and analytically validated a high throughput 
molecular-based infectious agent monitoring platform to detect and quantitative 46 pathogens known or 
suspected to cause disease in salmon world-wide simultaneously in 96 fish.  This platform is being applied 
to over 26,000 wild, enhancement hatchery and aquaculture salmon in the current phase of the project 
(2b) to discover the microbes present in BC salmon and their spatial and temporal distributions within and 
among species and cultured and wild stocks.  Multiple metrics to assess physiological and organismal 
impacts are being merged with the microbe data to discern the pathogenic potential of each microbe.   
  
Status: 
In this second year of the SSHI project, they analysed 47 infectious agents across >10,000 BC salmon, 
characterized Heart and Skeletal Muscle Inflammation disease for the first time on a BC salmon farm, 
developed a novel molecular tool based on biomarkers from the host transcriptome to identify fish in a 
viral disease state - which was successfully applied to identify 9 novel viruses in BC salmon, and developed 
and applied an in situ hybridization technology to study PRV-related disease development in Atlantic and 
Pacific salmon in BC.  In 2017, they have 13 primary publications published, in press, or in final stages of 
review, with 6 additional manuscripts near completion.  Studies performed by UBC students that have 
merged infectious agent monitoring with tracking or holding have yielded novel insight into agents 
associated with poor survivorship outcomes in smolt and adult salmon.  Research on PRV-related diseases 
is suggesting that there may be a very real risk to migratory salmon from salmon aquaculture posed by 
this virus.  Finally, a study in Chinook salmon merging infectious agent monitoring with multiple levels of 
physiological data, from transcriptomics (molecular) to blood chemistry (protein) to histopathology 
(cellular) is revealing the agents with highest pathogenic potential in migratory Chinook salmon smolts in 
the Salish sea.   

Outcomes:  
 The SSHI project specifically addressed the hypothesis that infectious disease is impacting early 

marine survival of salmon in the Salish Sea.  The project also addresses the potential that salmon 
aquaculture interactions may contribute to risk of disease in Pacific salmon smolts.  The project 
has identified a number of infectious agents that are showing strong pathogenic potential in the 
Salish sea environment, most notably parasites Pavicapsula minibicornis, Ceratonova shasta, 
Loma, Paranucleospora theridion, and Tetracapsuloides bryosalmonae, and viruses PRV and ENV.  
Moreover, two different strains of a novel arenavirus have been shown to infect Chinook and 
Sockeye salmon in the Salish sea, and their potential linkages with disease is currently under 
study.  Their sockeye smolt tracking studies have identified linkage between IHNV and migratory 
survival in the river, but it appears that predators, specifically Bull Trout, largely consume infected 
fish before the reach the Salish Sea.  Hence, their research is also demonstrating linkages between 
infection status and risk of predation, and the potential role that predators may play in removing 
infected individuals and thereby increasing the general health of the populations.  Given the 
strong evidence that seals may be consuming large numbers of smolts, it would be highly useful 
to determine if infection status could pose an enhanced risk of predation.  

 Their SSHI project (phase 2b) is a three year project and they are well on track with meeting their 
objectives.  They are now focusing in on agents with highest pathogenic potential and gathering 
the evidence to support their potential for impact.  They are also running smolt samples collected 
over a decade and will assess whether any agents, or combinations of agents are associated with 
year-class strength, stock-specific marine survival estimates, and life-history variation 
(subyearlings are faring better than yearling Chinook).  For the latter question, they have already 
shown that the agents of most concern are found at higher prevalence and show stronger levels 
of seasonal truncation in yearling Chinook, potentially contributing to their poor performance.   

 They are on track, and have exceeded their expectations in terms of the development of novel 
approaches and technologies to study disease impacts in wild salmon.  The molecular viral disease 
diagnostic tool and the in situ hybridization tool (specifically developed by PSF fellow Emiliano Di 
Cicco) were not anticipated at project start but have greatly enhanced their ability to move from 
agent to disease characterization.  

 This project will contribute to their understanding of the role of infectious disease in early marine 
survival of salmon, but is also contributing to ongoing risk assessments associated with the salmon 
aquaculture industry.   
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Lessons Learned: 

 Infectious agent/disease impacts on wild salmon and farm-wild salmon interactions is an 
extremely contentious topic of high interest to the public, First Nations, and ENGOs.  As many of 
their scientific approaches are novel, and the scale of their studies far exceed any conducted 
previously, there is a great deal of concern by regulators and the aquaculture industry that they 
may uncover inconvenient findings.  HSMI is a case in point, and jaundice in Chinook salmon is 
proving to be equally challenging to convince regulators to pay attention to.  DFO has set a very 
high bar on what it considers to be evidence of risk—the demonstration on of population level 
impact in the form of near extirpation of at least one CU. They are not sure that any of the 
hypotheses could meet that challenge in a short time-frame of investigation.   

 Their project aimed to determine not only whether infectious disease is a significant factor in early 
marine survival, but which agents are of concern and where they are transmitted from.  Their 
large-scale agent monitoring is identifying agents with shifting prevalence and abundance in the 
early marine environment consistent with mortality, physiological studies are revealing agents 
associated with impacts on the host, and tracking studies have clearly demonstrated that certain 
infectious agents can be associated with reduced migratory survival.  Next steps will be to scale 
down to the agents carrying the strongest pathogenic potential in their studies and conducting 
disease challenge studies in the laboratory for those that are not well understood.  These studies, 
which will include sublethal impacts of infection, e.g. swim performance, visual acuity, predator 
avoidance response, etc, will identify the agents that are the highest risk and for which mitigation 
measures, if possible, should be applied.  Mitigation could be in the form of reducing incidence of 
infection in cultured fish to reduce transmission potential, optimizing the health and condition of 
hatchery fish to minimize susceptibility to infection (they have another project that has developed 
a tool to monitor health and condition above and beyond infectious disease), identifying whether 
certain fishing gear are selective towards poor condition fish, like predators, and could reduce 
infection levels in returning adult salmon, and potentially others.  

 The SSHI was co-funded by the Salish Sea Marine Survival Program, genome BC, DFO and NSERC, 
and the collaboration between these organizations/granting agencies was critical to the success 
of this very large, comprehensive study.  Now is the time to take stock of how other projects 
within the Salish Sea might be integrated to better understand cumulative impacts of stressors.  
As already mentioned, predation risk associated with infection status is of high interest as they 
have already demonstrated this relationship for Rhinoceros Auklets and Bull Trout.  For adult 
salmon, their NSERC funded research has also demonstrated cumulative impacts of catch-release 
fisheries and disease development on survival.  They expect that stressors such as harmful algal 
blooms and low dissolved oxygen may also act synergistically with disease development; case in 
point are PRV-related diseases.   

 
This project is expected to contribute to the following strategic outcomes; they illustrate under each 
the progress being made in the first half of the second year of the project: 
 
1) Develop innovative high throughput diagnostic tools for monitoring by regulators, industry, and 

researchers 
 End Users: In the first year of the project, they were approached by a variety of groups 

external to their project to apply this platform in other salmon research, and as a result 
have developed new collaborative research with University of Toronto, University of 
California Davis, University of British Columbia, Norwegian Veterinary Institute, Laval 
University, Atlantic Salmon Federation, and Hakai.  As well, upon development of the 
platform, they were approached by the Canadian Food Inspection Agency and BC Centre 
for Disease control to provide advice on the application of this technology in other study 
systems.  In this reporting period, CFIA researchers visited the Miller laboratory to be 
trained on the instrument and to begin discussions on how to develop the platform for 
agricultural viruses.  The David Suzuki Foundation also approached us to try to gain access 
to the platform for studies they foresee carrying out.  These outcomes were well beyond 
their stated expectations. 
 

2) Identify pathogens and diseases that pose biosecurity risks to Pacific salmon 
 After the discovery of HSMI on a salmon farm in BC, they began conducting further 

analysis on Pacific salmon to determine if the PRV virus is associated with, and ultimately 
causative of HMSI disease in Pacific salmon.  Preliminary analysis of audit data suggests 
potential association between PRV and jaundice/anemia in Chinook salmon, matching 
findings in Norway for rainbow trout, and in Japan and Chile for coho salmon.  

 In this past year, they identified nine novel salmon viruses from aquaculture and wild 
individuals showing molecular signs of disease, some also with unexplained pathological 
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lesions.  More information on where these viruses may have originated, whether they are 
detected in farmed and wild salmon, and their potential to associated with pathology in 
both is being pursued.  

 As important as the identification of pathogens that pose a biosecurity risk is the 
identification of agents that are not currently detected and therefore are not, at present, 
a risk to wild salmon.  Most of the most virulent pathogens on their panel, those that are 
OIE reportable, have not been detected in the over 16,000 salmon analyzed thus far.   
 

3) Contribute to DFO risk assessments associated with pathogen transmission from salmon farms 
and salmon enhancement hatcheries 

 In the first year of the project they identified the range of microbes observed on farms (in 
dying salmon) across the industry, but had not yet contrasted this distribution with wild 
salmon, something they are now doing in the second year of the project.   

 This year, they began a collaboration with Hakai and University of Toronto in which they 
will work out the technical details of assessing infectious agents from filtered water 
samples and they began processing a preliminary set of samples collected in the spring of 
2017. Just before this, they had begun collaborating with Norwegian researchers who are 
taking a similar approach, applying non-invasive biosecurity monitoring that also relies on 
filtered water samples, rather than destructive samples from fish, to monitor the 
distribution and spread of infective agents between farms.   

 In the summer of 2017 they were approached by the Aquaculture Management Division 
about starting an eDNA project to discern: 1) whether marine fishes (potential 
transmission vectors) are attracted to active salmon farms, 2) what infective agents are 
concentrated more at farm sites than in areas without farms and how far away from 
active farms are agents are detected, and 3) how long farms need to be fallowed to 
eliminate residual infective agent detections (see above). This project will use information 
from the SSHI to identify the infective agents found on farms.   

 All three eDNA projects, run parallel with the SSHI, could provide highly useful inputs for 
oceanographic models currently being developed and utilized in aquaculture risk 
assessments.  

 To date, their analyses have shown that bacterial agents (and diseases) are more 
commonly detected on farms than in migratory salmon, while fungal and protozoan 
parasites are more common in migratory salmon.  Interestingly, only two “known” viruses 
have been detected in both farmed and wild fish (ENV and PRV.  In year two, their project 
is assessing the risk that PRV may pose on wild salmon and transmission potential 
between farmed and wild salmon (where prevalence is much stronger on farms—70% 
versus <10%).   

 While still early days, they have already determined that three of the novel viruses 
detected on farms are also detected in migratory salmon, most notably Chinook salmon.  
Interestingly, two of these have not been detected, to date, in high loads in farmed 
Atlantic salmon, but rather in farmed Chinook salmon.  So far, these viral agents appear 
to be more common to the west coast where most Pacific Salmon are farmed. More work 
is required to assess whether there may be transmission potential from farmed to local 
wild salmon populations on the west coast, which is especially pertinent as the main 
industry expansion is anticipated along the west coast of BC.   

 In situ studies, which are still ongoing, have revealed a role of the same strain of PRV in 
the development of disease in BC Atlantic and Pacific salmon.   

 
B2.2 Harmful Algal Program - Canada 
Team: Svetlana Esenkulova (PSF), Nicky Haigh (HAMP) 
Budget Category = “STAFFING” on the PSF budget provided below. (S. Esenkulova is paid PSF staff). 

Objectives: 
To determine the prevalence of harmful algal blooms in the Strait of Georgia and their impact on juvenile 
salmon. 
 
Background: 
The harmful algae program was developed during 2014 with a pilot study in Cowichan Bay. This program 
is now fully implemented with collections of phytoplankton taking place throughout the Strait of Georgia 
in the citizen science program. Samples are being collected from stations from February to November, 
primarily from surface waters, but at a number of depths (surface, 5, 10, 20m) from 3-4 priority stations. 
Phytoplankton data collected are biomass estimation, identification and enumeration of dominant 
species, % of constituent groups (diatoms, dinoflagellates, silicoflagellates, raphydophites, nanoplankton, 
zooplankton), and identification and enumeration of all harmful algae. The water quality data collected 
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concurrently with the phytoplankton samples will be used to determine the conditions that appear to 
promote the development of harmful algal blooms. 
 
Lab studies to assess the conditions that promote development of harmful toxins are currently under 
development. The field project may be augmented in 2016 with studies to assess whether juvenile fish 
are able to actively avoid blooms in marine waters. 
 
Status: 
Based on thousands of samples (collected bi-monthly from February to October at ~80 sites) in 2015 and 
2016, they have unprecedented, high-resolution data on phytoplankton dynamics in the Strait of Georgia. 
Phytoplankton biomass and composition were strikingly different in 2015 and 2016, and appear to be 
closely associated with nutrients and environmental parameters. There is a clear synchrony in 
phytoplankton dynamics across the Strait, however it differs significantly on location-scale. They observed 
effects of harmful algae on juvenile salmon in Cowichan Bay in 2014, 2015, 2016 and the effects were 
consistent with these confirmed on salmon farms in BC and papers worldwide. 
 
2015 
An unusually early spring phytoplankton bloom in 2015 was associated with higher than normal water 
temperatures in the Strait of Georgia and early snowmelt. Lower summer biomass and dominance of 
diatoms (low dinoflagellates contribution, silicoflagellates, and raphidophytes) were associated with 
lower than usual river discharges and rainfall in summer. The year of 2015 was unusually quiet in terms 
of harmful algal blooms: there were no toxic blooms to salmon throughout the sampling period; moderate 
and high levels of Chaetoceros convolutus/concavicorne (mechanically harmful to salmon) were observed 
in Cowichan Bay, Baynes Sound, Campbell River, Lund, Powell River, and Irvines Sechelt at the end of May 
and beginning of June.  
 
2016  
In 2016, the spring bloom was recorded several weeks later than in 2015; it was comprised by a mixture 
of species (Thalassiosira spp., Skeletonema costatum, Chaetoceros spp.), whereas the spring bloom of 
2015 was comprised mostly by one species (Skeletonema costatum). The phytoplankton composition (in 
terms of groups: diatoms, dinoflagellates, etc.) in 2016 was more normal then in 2015. The year of 2016 
was somewhat unfavorable in terms of harmful algal blooms: there were elevated levels of non-skeletal 
Dictyocha (toxic to salmon) observed after periods of heavy rains in some areas, moderate blooms of 
Rhizosolenia setigera (mechanically harmful), low-moderate levels of Heterosigma akashiwo (toxic) in few 
areas in late August/early September samples. There were several non-harmful blooms (Ditylum 
brightwellii, coccolithophores) observed in summer. 
 

Citizen Science data on phytoplankton collected in 2015 and 2016 was presented at the DFO State of the 
Pacific Ocean (SOPO) meeting in Sydney attended by 200 people from government and academia. For the 
first time the SOPO Report contains fundamental information on the in-situ phytoplankton at high 
resolution scale (thousands of samples collected bi-monthly from February to October at ~80 sites). 
http://waves-vagues.dfo-mpo.gc.ca/Library/40617944.pdf SOPO report  
 
2017 
In 2017 Citizen Scientists collected about 2000 phytoplankton samples (bi-monthly from February to 
October at ~80 sites) across the Strait of Georgia. While only about half of the samples are analyzed as of 
October 2017, there are already some interesting results lining up: very low but unusually widespread 
presence of Dinophysis spp. (cause Diarrhetic Shellfish Poisoning) in July and beginning of August, lot of 
Alexandrium spp. (cause Paralytic Shellfish Poisoning) in some areas, Dictyocha spp. (toxic to salmon) 
blooms in Irvine’s Sechelt, Powell River, Lund, and Galiano areas in late July through mid-August, 
moderate concentrations of Rhizosolenia setigera (cause mechanical irritation to gills) in some areas.   
 
Outcomes: 

 High-resolution, in situ data on phytoplankton dynamics in the Strait of Georgia, 2015, 2016, and 
2017 provided a solid foundation for understanding bottom-up control of zooplankton and 
herbivories fish dynamics (bottom-up control for salmonids).  With an additional data from 2017 (a 
year not affected by El Nino), it will be possible to establish a statistically significant links between 
phytoplankton and environmental characteristics in the SoG. Having enough zooplankton data, will 
enable to investigate environment-phytoplankton-zooplankton relationship and (in cases when 
zooplankton sampling is limited) to anticipate/forecast trends of juvenile fish food abundance 
based on environmental/phytoplankton data. 
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 Studying effects of harmful algae on wild juvenile salmon in the Cowichan Bay 2014-2016 (top-
down study) provided a body of evidence that wild salmon is negatively affected by harmful algae 
in the same way as the aquaculture salmon in BC (harmful algae directly affect salmon survival: 
toxic algae through acute or chronic toxicity and mechanically harmful algae through gill damage). 

 Known harmful algae are enumerated in every sample collected by the Citizen Scientists, one of the 
enumerated groups - species from genus Alexandrium. Most species of Alexandrium produce highly 
potent neurotoxins that cause Paralytic Shellfish Poisoning (PSP) and in very high concentrations 
can cause fish kills. PSP closures occur in the Strait every year which is a challenge for shellfish 
growers. In their study, based on over 1000 phytoplankton samples collected by the Citizen 
Scientists in 2015, they found that the location and season were the most important factors in 
Alexandrium spp. distribution. Full report was published in Harmful Algae News, an 
Intergovernmental Oceanographic Commission’s newsletter, in March 2017. http://www.e-
pages.dk/ku/1276/html5/  

 Unexpected outcomes: juvenile salmonids significantly reduced feeding and their diets were 
somewhat unusual during high biomass (very thick) non-harmful blooms. 

 Collecting data, observations, and analysis of phytoplankton dynamics (including harmful algal 
blooms) could potentially increase hatchery salmon survival through timing of the hatchery releases 
with favorable phytoplankton conditions. Continuing phytoplankton monitoring program (e.g. 
Citizen Science Program or smaller scale program in important to juvenile salmon areas) provides 
information (both bottom-up and top-down in terms of phytoplankton effects on juvenile salmon) 
that can improve the accuracy of adult returns forecasting and reducing uncertainty around the 
role of the marine environment in overall productivity. 

 
Lessons Learned: 

 High resolution data could be used for establishing the links between environment-
phytoplankton-zooplankton and understanding local food web interactions which in turn could 
enable evaluation of the role of bottom-up control of juvenile salmon survival 

 Phytoplankton dynamics in the Strait of Georgia are directly connected with the environmental 
conditions of the Strait (no stat yet but there are some obvious connections with Fraser River 
discharge and precipiation) 

 Phytoplankton dynamics in the El-Nino year 2015 were anomalous – very early and strong spring 
bloom, lower summer biomass, diatoms dominated throughout the whole sampling season 

 Phytoplankton dynamics in 2016 and 2017 – different time and species composition of the spring 
bloom, higher summer biomass, high abundance of silicoflagellates in some areas at the end of 
the summer, higher contribution of dinoflagellates then in 2015 

 Although there is a clear synchrony in phytoplankton dynamics, there are also some very 
substantial (logarithmic scale) regional differences  

 Numerous evidence that algal blooms and harmful algae presence directly affect juvenile salmon 
in enclosed embayment 

 Collected data on phytoplankton dynamics in the SoG through Citizen Science Program proved to 
be exceptionally cost effective and useful to various agencies 

 Phytoplankton in situ data was used in numerous SSMSP activities with the most notable ones:  
- Juvenile studies by Chrys Neville, DFO – 4 year background data for the cowichan purse seines 
and beach seines.  Clear evidence that juvenile salmon feeding is negatively affected by 
phytoplankton blooms (non harmful), evidence that mechanically harmful algae affect gills and 
toxic algae liver (however numbers of histological samples is low to establish a definite link) 
- Dr. Maycira Costa - 2016 summer coccolithophorids blooms data was used for “Ferry Ocean 
Colour Observation System (FOCOS): acquisition of autonomous, continuous in situ above-water 
hyperspectral reflectance data from ferry platforms for validation of Sentinel-3 imagery” 
IOSC2017 meeting 
- Stephanie King “Phytoplankton in the Salish Sea 2015-2017” poster for the SSMSP Canada 
meeting 
- Dr. Karyn Suchy will be using phytoplankton database to establish zones of the Strait of Georgia 
- Collaborative presentation based on the envorinmental data, phyt- and zoo- plankton data 
(Citizen Science data) and potentially stomach content data (trawl surveys) from Irvine’s Sechelt 
for the Salish Sea Ecosystem Conference: Dr.Perry, Dr.Suchy, Chrys Neville 
The collaborations have been highly effective. 
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B2.3 Predation Studies- Canada 

Predation by Harbour Seals on Salmon Smolts ― Study Completion 
Team: Dr. Andrew Trites, UBC; Dr. Austen Thomas, Smith-Root; Sheena Majewski, Pacific Biological 
Station; Dr. Ruth Joy, SMRU Consulting; Dr. Dom Tollit, SMRU Consulting 
Budget Category = “PREDATION” number 1 on the PSF budget provided below.  

Objective: 
To determine the prevalence of juvenile salmon, particularly coho and chinook, in the diets of seals in the 
Strait of Georgia, and to clarify the impact that the current seal population is having on coho and chinook 
populations. 
 
Background: 
High rates of predation by harbour seals on salmon smolts may explain the decline and lack of recovery 
of coho and Chinook salmon in the Salish Sea. They have tested this hypothesis using models to estimate 
predation rates from the frequency of occurrence of smolt remains contained in the faeces of harbour 
seals in estuaries. They also directly measured predation near Big Qualicum River by capturing 20 adult 
harbour seals and equipping them with biologging tags. Preliminary results indicate that 20% of harbour 
seals in the Strait of Georgia may be eating over half of the smolts that enter these coastal waters. These 
high rates of predation require validation using additional diet data from non-estuary sites, and an 
independent method to reconstruct diets. Foraging behaviours of the few seals they recorded exploiting 
smolts also needs further investigation to determine whether these individuals used specific foraging 
strategies targeting smolts, or whether they were behaviorally no different from the seals that did not 
consume smolts. They will assess behavioural differences using the 3D accelerometry data recorded by 
the 20 tagged seals, and will address major uncertainties in their estimates of predation by collecting 
additional seal scats in 2016 from non-estuary sites. They will also compare their 2016 estimates of diet 
derived from DNA metabarcoding and hard-part frequency-of-occurrence with a third method―biomass 
reconstruction. This research will complete their study and ensure robust estimates of predation and a 
fuller understanding of the predatory behaviour of seals ― informa on that is needed to design mi ga on 
strategies. 
 
The long-term goals of this research are to 1) estimate the numbers of chinook and coho smolts consumed 
in the Strait of Georgia by harbour seals, 2) evaluate their impact on salmon recovery, and 3) propose 
ways to mitigate the impact of seals. 
 
The short-term objectives of the 2016-2017 project are to 1) address major uncertainties in their 
estimates of predation in terms of where scats were collected and the methods they used to reconstruct 
diets, and to 2) complete their analysis of the foraging behaviours of seals that eat smolts and those that 
do not to identify ways in which predation risk might be reduced. These studies will ensure robust 
es mates of preda on and will provide a fuller understanding of the predatory behaviour of seals ― 
information needed to design mitigation strategies. 
 
The 2016-2017 work plan includes the following: 
• Collect harbour seal scats every two weeks for 8 months from 5 sites (April – November 2016) 
• Undertake DNA analysis and measure size of salmon otoliths recovered from 2016 harbour seal scats 
• Compare 2016 diet findings with samples collected in previous years from estuaries to determine if diets 
vary significantly by region in the Strait of Georgia 
• Recalculate estimates of mortality on salmon smolts caused by harbour seals in the Strait of Georgia 
• Compare biomass reconstruction estimates of diet for 210 samples collected in 2016 with estimates 
obtained using two other methods―frequency of occurrence and DNA metabarcoding 
• Assess the biases of the three diet reconstruction methods (from simulations and data), and recalculate 
(if necessary) estimates of mortality on salmon smolts caused by harbour seals in the Strait of Georgia 
• Process the acceleration data collected by the 20 tagged seals using specialized animal behaviour 
software to determine and compare time-activity budgets between seals that ate smolts and those that 
did not 
• Calculate the foraging efficiencies of the two groups of seals to assess whether targeting smolts is 
energetically beneficial or inconsequential 
• Assess whether seals that feed on smolts employ specialized foraging strategies or are behaviourally not 
different from the seals that do not consume smolts―and iden fy mi ga on strategies that could be 
employed to reduce predation risk on salmon smolts. 
 
Status: 
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This project expanded the range of estuary focused sample efforts to examine predation in non-estuary 
areas of the Strait of Georgia. Over 1300 scat samples have been analyzed to date from samples collected 
at 7 main sites (distributed throughout the Strait) from April-November 2016 and April-May 2017. 

 
In keeping with Strait of Georgia harbor seal diet studies conducted in the 1980s (Olesiuk et al. 1993) and 
recent estuary focused studies conducted 2012-14 (Thomas et al. 2017), they found that: 

 harbour seals consumed a wide range of prey both inside & outside estuaries; 
 gadids (primarily hake) and forage fish (primarily herring) are the most commonly consumed prey 

at most times of the year; 
 salmon consumption increased in the fall period (driven by adult salmon returns to river 

estuaries). 
 

Specifically, they found that salmonid consumption increased in the fall period by a larger degree at 
Cowichan Bay than other sites and that salmon consumption at non-estuary sites in 2016 was driven 
mostly by salmon occurrences at the Belle Chain islets which appear to be heavily influenced by the Fraser 
River. Preliminary analysis indicates that salmon predation in the spring consisted primarily of chinook 
and coho smolts, with lower rates of predation seen in non- estuary sites. 
 
Lessons Learned 
Where time permits a pilot season is critical to assist with site selection and ability to ensure adequate 
sample sizes, especially during spring when weather conditions and seal behavior makes sample collection 
very challenging. A larger team than initially proposed is required to complete larger scale diet studies; a 
team of samplers is basically required to be on call for the duration of the study to sample when and 
where weather and tide conditions allow. Processing of the samples (including DNA extractions in the 
genetics lab) is very time consuming, as are the bioinformatics analyses and dedicated technicians are 
needed to ensure consistency and efficiency.  

Getting adequate numbers of samples outside of estuaries is more challenging; the sites are more 
influenced by weather conditions and tides and sample availability far more variable. Volunteers were 
helpful when initially paired with/trained by experienced samplers. Sufficient lead time to establish a 
network of trained samplers at reliable sites would allow for increased sample frequency and geographic 
representation. Due to high seasonal, inter-annual and geographic variability in harbor seal diet and prey 
(salmon) availability, multi-year, all season studies are necessary (where resources allow) to more 
confidently capture patterns of predation and rates of salmon consumption.  

Next Steps 

 Analysis of hard parts data to confirm life stage of salmon (and other key species) consumed 
and examination of co-occurrence of species in the data will further assist in assessing how 
harbour seal predation affects salmon survival. 

 The data from this study will be used to update models and estimates of harbour seal related 
salmon mortality to be more representative of the SOG, including non-estuary sites where 
rates of salmon predation are lower than in estuary sites. 

 Sea lion diet data, further tagging of seals (to update population estimates and examine 
feeding behaviors throughout the Strait in spring and fall) and further sampling to fill gaps 
(once analysis of the initial data is complete) are needed to better understand the impact of 
pinniped predation on salmon survival. 

 
B2.4 Nearshore Habitat Studies- Canada 

Spatial temporal distribution of Nereocystis luetkeana (bull kelp) and use by juvenile salmonids 
in the Salish Sea  
Team: Maycira Costa, UVic; Nikki Wright, SeaChange Marine Conservation Society; Leanna Boyer, 
SeaChange Marine Conservation Society; Sarah Schroeder, Graduate student, UVic; and various 
collaborators 
Budget Category = “NEARSHORE HABITAT” number 1 on the PSF budget provided below.  

Objectives: 
The objectives of the expanded full project for 2016-2017 are: (1) to define the surface extent of bull kelp 
beds by using satellite imagery (present and historical) associated with sea-kayak surveys for several 
regions of the Gulf Islands (Salt Spring, Saturna, North and South Pender, and Mayne), and Comox and 
Cowichan estuaries, in collaboration with several environmental stewardship community organizations 
and First Nation groups. (2) To initiate a robust study on the use of kelp habitat by juvenile salmon in the 
Salish Sea. 
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Background: 
Kelp, specifically Nereocystis luekeana (bull kelp), form extensive forests in rocky habitats along the 
subtidal zone of the coast of British Columbia. Kelp forests provide important habitat for juvenile salmon 
attracting their preferred food and providing protection from predators. Of particular interest to the Salish 
Sea Marine Survival Project (SSMSP), kelp habitats have been shown to provide optimal feeding and 
refuge conditions for Chinook and Coho in the Strait of Juan de Fuca (Shaffer, 2003). Declines of Cowichan 
juvenile Chinook are largely attributed to their high mortality within the first four months in the southern 
Gulf Islands. One method of improving Chinook production is to find a way of improving kelp production 
(Beamish et al. 2011). However, there is a dearth of information of the existing populations and 
distribution of these kelp habitats in the southern Gulf Islands. As such, the need for kelp bed distribution 
for the Salish Sea was one of the main data gaps identified at the Salmon Habitat meeting in July 2014. 
Other research initiatives related to this proposal are the successful Kelp Mapping project using Satellite 
Technology and the Estuarine and Coastal Restoration in the Salish Sea.  
 
At present, the majority of kelp mapping is conducted manually via transects and aerial photography. 
Though effective, the strategy is labour-intensive, requires large time investment, and is limited by the 
areas surveyed. During 2015 Costa et al. carried out a successful short pilot project (3 months) to evaluate 
and define methodologies to use satellite imagery (present and historical) to map the aerial extent of kelp 
beds on BC coastal waters. The 2015 pilot project is now finished and the full project goal for 2016-2017 
is to apply the developed methods to the BC coastal waters and work together with local communities 
and First Nations in collaboration with SeaChange to improve data collection and the use of satellite 
imagery.  
 
Status: 
This project was begun in early summer 2016 with a new MSc graduate student, Sarah Schroeder, in the 
Costa Lab. In the summer of 2016 an intense field survey was conducted in Cowichan Bay, Mayne Island, 
and Pender Island in collaboration with SeaChange and local communities. Satellite imagery from Spot 7 
(6 m spatial resolution) and WorldView 3 (2 m spatial resolution) satellites were acquired at the time of 
sea kayak field survey. Further, after receiving the acquired imagery, a second phase of field survey was 
conducted in August/September to better characterize the main nearshore habitats. 
 
DigitalGlobe historical archived was compiled and images acquired from 2004 to present and digital 
methods developed.  High-resolution satellite imagery was used to create a time series of kelp distribution 
from Cowichan bay to the Southern Gulf Islands from 2004 to 2017.  Data are currently under evaluation. 
Snorkel and underwater video survey conducted bi-weekly from May to August 2017 on Cowichan bay. 
Stationary underwater video and snorkel transects have shown that kelp habitats are being utilized by 
juvenile salmon more than the adjacent non-kelp habitats. Data under analysis. 
 
Outcomes:  

 The results of the kelp mapping via satellite will be used to understand how changes in nearshore 
habitat may be affecting juvenile salmon survival. The results from analysis of juvenile salmon 
abundance in kelp and non-kelp habitat help to confirm the importance of kelp beds to the marine 
survival of juvenile salmon. 

 Satellite imagery effective for mapping kelp distribution. The kelp distribution maps extend from 
2004 to 2017. Gaps in the availability and quality of imagery data limit the ability to extend 
mapping to a longer-term data set as kelp beds in the region are small relative to the resolution 
of older images.  

 The salmon use of kelp beds study indicated a mismatch between the time salmon are entering 
the marine environment in April and May and the growth of kelp in Cowichan bay which became 
apparent in June.  In areas further from Cowichan bay kelp was present in early April. The data 
suggest a preference for nearshore rocky intertidal environment on the inside edge of kelp beds. 

Lessons Learned: 
 In order to create accurate kelp maps from satellite imagery the images must meet a certain 

criteria for tide level, sun glint, and sensor angle.  
 Kelp bed classifications which show kelp is not present must be weighted by the conditions of 

data collection such as the tide level and flow direction, the satellite sensor angle and sun glint.  
 The results of the kelp mapping show that satellites are an effective and accurate method for 

mapping kelp. When images do not have the right conditions, results may misrepresent the true 
distribution. Results will be available as a long-term presence and absence to account for issues 
in imagery.  

 Mapping of the kelp distribution in the Salish Sea should be continued and expanded.  Reports of 
large declines in the Central Strait of Georgia should be investigated.  Due to the natural variability 
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in Nereocystis populations a continuous long term data set will best capture trends in spatial 
extent and distribution.  

 The results of the relative abundance of salmon in kelp versus non-kelp habitats indicate that 
while salmon do appear to utilize kelp associated habitat more than non-kelp, the conditions in 
the study area were not ideal for comparison due to the delay in kelp growth and the size of the 
beds. Choosing a study area where kelp beds grow earlier in the season may produce results that 
are more representative of salmon behaviour. 

On-going activities: 

1. Distribution maps of kelp from 2004 to 2016. These results are weighted by the conditions present 
in the imagery, which may result in false negatives. The final products are being compiled as a 
validation procedure for all images is being developed.  

2. The results of the salmon use of kelp habitats are still being analyzed, as there are 100’s of hours 
of video to process and adjust for effects of turbidity and other conditions.  

 

Remote Sensing Methodology to examine the relationships between eelgrass distribution, 
upland land use and water quality. 
Principal Investigator: Dr. Maycira Costa, UVic 
Budget Category = “NEARSHORE HABITAT” number 7 on the PSF budget provided below.  

Objective:  
The goal of this project is to quantify the temporal and spatial dynamics of eelgrass habitats and associated 
adjacency catchment area land use change over time to further understand temporal changes and 
associated disturbance/environmental forcing. 
 
Background: 
Nearshore marine habitats are of great ecological and economical importance. Specifically, eelgrass 
meadows are one of the most productive and sensitive nearshore habitats. Part of their importance is to 
provide shelter and food to numerous species including Coho and Chinook salmon, and forage fish such 
as sand lance and herring. These habitats are threatened by human activities. Specifically, in the Salish 
Sea, as human population continues to grow, eelgrass beds have been documented as decreasing. 
However, there is a lack of understanding of the relative threats that are causing the decrease of eelgrass 
beds in this region. Current mapping efforts are underway to identify the occurrence of eelgrass and 
potential restoration areas.  
 
Aerial photography is a valuable tool for monitoring landscape and ecosystem change. Archived air photos 
may date back as far as the 1920s, providing the longest available time series in remote sensing data with 
high spatial resolution and tonal detail making it suitable for mapping temporal change in small habitat 
units such as seagrass meadows. The goal of this project is to quantify the temporal and spatial dynamics 
of eelgrass habitats and associated adjacency catchment area land use change over time to further 
understand temporal changes and associated disturbance/environmental forcing. They are analyzing a 
long time series of aerial photos (1950-2004) and more recent satellite images for defining eelgrass cover 
change and land use change in the drainage basin at different scales from the Gulf Islands National Park 
Reserve and adjacent areas. 
 
Status: 
The goal of this research is to use historic aerial photography and contemporary UAV imagery to 
investigate the long-term trends in eelgrass habitat distribution in the Salish Sea, and to investigate the 
potential impact of coastal development in the region on eelgrass habitats. The locations chosen for study 
were Village Bay, Horton Bay, and Lyall Harbour. 
 

Progress to date is as follows: 
1. Eelgrass was delineated in historic aerial photography & present-day UAV imagery using 
photointerpretation. Due to UAV environmental conditions and quality of historic aerial photography, 
3 sites were chosen to focus on: Village Bay, Horton Bay, and Lyall Harbour. A qualitative method of 
scoring the air photos based on quality for benthic habitat mapping was developed. 
2.  Shape indices calculated for each eelgrass meadow in each year were used as a proxy for meadow 
fragmentation because it describes shape complexity. 
3. Shoreline activities and housing density were digitized directly from aerial photography. Shoreline 
activity includes all instances of boat docks, built land and bulkhead, boats, and log booms. Housing 
density is defined as the number of houses in drainage area divided by the watershed area. 
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4. They performed statistical analyses to look at the relationship between the eelgrass metrics and 
the human impact metrics. 
 

Outcomes  
 Eelgrass change over time exhibits a downward trend (41%) from 1932-2016. However, due to 

changing technologies and air photo interpretability, it is likely that the interpretation of the older 
air photos is slightly overestimating the eelgrass area coverage because of aggregation of different 
submerged species that does not occur in later years. As such, the downward trend must be 
interpreted cautiously. 

 However, fragmentation appears to increase over time. For example, in Horton Bay, where a 
continuous band of eelgrass existed along the north shore of the bay until 2004, and then 
fragmentation happened after boat docks and significantly increased boat presence are observed. 

 Shoreline activities and housing density increased significantly over time. Many of the correlations 
between eelgrass metrics and these potential human impacts are very high (r>0.9). This suggests 
that increasing use of the coastal zone and changing water quality may indeed be playing a role 
in the declining trend in eelgrass observed. Specifically, the 1970-80’s period is characterized by 
large increases in housing density and shoreline activity from the earlier period in 1932-1950. Rate 
of eelgrass loss after 1975 appears to increase as compared to the previous period. 

 
Lessons Learned 
 
We do have evidence that there has been an overall decline or degradation of eelgrass nursery areas over 
the period from 1932-2016. However, this trend must be interpreted cautiously due to the quality of 
historical data. 
 
Deliverables 

1. Natasha Nahirnick, graduate student, is finalizing her research papers and will be defending by 
March 2018. 

2. Time series of eelgrass and shoreline change for Village Bay, Horton Bay, and Lyall Harbour. 
3. Protocols for historical aerial photos analysis and UAVs for nearshore habitats: research papers. 

 
Estuarine and Coastal Restoration in the Salish Sea 
Team: Nikki Wright, Executive Director, SeaChange Marine Conservation Society, Leanna Boyer, B.Sc., M.A. 
Jamie Smith, WCB SCUBA diver, photographer, videographer, Justin Bland, WCB SCUBA diver, Sarah 
Verstegen, WCB SCUBA diver, dive tender, SeaChange Operations Manager, Keith Erickson, R.P. Bio, 
Galiano Conservancy Association, Anuradha Rao, B.A.Sc., M.Sc., R.P. Bio., David F. Polster, B.Sc., M.Sc., 
R.P. Bio. , Doug Biffard 
Budget Category = “NEARSHORE HABITAT” number 3 on the PSF budget provided below.  

Objective: 
The purpose of this project is to continue to restore estuarine and coastal ecosystem resiliency and health 
in the Salish Sea for all species of salmonids and the marine food web upon which they depend.  
 
Background: 
This project is part of the bottom-up approach to improving food webs and nearshore habitats for juvenile 
salmon within the context of the Salish Sea Marine Survival Project. Eighteen sites are presently monitored 
for transplant density and coverage.  
 
For 2015 and 2016, the goal was to continue and expand this work. Three new components to the project 
will be added. The first is to add monitoring devices within their transplant sites to understand such 
parameters as annual sediment flows, water velocities, light availability and temperature. The second is 
to restore nearshore riparian vegetation in areas identified as critical nearshore marine habitats for 
juvenile salmon. The third is to begin research through a local university or college on mitigation methods 
that can be utilized to increase eelgrass growth in former log boom areas on a small landscape scale.  
 
Sites so far identified for the above works are the Cowichan Estuary and Genoa Bay, Squamish River 
Estuary, Salt Spring Island (Burgoyne Bay), and Burrard and Sechelt Inlets. Video footage will be taken of 
all monitored and newly transplanted sites. 
 
Eelgrass and riparian vegetation will be mapped in areas considered critical nearshore and coastal nursery 
habitats for salmon in the southern and central areas of the Salish Sea. Restoration of eelgrass (Zostera 
marina) will continue using a well- established science based methodology. Riparian shoreline areas will 
be restored where feasible.  Environmental indicators used to gauge the project’s success will include the 
number of potential restoration sites located through inventories, area increase in eelgrass habitat as 
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measured in meters square, measurement of transplanted eelgrass shoot densities and metres square of 
nearshore riparian areas restored.  
 
Activities in all locations will be conducted in consultation with First Nations. Where possible, training in 
habitat mapping and restoration will occur in these communities to increase capacity to conserve 
nearshore marine habitats. Presentations, field tours and school programs focused on the high value of 
nearshore salmonid habitats will continue to be an important stewardship component of this project. 
 
Status: 
Eelgrass (Zostera marina) restoration and conservation in the Salish Sea aligns with the SSSMSP objectives 
by 1) identifying management actions to increase the survival of Salish Sea wild and hatchery salmon and 
steelhead, and  2) reducing uncertainty of the role of the nearshore marine environment for salmon and 
steelhead survival. The project addresses both objectives by monitoring all critical nearshore salmon 
habitats of eelgrass transplant sites every 6 months for area extent and shoot density, monitoring water 
quality, sediment characteristics and quality, and advancing research of hydrogen sulfides in sediments 
that might be limiting factors for eelgrass survival in former log storage areas. 
 
Outcomes 
 
Restoration 
During the summer of 2016 SeaChange completed eleven eelgrass transplants in areas within protected 
bays and estuaries in the southern Salish Sea, totaling 866m². Three of the eleven sites were in BC 
Provincial Parks. We selected these sites as water quality is increased in more protected areas where 
backshore development is limited.  

During the summer of 2017, all 23 
transplant sites within the Salish Sea were 
monitored. Monitoring data will be posted 
on the Strait of Georgia Data Centre 
website (sogdatacentre.ca) with a 
complete report of all eelgrass recovery 
work accomplished since 2014.  
 
Based on shoot density and area extent, 
65% of the 23 transplant sites can be 
considered successful and 35% as failures. 
The majority of the transplants (17) were 
installed in degraded seabeds affected by 
logging storage, mining or cable 
placements. 
 
During February, 2017 over 130T of 
underwater debris were removed from the 

seabed of Tod Inlet, the site of one of their past eelgrass transplants. Future restoration of eelgrass habitat 
will occur at this site once sediment contamination issues are resolved. 
  
 In the fall and winter months of 2017, SeaChange divers are removing underwater debris from the seabed 
of Burgoyne Bay, Salt Spring Island to expand eelgrass habitat in the spring of 2018. This work is being 
accomplished in collaboration with BC Parks and Cowichan Tribes.   
 
Monitoring and Mapping 
Boundary Bay was surveyed for eelgrass density and extent in the fall of 2016 and 2017. The eelgrass maps 
produced will help guide local communities (Surrey and White Rock) in creating Best Practices to control 
non-point pollution inputs into the Bay. 
In October 2016 SeaChange staff presented the 
results of eelgrass surveys within Oak Bay 
Municipality to the Oak Bay community. It is hoped 
the Final Report and the eelgrass survey maps will 
help with the formation of Development Permit 
Areas within the municipality. We may have an 
opportunity to present the survey and 
recommendations during the Association of 
Vancouver Island and Coastal Communities (AVICC) 
Convention in 2018. 
 

Boat and motor on seabed of Tod Inlet removed in 2017 
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Eelgrass within Cowichan Bay was surveyed in June 2017 with funding support from three industries 
operating within the estuary. The survey will help inform future eelgrass restoration work planned for 
2019-22 in the Cowichan Estuary after a “Whole Watershed” approach is well underway led by Cowichan 
Tribes. 
 

Research 
There is a paucity of research data on the biological, chemical and physical 
impacts on marine subtidal environments in British Columbia from long 
term log storage in salmon habitats. In 2016 a student was recruited, 
under the supervision of Dr. Leah Bendall, (Dept. of Marine Ecology and 
Ecotoxicology, Simon Fraser University) to research levels of ammonia, a 
by-product of wood waste degradation in the sediment of former log 
storage sites which limit eelgrass productivity. The final report will be 
posted on the Strait of Georgia Data Centre web site. 
 
During the spring and summer of 2017, another research student was 

enlisted to sample and analyze hydrogen sulfides from sediment 
samples collected from all of the eelgrass transplant sites. She has 
researched the adaptive mechanisms of eelgrass shoots to limited 

oxygen within these sediments under the guidance of Dr. Sherryl Bisgrove (Associate Professor, Plant Cell 
and Developmental Biology, SFU Dept. of Biological Sciences) and Dr. Leah Bendall. The final report of 
research work completed to date will also be posted on the Strait of Georgia Data Centre site. 
 
Because of limited leveraged funding, no new transplants were undertaken during the spring and summer 
of 2017. The foci of their work during this time has been the analyses of contaminants within seabed 
sediments which limit eelgrass growth in the existing transplant sites, the removal of marine debris from 
Tod Inlet on southern Vancouver Island and Burgoyne Bay on Salt Spring Island, and planning for further 
restoration, monitoring and research in the Salish Sea. To this end, SeaChange was successful in its 
application for Coastal Restoration Funds to undertake underwater debris removal to expand eelgrass 
transplanting sites and marine riparian restoration in four regions within the Salish Sea. These include the 
Gulf Islands, Howe Sound and Burrard and Sechelt Inlets over the next five years. SeaChange will pursue 
leveraged funding to increase the scope of this proposed work. 
 
Community Outreach 
Eelgrass conservation activities included presentations during conferences and to municipalities and the 
public.  

 A Nearshore Marine Habitat workshop was organized in 
April of 2017 in collaboration with the Thetis Island 
Nature Conservancy. This two day event was held 
primarily on the shores of Thetis Island to address issues 
impacting eelgrass, forage fish and marine riparian areas 
in the Salish Sea.  
Representatives of the Lyackson First Nations community 
and six Gulf Islands, Dept. of Fisheries and Oceans, Parks 
Canada and the Vancouver Aquarium participated. An 
Elder from the Penelakut Nation gave a talk on the local 
First Nations knowledge and values of the marine 

environment surrounding Penelakut Island on the second day of the workshop. 
 
This symposium is a model for future gatherings, as most of the learning was outdoors on the shore. In-
door activities were centered on prioritizing areas in each group’s geographical area for restoration and 
conservation efforts. We hope to continue this hands-on participatory workshop model during the next 
five years in other regions of the Salish Sea. 
 
SeaChange continues its partnership with BC Parks, as the restoration of eelgrass habitats in more 
protected areas contributes to the success of each site recovery. Presently, transplant locations include 
Wallace Island, Montague Harbour on Salt Spring Island, and Halkett Bay on Gambier Island. A survey was 
conducted in the summer of 2017 of potential transplant sites in Sechelt Inlet BC Parks areas. 
 
A total of 125 community volunteers assisted with eelgrass restoration and marine debris removal in 
2016-7. Presentations on eelgrass ecology and transplant methods were made to the Cowichan 
community (Cowichan Water Board Speaker Series), students from Vancouver Island University 
(Tamagawa Botany program), Sidney Anglers Association, students at the ȽÁU, WELṈEW̱ Tribal School in 
the W̱SÁNEĆ community, approximately 40 classes from elementary, middle and high schools, and 
university students within the Capital Regional District, and four public events in Victoria and Gulf Islands 

Equipment used to collect sediment to measure 
rate of accretion within transplant areas. 



PSC 2017 Final Report (Jan 2017-Dec 2017)           Salish Sea Marine Survival Project 2017 

83 

(World Oceans Day, Marine Day at Witty’s Lagoon, the Institute of Ocean Sciences public event and the 
Lasqueti Island Squitty’s Bay Day). 
 
Deliverables 
A total of 3,005.4m² have been transplanted since 2014. Based on monitoring data in 2017, 30% (5) of the 
total eelgrass transplant sites (23) can be expanded in 2018, as indicated by increases in shoot density and 
area extent. Underwater debris removal in 30% of these sites will increase areas for further eelgrass 
expansion.  
 
The high points for SeaChange over the last four years have been the connections made with community 
groups and First Nations within the Gulf Islands and the southern Salish Sea. Without their in-kind 
contributions of local knowledge, labour and equipment, this project would not be as successful or robust. 
Partnership include the Tsleil Waututh, Shíshálh, Cowichan and Squamish First Nations, Mayne Island 
Conservancy Society, Pender Island Conservation Association, Squamish River Watershed Society, Thetis 
Island Nature Conservancy, Friends of Semiahmoo Bay, Galiano Island Conservation Association, Sidney 
Anglers Association, Pacific Salmon Foundation, Recreational Fisheries and Conservation Partnership 
Program (RFCPP), National Wetland Conservation Fund, Brentwood College, BC Parks, Moonstone 
Enterprises, Universities of Victoria and Vancouver and Vancouver Island, Hakai Institute, Municipality of 
Oak Bay, Simon Fraser University, Ocean Wise, Pacific Industrial Marine Ltd., Western Stevedoring and 
Western Forests Products (Cowichan Bay industrial partners). 
 
SeaChange has the privilege of working more closely with Cowichan Tribes for the next five years on the 
“Whole Watershed” approach to eelgrass recovery in the Cowichan Estuary. SeaChange is planning a 
restoration symposium during the Society for Ecological Restoration conference in February, 2018 at 
Simon Fraser University to highlight this restoration strategy for estuarine marine restoration work in the 
Salish Sea with other marine focused conservation groups, scientists, First Nations and government 
agency representatives. 
 
SeaChange has been very fortunate to have been part of the Pacific Salmon Foundation’s Salish Sea 
Marine Survival Project (SSMSP) during the last four years. The more holistic approach to understanding 
the low survival rates of salmon in nearshore environments is the beginning of a systems approach to a 
complex question. In 2017 a synthesis of the work accomplished by the Nearshore Habitat component of 
SSMSP will be produced, including kelp and eelgrass satellite imagery, forage fish surveys and habitat 
restoration. It is hoped this report will be completed by the end of December, 2017. 
 
Summary of Deliverables 

1. Monitoring 
 Completed sediment composition and chemistry analyses and reports from sediment samples by Ecotox 
Lab, Simon Fraser University – Drs. Vicki Marlatt and Leah Bendall, supervisors. To be posted on the SGDC 
website  
 Completed monitoring data for all 23 eelgrass transplant sites (including water temperature, velocity, 
sediment loads, and light attenuation).  
 Created synthesis report for all conservation work from 2013-2017 inclusive, to be posted December, 
2017 on the Strait of Georgia Data Centre web site. Received by December, 2017. 
 

2. Restoration 
 Eelgrass restoration was delayed this year*. Remaining funds ($20,000) from the Sitka Foundation will 
be used in the early spring of 2018 to transplant eelgrass in Burgoyne Bay. Leveraged funding will be 
sourced from Recreational Fisheries Conservation Partnership Program (RFCPP). Other restoration sites 
will be selected in the southern Gulf Islands with funds from the Coastal Restoration Fund (DFO) in 2018. 
 All sites will be monitored 6 months after transplanting.  
* The disruption in the eelgrass restoration schedule was due to a prolonged delay of delivery of leveraged 
funds (RFCPP). 
 

3. Research 
 Research of sediments within the transplant sites continued with the University of British Columbia’s 
with Dr. Mary O’Conner and the University of Simon Fraser with Dr. Sheryl Bisgrove. Subjects of research: 
Effects of non-point pollution on eelgrass food webs in Boundary Bay, and effects of multiple stressors, 
including log storage, continuing the work already supervised by Dr. Leah Bendell at SFU. 
 

4. Community Outreach 
 Partnerships with BC Parks and other agencies and stewardship groups continued to increase a net gain 
of salmonid nearshore habitats.   
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 Alliances with nearshore habitat conservationists and First Nations within communities surrounding the 
Salish Sea continued. 
 Outreach educational programs in coastal communities continued. Community meetings and 
conferences continued. 

Habitat and spawning surveys for surf smelt and Pacific sand lance in the Salish Sea. 
Team: Ramona C. de Graaf, BSc. MSc., Jackie Woodruff, GPS/GIS Manager 
Budget Category = “NEARSHORE HABITAT” number 4 on the PSF budget provided below.  

Objectives: 
Objectives of this work are to: 

1. Determine the spatial extent of spawning habitat and suitable habitats for surf smelt and Pacific 
sand lance in the Salish Sea 

2. Protection of forage fish resources (secondary capacity) in the Salish Sea 
3. Development of operational statements and best management practices for forage fish 

spawning/rearing habitats and marine riparian habitats for local government and stakeholders. 
 
Background: 
Sea Watch society’s projects focus on the declining habitat quality for two key forage fish species, surf 
smelt and Pacific sand lance, and coastal marine rearing habitat for juvenile salmon.  
  
These projects seek to advance the goal of the SSMSP to support the recovery of wild salmon and 
sustainable fisheries by identifying major factors affecting the survival of juvenile salmon in the Salish Sea 
by undertaking research activities that protect and restore critical salmon habitats.  Critical salmon 
habitats include those habitats that support spawning and rearing of prey species vital to salmon 
recruitment as defined by WA State ecosystem-based management principles for forage fish management 
and the BC Wild Salmon Policy.  
 
Along shoreline units that have been heavily degraded, restoration/enhancement recommendations will 
be made to aid habitat restoration projects to recover and protect declining Strait of Georgia surf smelt 
stocks, protect Pacific sand lance spawning habitats, and enhance juvenile salmon coastal rearing habitats.  
The maps and data will also assist in allocation of oil spill remediation resources.   Such a project is vitally 
important to protect and conserve critical marine fish habitats within the project locations.    
 
Status: 
Spawning Surveys by Sea Watch and Community Monitoring Efforts have been carried out for over 10 
years. In total, approximately 280 beaches monitored. Of these, 50 are positive for Pacific Sand lance, 52 
for Surf smelt, and 4 mixed Surf smelt/Pacific sand lance.  Over 30km of spawning beds have been 
monitored.  In addition, studies have been underway to elucidate the Surf smelt spawning stock structure- 
both in the summer, winter and year-round.  Strait of Georgia Surf smelt spawning stock structure is 
similar to that in Puget Sound with summer, fall/winter and year-round spawning.  Work continues to 
define the geographic boundaries and/or overlap of these stocks within the Strait. 
  
With respect to the Forage Fish Spawning Habitat Suitability Model, 12 Islands Trust islands have been 
completed and project is ongoing with 3-4 islands being undertaken for 2017-2018.  The Lower Mainland 
project consists of Howe Sound; English Bay/Burrard Inlet; and Delta/Surrey.  The Howe Sound project 
was delayed and will recommence in 2017.  The other components of the Lower Mainland project have 
been completed. 
  
Working with partners in Puget Sound, a beach condition model has been completed.  The matric allows 
for the consistent assessment and scoring of marine shorlines as to their current condition (health) of 
marine shorelines which are important as spawning/rearing habitats for Surf smelt, Pacific sand lance and 
neustonic insect prey for juvenile salmonids.  This model has been applied to English Bay/Burrard Inlet.  A 
technical report and potential journal publication of the model is being pursued with project partners. 
 
Other areas of progress include the development of the English Bay/Burrard Inlet Surf smelt Habitat 
Technical Review and Restoration Plan. This Plan will provide science-based recommendations to 

·      Protect critical forage fish resources 
·      Prioritize marine shoreline habitat Prioritize restoration areas 
·      Model the impact of sea level rise on setting conservation targets 
·      Prioritize enhancement of marine riparian vegetation 

  
Further Case Studies will include Denman Island and the Capital Regional District. 
 
Progress in 2017: 

1) Spawning surveys 
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Spawning surveys were conducted in Howe Sound, Bowen Island, North Pender Island, Gabriola Island, 
and Saturna Island.  On Gabriola, Pender, Saturna and Bowen Islands, the surveys included volunteers 
from their community science program (the BC Shore Spawners Alliance).  Howe Sound sampling was 
conducted by vessel and as such excludes volunteers due to liability issues.  There were several landaccess 
sites where they were met by local volunteers. They also sampled a restored beach which is part of project 
they began with multiple partners in 2012. There was evidence of Pacific sand lance spawning on Gabriola 
Island.  At the restored beach in Pat Bay, surf smelt embryos were detected (see Table 1). 
 

 
 

2) Embryo surveys  
 

Embryo surveys were conducted on 23 of beaches by five, community-based survey programs. Positive 
spawning beaches were detected for Pacific sand lance and Surf smelt (see Table 1).  Capacity-building 
was a key objective, and they accomplished this by increasing their training efforts on the Sunshine Coast, 
North Pender and Saturna Island.  Lasqueti Island Nature Conservancy and Lasqueti Island Forage Fish 
Team leader completed their articles relating to forage fish and were published in their online and printed 
newsletter. Conducting embryo surveys allows them to directly ascertain spawning habitat for Surf smelt 
and Pacific sand lance.  Identifying these critical fish habitats will allow for the conservation/protection of 
feeder fish important to Salish Sea salmonids    
  
BC Shore Spawners Alliance: The objectives of the 2016-2017 BCSSA program were to continue embryo 
surveys and spend more time assisting local groups in building skills.  They met these objectives.  
Additional trainings were held on North Pender Island, Saturna Island, and the Sunshine Coast to increase 
the capacity of local stewardship groups.  
  
In 2016-2017, they worked with the Friends of Forage Fish Sunshine Coast, Pender Island Conservancy 
Association on North Pender Island, Saturna Island Marine Research Society on Saturna Island, Thetis 
Island Conservancy on Thetis Island, and independent volunteers on Salt Spring Island and the Capital 
Regional District.  
 
In May, 2017, through the efforts of the FoFF Sunshine Coast, they worked with them and volunteers in 
Pender Harbour sponsored by grants from the Ruby Lake Lagoon Society.  A 2-day workshop was held 
with FoFF Sunshine Coast and Ruby Lake staff/volunteers.  We attended on Thormby Island for sampling 
and field assessments as well.  
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They worked with North Pender volunteers to improve their lab processing skills.  Through three days of 
field sampling, they also assessed their field sampling skills and sampled beaches throughout North 
Pender Island.  They spent a number of days helping with their winter sampling program.  
 
Three days were spent in winter and spring training coordinators and volunteers with Saturna Island 
Marine Research Society.  They  also worked on Saturna in May sampling and meeting with coordinators. 
 
The Salt Spring Island/Thetis project includes independent volunteers on Salt Spring (volunteers not 
affiliated with a local organization and several from their 2015 SSI community project) and volunteers 
with the Thetis Island Conservancy.  Their sampling efforts spanned the fall and winter spawning season 
of Pacific sand lance and known winter spawning stock on Salt Spring Island. The Capital Regional District 
Project spanned beaches from Sydney to Sooke.  Volunteers were drawn from their BC Shore Spawners 
Alliance contacts, most being from the former BCSSA/UVIC Ocean Students’ Society project.  
  

 
Surf smelt spawning stock structure:  
Consistent detection of Surf smelt in the Capital Regional District, Cowichan Valley Regional District and 
the Sunshine Coast Regional District throughout the year has greatly expanded their understanding of Surf 
smelt spawning stocks. 
 
Habitat Conservation/Restoration: The results of this project and the habitat suitability assessments have 
been vital to compiling statistics on beach habitat condition and stressors to these habitats.  They are 
confident that they have assembled a robust list of priority areas for restoration that will aid local 
stakeholders in the challenge of protecting these fish species.  
  

3) Howe Sound Project 
The entire shoreline of Howe Sound was surveyed and assessed for suitable forage fish spawning habitat 
and scored as to habitat condition and stressors.     The technical report makes recommendations to 
conduct future spawning surveys, habitat conservation, and beach enhancement/restoration. The 
shoreline of Howe Sound has a long history of utilization by resource sectors.  Shoreline spawning habitat 
has been degraded, altered or destroyed.  Of particular interest is the extensive negative impacts to the 
Furry Creek surf smelt spawning grounds, an area well known to DFO, yet the commercial (golf course) 
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and utility sectors have been permitted to extensively utilize and alter this important spawning ground.  
It was not surprising to encounter the impacts of foreshore structures, but the extent of complete habitat 
loss due to residential property owners at sites such as Sunset Beach and Lions Bay was unusual.  

Restoration Research on Kelp Forest Habitats in the Salish Sea 
Team: William Heath, Ph.D (Nile Creek Enhancement Society & Project Watershed Society); Sherryl 
Bisgrove, Ph.D (Simon Fraser University), Braeden Schiltroth (MITACS student SFU) 
Budget Category = “NEARSHORE HABITAT” number 5 on the PSF budget provided below.  

Objectives: 
Objectives of this project include the following: 
1) Estimate the extent of kelp forest cover/loss in the northern Salish Sea in recent decades and identify 
sites in need of restoration that would be of benefit to juvenile salmon 
2) Identify kelp stocks capable of growing at sites with stressful conditions (high temperature and/or low 
pH) by correlating sites that have retained kelp with recorded oceanographic conditions available from 
online databases (e.g. lighthouse SST databases on DFO Pacific website). 
3) Compare bull kelp growth and survival, faunal (fish and invertebrate) presence and detailed 
oceanographic conditions at 5 experimental sites and at a reference site. 
4) Examine the effect of density thinning of sea urchins on kelp abundance at a monitoring site. 
 
Longer term objectives: 
1) To identify sources of thermal stress-resilient genetic stocks of bull kelp (Nereocystis luetkeana) in the 
Salish Sea that can be grown in significant quantities to restore historical kelp beds as habitat for refuge 
and feeding of juvenile salmon. 
 
Background: 
The bull kelp, Nereocystis luetkeana (Mertens) Postels et Ruprecht, is an annual brown macroalga that 
forms canopies or kelp forests. It typically grows along rocky shores in the Pacific Northwest, especially in 
areas of moderate to high waves or currents, from below the lowest tide level to about 18 m depth 
(Kruckenberg 1991). Nereocystis is the direct energy source of herbivores and detritivores and their 
related food webs (Duggins 1988). Bull kelp forests provide critical habitat for food and refuge to a large 
number of important commercial and recreational fishery species, including salmonids, juvenile surf 
smelt, rockfish, lingcod, sea urchins and crabs (Leaman 1980, Duggins 1988). Nereocystis is highly 
productive, growing in size from microscopic to huge (10 m or more in length) in a single season. By fixing 
carbon dioxide and releasing oxygen, bull kelp can locally reduce oxygen depletion from biological and 
chemical processes and thus serve as both a carbon sink (Merrill and Gillingham 1991) and a supply of 
dissolved organic carbon (Eckman and Duggins 1991).  
 
Despite their high growth and reproductive capacity, bull kelp populations have been in steady decline 
within central Strait of Georgia (northern Salish Sea), including Lambert Channel and Baynes Sound, (Lamb 
et al. 2011) as well as in other parts of the Salish Sea in recent decades. Although the reasons for the 
decline are still being elucidated and have resulted in patchy habitat through many parts of the Salish Sea, 
this phenomenon is seemingly widespread on the Pacific coast of North America. Factors that may have 
had an influence on the disappearance of bull kelp beds include coastal development, rising ocean 
temperature, local changes in oceanographic conditions (e.g. salinity, increased turbidity and 
sedimentation), intensified herbivore grazing, or a combination of these (Steneck et al. 2002).  
 
This project is aimed at restoration research on critical nearshore bull kelp habitats for use by juvenile 
salmon in the Salish Sea. It builds upon and extends the findings of research funded by the SSMP in 2015 
(Heath et al. 2015) which has established: 1) an experimental system for environmental sampling as well 
as planting and analysis of bull kelp performance in the field; 2) the role of prolonged warm temperatures 
(>16C) and herbivore grazing in restricting bull kelp survival; and 3) methods for assessing stress-resiliency 
of bull kelp populations. 
 
2017 objectives were as follows: 

 To conduct a seeded line outplant experiment at Maude Reef grid (site MR; 7m depth; 49.49853 
N 124.68104 W) and at deeper sites on the seaward (outer) side of Maude Reef (MO; 10-12 m depth) 
and Cape Lazo shoal (CLs; 10-12 m depth; 49.69913 N 124.84165 W) in the Strait of Georgia. A 
reference site is located at Eagle Rock on southern Denman Island (ER or DI; 9-10m; 49.47715o N 
124.68375o W).  

 To collect scientific data to provide information on the possible barriers to natural recruitment, 
critical ecological and environmental interactions and ways to improve outplanting and restoration 
performance.  
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 To collaborate with experts and others to advance this complex marine habitat issue to create 
opportunities for further research and restoration work. A key step in 2017 is to continue to 
collaborate with Dr Sherryl Bisgrove of Simon Fraser University (SFU) and graduate student, Braeden 
Schiltroth, on kelp research that examines stress resiliency of developmental stages. In a second 
collaboration, tissue samples of kelp from BC locations are provided to Dr. Filipe Alberto of University 
of Wisconsin – Milwaukee for a coastwide population genetics study of bull kelp from Alaska to 
northern California.  
 

Status: 
Comparison of genetic sample results for population genetics of bull kelp.  
Genetic samples of the F1 generation were taken from Maude Reef site kelp plants of both sources in 
June and were analyzed separately by the lab of Dr. Filipe Alberto. Tissue samples from natural set bull 
kelp at Cape Lazo shoal were also submitted for genetic analysis. Preliminary results indicated that the 
“wild” Cape Lazo kelp profile resembled that of Campbell River kelp. The recent sample from Dodds 
Narrows near Gabriola Island also followed the profile of previous samples from the north Salish Sea. 
Results will be presented in more detail when available.  
 
Ecological services of bull kelp: During dive and boat operations at the experimental sites and at natural 
kelp beds during sori collection it was often observed that areas in and around the kelp were used by 
individuals and schools of juvenile salmon, forage fish and resident fish species (e.g. shiner perch, rockfish) 
and invertebrates (crabs, caprellid amphipods). These observations are important confirmations of the 
ecological service of kelp beds as refuge and feeding sites for many fish and invertebrate species in the 
Salish Sea.  
 
Comparison with the previous years (2014, 2015 and 2016) of observations:  
1. A major difference between environmental conditions observed in 2017 and those in 2014 and 
2015 was that temperatures in 2017 were consistently lower during spring (March to June) but rose to 
high levels (19 to 21 C) starting in late June through August whereas temperatures in June and July 2015 
dipped from above to below 15°C for periods of about a week, whereas in 2014 temperatures continued 
above 15°C and even 18°C for prolonged periods (over 30 days). There appeared to be significant recovery 
of condition of many plants in 2015 and 2016 in these periods of respite from higher temperatures. 
However, kelp condition decline resumed in late July and August 2015, likely due to warm temperatures 
and the influence of epiphytes and epizoans, but remained quite healthy for many plants in 2016 into 
August and even October at the deeper, outer Maude site.  
 
Thus kelp condition at Maude Reef sites was better in the summer of 2016 than in 2015 and 2014 (as well 
as in 2017), resulting in persistence of healthy bull kelp plants into September and October, with 
significant sori production and release.  
 
2. A large difference in natural kelp distribution among 2017, 2016, 2015 and 2014 was the reduction 
in the presence of “wild” bull kelp along the southeastern Denman Island foreshore. Instead of the typical 
fringing kelp bed in this area, only about 50 bull kelp plants grew in one patch there in 2015 followed by 
the total lack of recruitment of bull kelp there in 2016 and 2017. Diving observations noted the large 
increase in green sea urchin abundance in this area in a band or zone above the red sea urchins typically 
observed. The resulting grazing pressure may have had a negative impact on bull kelp abundance. At the 
reference site, in previous years, it also seemed that competition by other algal species may limit the initial 
density of bull kelp sporophytes while grazing pressure from sea urchin species limits the depth range of 
the kelp, preventing colonization of the cooler depths below 6-7 m. In addition, the 2014 cohort of bull 
kelp at Denman Island had poor development and release of sori, a factor that could have strongly 
influenced the initial density of sporophytes in 2015 and 2016. In 2017 and 2016 there were observations 
of wild set bull kelp on long-term mooring lines at the kelp study sites. 
 
Suggestions for Future Research  

The trend in several recent years (2013 -2015, 2017) of frequent prolonged periods of warm water (>15°C) 
in spring and/or summer months in areas of the Salish Sea such as Lambert Channel and Baynes Sound is 
a major challenge, along with heavy sea urchin grazing, to bull kelp restoration research and performance. 
In their on-going kelp research they propose the following approaches:  

 
1) To explore the selection of thermally tolerant bull kelp populations as parental stock for restoration 
planting. The planting work up to 2015 has used sori collected from kelp beds near Campbell River 
for production of kelp seed for planting at experimental sites. In September 2015, sori were also 
collected from the southern Gulf Islands area (Sansum Narrows) as well as Campbell River in order to 
compare the responses of kelp seed from these donor areas. Although F1 generations from both 
areas performed similarly at experimental sites in 2016, further trials will be conducted to select 
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thermally hardy stocks with guidance from genetic study results and stress tests of various life history 
stages. Potential candidates for sori collection are the kelp bed adjacent to Stanley Park in Burrard 
Inlet and a bed near Oyster River, south of Campbell River.  

 
2) To study the developmental biology of bull kelp life stages under a range of temperatures in a 
laboratory setting. This is research by collaborators (Dr. Sherryl Bisgrove and Masters student, 
Braeden Schiltroth, of the Department of Biological Sciences at Simon Fraser University) to examine 
factors that limit bull kelp survival and development in the spore, gametophyte and early sporophyte 
stages.  
 
3) To continue investigation at the more successful two additional kelp study sites with more depth 
and greater exposure to currents and/or waves for potential temperature moderation. Sites at CLs 
and MO were demonstrated to be better in supporting bull kelp growth and maturation in 2016 so 
were retained in 2017. 
 
4) To investigate the wider use of “conditioned” rope for collection of “wild”set sporophytes at 
experimental and reference sites. This approach has potential to add to kelp restoration knowledge 
and to reproductive amplification in the study area, at low incremental cost.  
 
5) To investigate the reduction of sea urchin densities as a treatment to enhance recruitment success 
by bull kelp at selected sites with historical presence of kelp beds.  

 

B2.5 Hatchery –Wild Interactions 
Team: Mel Sheng (SEP-DFO- now retired), Dave Willis (SEP- DFO), Ryan Galbraith (SEP- DFO), Matt Foy 
(SEP- DFO) 
Budget Category = “HATCHERY ASSESSMENTS” on the PSF budget provided below. 
 
SEP and PSF have been working in partnership on several projects designed to assess hatchery-wild 
salmon interactions in the Salish Sea, as well as to improve understanding of the behaviour, marine 
distribution, habitat use and competition between hatchery and wild salmon. This work also investigates 
various means to produce hatchery fish that survive at higher rates in the marine environment, which 
could then allow for reductions in hatchery production while sustaining or improving adult salmon 
production. 

Delayed release of hatchery coho and Chinook salmon 
Budget Category = “HATCHERY ASSESSMENTS” Number 1 on the PSF budget provided below. 
 
This study has two main objectives of exploring release strategies that may improve the marine survival 
rates and distribution of hatchery coho and Chinook salmon, as well as reducing competition in the early 
marine environment between hatchery and wild salmon.  Five hatcheries (Big Qualicum, Quinsam, 
Seymour, Inch and Chilliwack) will hold trial groups of Chinook and/or coho salmon in the hatchery beyond 
the traditional release timing of May through to late June/early July, which is several weeks after most 
wild juveniles, will have entered the marine environment. Juvenile fish will be released at a size that is 
expected to be consistent with naturally occurring salmon in the ocean at that time. By holding hatchery 
salmon longer, a period of several weeks of potential competitive interactions is eliminated. In addition, 
both recent (Beamish) and historic (Bilton) scientific work has suggested that juvenile salmon that enter 
the Strait of Georgia later and larger and that are able to grow fast are able to survive at higher rates than 
those that enter earlier. Furthermore, studies on wild coho at Black Creek have demonstrated that wild 
coho that enter the marine environment later and larger can have a tendency to maintain an “inside” 
distribution with the Salish Sea. For hatchery coho, this means that they would be more susceptible to 
catch in the summer Georgia Strait sport fishery, which historically was as high as 1 million fish retained. 
 
Status: 
This project has successfully collected broodstock for experimental releases of Chinook and Coho salmon 
at 2 hatcheries on the East Coast of Vancouver Island (Quinsam and Big Qualicum) for three years (2014-
2016). The SSMSP has funded the extended rearing and feeding of late and larger Chinook and Coho at 
both hatcheries.  In addition to the work at Big Qualicum and Quinsam, the SSMSP has funded the coded 
wire tagging of a late large release of coho at the Seymour River in Burrard Inlet. Outside of the SSMSP-
funded activities, SEP is also conducting a late large coho trial at Chilliwack and Inch Creek hatcheries, 
starting in 2014 and 2013 respectively (Table 1).  
 
This project has been designed to test the predator-prey match-mismatch hypothesis in which the timing 
of ocean entry is thought to have evolved to coincide with the timing of prey production. If changes in the 



PSC 2017 Final Report (Jan 2017-Dec 2017)           Salish Sea Marine Survival Project 2017 

90 

timing and availability of prey have occurred, altering release timing of hatchery Chinook and Coho salmon 
may be able to detect whether a later release is advantageous.  
 
In each brood year, a group of 100K salmon from each stock has been reared and released at a later date 
than the traditional production group, typically ~ June 21-July 1. These Chinook & Coho have been 
released at a larger size than the May releases, however their growth is intended to mimic what would be 
expected in the marine environment had they been release in May. This project is based on work by 
Beamish (pers. Comm.) and Bilton (1978) that indicated that a later sea entry and larger body size may 
promote an increased marine survival for Chinook and coho. A secondary hypothesis was that a later and 
larger coho smolt may remain in the Strait of Georgia at a higher rate in its second summer at sea, which 
was observed in the 1980s and early 1990s when survivals were higher and coho were available to sport 
catch on the inside. 
 
To date, data collection and results have been limited to the jack coho and Chinook that returned in 2016, 
except for Inch Creek coho where the first full cohort recruited to the fishery and escapement in 2016 
(Tables 2 & 3). Uncertainty has not yet been calculated, but the preliminary results from Inch Creek 2013 
brood year do not suggest a significant improvement in survival or vulnerability to sport harvest in the 
Georgia Strait recreational fishery.  Complete brood year cohort results will not begin to be available until 
after the 2017 return season for coho, and not until 2019 for Chinook for the other hatcheries.  
 
Prior to brood year 2014, there were ad-hoc releases of late Chinook from Big Qualicum hatchery. As the 
release date and size varied from year to year, the results do not directly extend the time series for this 
study, but they can provide some information as to the relative effect on survival in individual years, 
compared to the standard late May release. Results were variable but underwhelming, with little or no 
benefit observed from later releases (Figure 1). These data are preliminary, and adult returns from 2017 
may potentially result in updates. Estimates of uncertainty must also be calculated.  

 
Table 1. Brood year 2013 marine survival of Inch Creek coho experimental release  

Stock Species 

Brood Years with Paired 
standard & Late Large 
Releases 

Brood Years with  
Late Large Releases 
only 

Big 
Qualicum CN, CO 

(2010-2013)*,2014, 2015, 
2016** - 

Quinsam CN, CO 2014, 2015, 2016 - 
Inch CO 2013, 2014, 2015, 2016 - 
Chilliwack CO 2014, 2015, 2016 - 
Seymour CO - 2014, 2015, 2016 

*Late Chinook releases occurred from 2009-2013 but release month changed annually 

**All 2016 coho production lost.  

***Bold years have preliminary results available as of November 2017 

 

Table 2. Brood year 2013 marine survival of Inch Creek coho experimental release 

 Marine Survival Estimated CWTs 
Large & late 4.0% 1994.3 
Standard 3.5% 1782.1 

 
Table 3. Brood year 2013 marine catch distribution of Inch Creek coho experimental release 

 Georgia Strait Outside Georgia Strait Estimated CWTs 
Large & late 25% 75% 277.2 
Standard 58% 42% 206.6 

 
Figure 1. Survival rate of Big Qualicum Chinook late release trials, 2009-2013 brood years 
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EPIC4- Parental-based Tagging of Hatchery Coho salmon- Activity 3. Efficacy of hatcheries.  
Team: Beacham (leader), Davidson, Withler, Devlin, Naish, Bernatchez, and Willis. 
Budget Category = “HATCHERY ASSESSMENTS” Number 3 on the PSF budget provided below. 
 
As part of a joint project proposal with Genome Canada, parental based tagging (PBT) of hatchery coho 
stocks in Southern BC will be utilized to genotype the majority of hatchery coho smolts released into the 
Salish Sea. This work will permit subsequent identification of clipped juveniles and adults by stock and 
year of origin, release strategy, and parentage history, and may allow for detailed investigations of 
differences in early marine distribution patterns of different hatchery coho stocks. Furthermore, genetic 
based sampling of returning adults will allow for identification of genetic, physiological and environmental 
factors that affect family-specific survival rates of hatchery coho salmon, which may support provide a 
means to allow reduced hatchery coho production while sustaining or improving adult production.  
 
The key objectives are as follows: 

 To use parental-based tagging (PBT) to estimate the contribution of Coho Salmon from hatcheries 
to the fisheries in southern BC; 

 To compare the use of PBT with the existing Coded Wire Tag (CWT) recovery system currently 
used; 

 To use PBT to quantify family-specific post-fishery to spawning survival rates of hatchery Coho 
Salmon; 

 To use genetic methods to identify genetic, physiological, phenotypic and environmental factors 
(e.g., water temperature) affecting fitness of hatchery Coho Salmon. 

 
Status: 
Funding for this project was secured through Genome Canada, and the preliminary work to collect genetic 
samples began in 2014.  An update for this activity is as follows: 
 
Activity 3 (Efficacy of Hatcheries): Recreational and commercial fishery samples comprising 
approximately 7,000 individuals collected in 2017 in fisheries in British Columbia are being analyzed for 
stock composition via both parentage-based tagging (PBT) and genetic stock identification, with a baseline 
of approximately 230 populations and 32,000 individuals used for analysis.  Individuals carrying a coded 
wire tag and sampled in the fisheries and assigned via PBT have been identified with 100% accuracy 
through PBT with respect to population of origin, with the origin confirmed by the coded-wire 
tag.  Hatchery broodstocks have been sampled during 2017 for approximately 25 populations 
encompassing some 6,000 individuals, and these samples will form the basis of PBT analysis of marine 
juvenile samples collected in 2019 and recreational and commercial fishery samples collected in 2020. 
 
To investigate the genetic basis of family-specific marine survival, approximately 700 individuals were 
collected in 2011/2012 and 2,500 individuals were collected in 2014/2015 from Inch Creek Hatchery, 
British Columbia. The collection of samples in 2017/2018 is underway. Genotype-by-sequencing 
on individuals from 2011/2012 and 2014/2015 has been completed. Identification of genetic markers by 
a genome-wide-association study and quantitative-trait-loci analysis are proceeding. Since 2006, there is 
a decreasing trend in fish length, fecundity, and average egg size from Inch Creek Hatchery fish. They are 
examining the potential causes for this trend. 
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B2.6 Quantifying impacts of harbor seal predation on Chinook and coho salmon in Puget Sound: 
estimating consumption and mortality rates from recent diet data 
Investigators: Ben Nelson (NOAA), Austen Thomas (Smith-Root), Bill Walker (Independent), Todd Kassler 
(WDFW), Alejandro Acevedo (Western Washington University), Hans Daubenberger (Port Gamble 
S’Klallam Tribe), Steve Jeffries and Monique Lance (Washington Department of Fish and Wildlife) 

Budget Category = “PREDATION” on the LLTK budget provided below, reference numbers 38, 36, 39, 40. 

Overview: 
This team of investigators will quantify the number of Chinook and coho salmon lost annually to harbor 
seal predation in the Puget Sound by integrating recently collected seal diet data with novel modeling 
approaches originally developed by Benjamin Nelson and colleagues at the University of British Columbia. 
This analysis will support efforts to determine whether harbor seals are impeding the recovery of 
commercially and recreationally important stocks of salmon and steelhead in the Puget Sound. The goals 
of the proposed study are as follows: 

 Estimate the annual consumption of Chinook and coho salmon by harbor seals in the Puget Sound 
at both the juvenile and adult life stages. This will provide an estimate equivalent to that created 
for the Strait of Georgia, so the two regions can be compared. 

 Estimate the fraction of the total population lost to seal predation for each species. 

 Determine what percentage of the total natural mortality is due to harbor seal predation. 

 Assess spatial variation in predation rates throughout the Puget Sound basin. If the data permit, 
determine sub-basin scale consumption estimates. 

Status: 
Seal scats were collected in South Puget Sound, Whidbey Basin and Admiralty Inlet in the spring and 
summer of 2016. Genetic analyses of these scats has been completed, and the hard parts analyses are 
ongoing. Meanwhile, Ben Nelson is aggregating the salmon outmigration data required for the predation 
estimates. 

B2.7 Quantify the level of individual prey specialization by sex in harbor seals 
Investigators: Alejandro Acevedo and Madelyn Voelker (Western Washington University) 
Budget Category = “PREDATION” on the LLTK budget provided below, reference numbers 40. 

Overview: 
The goal of the study is to quantify the level of individual prey specialization by sex in harbor seals. Initial 
analyses near the Cowichan River suggest substantial differences in prey composition by male vs female 
harbor seals. Understanding whether male or female harbor seals target salmon more greatly can help 
refine modeled estimates of predation and inform potential management actions, if warranted.  This work 
will be done for seals in Whidbey Basin and Cowichan Bay. 

The goal of the study is to quantify the level of individual prey specialization by sex in harbor seals.  To do 
so, we proposed that our graduate student Madelyn Voelker: 

a) attend training February 23rd and 24th at Washington Department of Fish and Wildlife to learn the 
appropriate methods for cleaning and sorting prey hard parts from scat, 

b) clean and sort the hard parts from all Whidbey Island scat samples (420) as well as samples 
collected from Port Gamble Bay (40), with the assistance of undergraduate students from Western 
Washington University, 

c) send sorted hard parts to William Walker in batches of 100, starting no later than June 2017, and 
ending no later than August 2017, 

d) determine the sex of the scat depositor of each sample from Baby Island (249 samples total), 

e) genetically determine the individual that deposited each scat sample from Baby Island (249 samples 
total), 

f) use diet data available from collaborators to match sex and individual seal with prey consumed and 
determine level of individual specialization, 

g) publish the findings in the form of a MSc thesis and a peer-reviewed publication. 
 
Status: 

a) Madelyn attended and completed training at Washington Department of Fish and Wildlife on 
February 23rd and 24th. 
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b) All hard parts have been cleaned and sorted.  

c) All hard part vials were shipped to William Walker before the end of August.  

d) All Baby Island and Cowichan Bay samples and 125 Fraser River samples have been analyzed to 
determine the sex of the depositor.  The success rate for the three haul outs has varied between 
50 and 70%  

e) About half of the Whidbey Basin samples have been amplified in about half of the microsatellites.  
However, due to challenges described below, we are currently not conducting PCR, but instead 
figuring out a more effective PCR purification process.  

f) We have received all the necessary diet data.  

g) Madelyn presented her research proposal at the Northwest Student Chapter for the Society of 
Marine Mammologists Conference in early May.  She will present her findings to the North 
Cascades Audubon Society in late winter and to the Northwest Student Chapter of the Society of 
Marine Mammologists in spring of 2018.  Analysis of the data has begun and the writing of the 
thesis and manuscript for publication will begin once more data have been processed and 
analyzed (see changes to design).  She will submit her thesis and manuscript for publication at the 
end of the summer of 2018, as scheduled. 

Any challenges or constraints? 
Due to issues with the PCR purification process and the cost of having to re-run samples on the capillary 
sequencer, we decided to use alternative methods to determine the level of specialization.  We will now 
investigate specialization using cross-sectional data instead of longitudinal data, which means that the 
level of specialization is determined within each sampling trip and the patterns of specialization and 
examined relative top sex, time and haul-out site.  Because of this modification, we determined that it 
would be beneficial to draw in information from additional years and haul-out sites (see below).   

We are still aiming to determine specialization using longitudinal data in the near future.  We are currently 
requesting internal funding from Western to solve the issues with the PCR purification process and analyze 
the samples  

Any changes to the design? 
We will be adding approximately 240 samples from Cowichan Bay and 275 samples from Fraser River in 
the sex determination analysis.  The diet data for these samples has already been collected by Dr. Austen 
Thomas.  We will also be using previously collected sex and diet data from two years of seal scat from 
Comox.  These analyses will be conducted using Western funds, no additional funds from Long Live The 
Kings are being requested. 
 
As such, we will examine foraging specialization by harbor seal males and females using over 1,000 scat 
samples from five different haul-out sites and several years of collection.  The large dataset and spatial 
and temporal scale of the project allowed by these changes to the design will let us fully examine the 
factors driving specialization.  

B2.8 Predation Impacts of Resident Chinook and Artificial Light in Puget Sound 
Principal Investigator: Dave Beauchamp (US Geological Survey) 

Budget Category = “PREDATION” on the LLTK budget provided below, reference numbers 34. 

Overview: 
Predation is a major source of mortality for salmon, especially during early marine life stages. Therefore, 
identifying the primary predators and the mechanisms that influence the efficacy of these predators can 
inform and help prioritize restoration efforts for these species. Previous analyses by Beauchamp and Duffy 
(2011) suggested that resident Chinook could consume approximately 50% of the subyearling hatchery 
and wild Chinook entering Puget Sound annually. The key uncertainties in these predation calculations 
involved small sample sizes and inadequate temporal coverage for the diet composition of resident 
Chinook when juvenile salmon were available to pelagic predators. We propose frequent targeted 
sampling of resident Chinook (FL > 300 mm) to examine monthly diet composition among regions during 
the May-September period when juvenile salmon would be vulnerable to predation in Puget Sound. 

Predation mortality can also increase as search and capture efficiency of predators improves due to longer 
exposure to prey under enhanced foraging conditions. All major predators on juvenile salmon rely 
primarily on vision to feed. We hypothesize that the efficacy of piscivorous mammals, birds, and fish have 
all increased dramatically since the 1980s as a result of rapid increases in artificial light pollution 
associated with accelerating urbanization. We propose to measure the spatial-temporal variability in the 
nocturnal underwater light environment among regions and habitats in Puget Sound during critical spring-
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summer marine rearing periods for juvenile salmon, translate these measurements into spatial-temporal 
patterns of light-dependent predation risk, and determine how much light reduction would be required 
to significantly reduce predation risk.   

Status:  
1) We now have our 5-year NOAA Section-10 permit submitted with encouraging indications that 

approval is pending. This permitting challenge prevented sampling this year, but we’ve since 
developed a network of WDFW recreational test-fishing crews and NOAA collaborators for sharing 
samples and personnel across this and the resident Chinook life history, and herring genetics studies 
(PI-Josh Chamberlin, NOAA). These collaborations will provide valuable supplemental samples across 
regions and months.  

2) We have outfitted two USGS vessels for micro-trolling and will be setting up the light sensor capability 
in consultation with Lyle Britt, NOAA. We will field test and refine both the micro-trolling and light 
measurement methods over the winter in Lake Washington in preparation for conducting smooth 
operations in Puget Sound next spring and summer. We collect the artificial light data, and develop 
the mapping and modeling methos prior to initiating the field measurements in Puget Sound in late 
April or May 2018. We would then mount full-scale micro-trolling efforts in 2018 and 2019. 

3) We need to develop a streamlined approach for recording integrated geo-referenced, time and depth-
specific light measurements. Lyle Britt has developed this for NOAA in Bering Sea. 

B2.9 Spatial analysis of contaminant exposure in juvenile Chinook salmon along their out-
migrant pathway through the Snohomish River, Washington: Identification and control of 
contaminants inputs to improve salmon marine survival 
Principal Investigator: Sandie O’Neil (Washington Department of Fish and Wildlife) 

Budget Category = “CONTAMINANTS” on the LLTK budget provided below, reference numbers 35. 

Overview:  
PBDE flame retardant inputs to the Puget Sound may be affecting the health of juvenile Chinook 
salmon and their early marine survival in the Salish Sea, possibly contributing to their decline and 
limiting their recovery.  Chinook salmon from the Snohomish River are particularly threatened by 
exposure to PBDEs, however, the source of PBDEs is unknown.  A 2013 study documented that 100% 
of Chinook salmon sampled from the mainstem, lower delta region of the Snohomish River had PBDE 
concentrations high enough to alter their immune response, increasing their susceptibility to naturally 
occurring diseases (O’Neill et al. 2015).  The salmon were collected downstream of a waste water 
treatment plant (WWTP) outfall but it is not known if the WWTP was the source of the PBDEs.  The 
purpose of this project is to determine where in the Snohomish River system migrating Chinook 
salmon are exposed to and accumulate PBDEs, and to assess the PBDEs source so that corrective 
actions can be implemented.  Contaminant levels in salmon from the upstream tributaries of the 
Snoqualmie and Skykomish regions, representing the cumulative exposure from all sources prior to 
entering the Snohomish River, will be compared to those in salmon at subsequent downstream 
regions of the mainstem Snohomish River to assess where the salmon are exposed.  Additionally, as 
part of WDFW’s 2016 contaminant assessment of the Puget Sound ESU, PBDE levels will also be 
measured in Chinook salmon sampled from distributary channels of the lower delta (i.e., Ebey, Union, 
and Steamboat sloughs) to evaluate the extent of PBDE exposure in the population originating from 
the Snohomish River.  PBDE concentrations and contaminant patterns in Chinook salmon will be 
compared with adjacent shoreline land-use along the Snohomish River system to identify the 
relative contribution of WWTP and stormwater as region-specific sources of PBDE.  Identification of 
the region of the Snohomish watershed where salmon are most exposed to PBDEs and the source 
(i.e., stormwater or wastewater treatment plants) will allow environmental managers to identify 
correction actions to control PBDE inputs to improve Chinook salmon health and enhance their marine 
survival.  The approach used in this proposed study to identify locations and sources of contaminants 
along the landscape adjacent to the Snohomish River may be applied in other watersheds where to 
contaminants threaten salmon health. 

Status:  
Accomplishments to date: 

 A total of 230 juvenile Chinook salmon were collected from the Snohomish River system (Figure 
1) by June 2016 – Funded via other sources. 

 Fish were processed by November 2016 to create 54 composite whole body composite whole 
body samples (Table 1) for contaminant analyses – Funded via other sources.  
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 Chemical analyses of the 54 composite sample of juvenile Chinook salmon were analyzed for the 
presence of PBDE and other persistent organic pollutants (POPs) at the Northwest Fisheries 
Science Center by late May of 2017.   

 Case narratives on the quality of the chemistry provided by NWFSC (see attached PDFs) indicate 
that quality assurance/ quality control measures were met and the data are usable without 
qualification.  WDFW staff are currently reviewing the case narratives, and we anticipate that 
additional qualification of the date will not be warranted.  

 A list of the POPs concentrations detected in each composite whole body sample is attached.   

 We anticipate meeting the short-term objective of the study to assess where in the out-migrant 
pathway juvenile Chinook salmon originating from the Snohomish River are exposed to and 
accumulate PBDEs, and whether the source is primarily due to input from WWTPs or stormwater. 
A preliminary evaluation of the chemistry data indicates that out-migrant Chinook salmon are 
primarily exposed to and accumulate PBDEs at two sites: Deadwater/Old Barge in the mainstem 
upper delta and Langus Pier in the mainstem lower delta.  A waste water treatment plant WWTP 
discharges in between these sites, however, a more thorough analyses is necessary to determine 
whether the source of PBDEs is from WWTP outfall or stormwater.   

 Currently, we also anticipate meeting the long-term objective (i.e. to model how reductions in 
stormwater and/or inputs of WWTPs to the Snohomish River will improve the health of juvenile 
Chinook salmon and improve their marine survival objectives of the study), however, we have not 
yet initiated that phase of the project. 

 

B3. Trend Analyses and Modeling 
Trend analyses and modeling provides the primary, integrated data evaluation framework for the entire 
project. Existing and new data are brought together to analyze and model relationships between salmon 
and their ecosystem, to evaluate the cumulative effects of multiple factors, discriminate between factors 
that are proximate vs. ultimate causes of mortality, help narrow the field of likely survival drivers, and  
build back to factors ultimately driving survival over time. Historical data and modeling will be used to 
comprehensively evaluate survival and survival relative to life-history variation and ecosystem factors, 
comparing those that are natural to those that are human influenced and assessing variation throughout 
the Salish Sea. Historical data will also be used to look for general ecosystem regime shifts that may 
correlate with changes in salmon and steelhead survival. To ensure lasting value and the ability to evaluate 
new information as they learn, these activities will be aligned with the proposed suite of research activities 
involving the collection of new data.  
 

B3.1 Puget Sound - JEMS zooplankton time series relative to physical controls and salmon 
survival (Completed) 
Investigators: Dr. Julie Keister (U. Washington), Dr. Correigh Greene (NOAA) 

Budget Category = “ZOOPLANKTON” on the LLTK budget provided below. Budget reference num. 6. 
Objectives: 
The objective of this study is to utilize a time series of zooplankton data collected in the Strait of Juan de 
Fuca to identify the primary environmental variability that correlates with changes in zooplankton 
communities and subsequent salmon returns. 
 
Background: 
Zooplankton samples have been collected monthly since 2003 (75-cm diameter, 150-μm mesh vertical 
nets) during research cruises conducted by the University of Washington (UW) Puget Sound Regional 
Synthesis Model (PRISM) program, (http://www.prism.washington.edu/home), and the Washington 
Department of Ecology as part of the Joint Effort to Monitor the Strait of Juan de Fuca (JEMS). Additionally, 
a single year, region-to-region comparison between zooplankton data and salmon SARs/survival trends 
using data collected by NOAA in 2011 throughout Puget Sound may also be analyzed.  
 
Findings: 

 ‘JEMS’ vertical net tows collected by the Department of Ecology between April 2011 – Nov. 2014 
were taxonomized and the full time series (2003-2014) has been analyzed to examine correlations 
between the zooplankton community, environmental variability, and salmon survival. A 3-
dimensional NMS ordination explained 86.2% of the total variance in community structure, with 41%, 
22%, and 24% explained by Axis 1, 2, and 3, respectively. The Axis 1 scores were found to correlate 
with Strait of Juan de Fuca sea surface temperature (not shown, R2=0.78) and generally correspond 
to phases of the PDO (Figure 1) indicating a climate link to the zooplankton community. Axis 2 scores 
(Figure 2) do not show any apparent relationships to the PDO or other regional environmental factors. 
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However, Axis 2 scores do show significant correlations with coho salmon survival (Figure 3). These 
correlations between the Axis 2 scores (termed the Copepod Community Index, or CCI, in Figure 9) 
and juvenile coho survival are strong overall, but there are large differences in the strength of the 
correlation among populations from individual outmigration rivers (not shown), indicating 
population-to-population differences in the relationship between the zooplankton time series and 
out-migrating coho salmon survival. These relationships warranted further investigation, which led to 
the funding of research activity 3.2, described in the next section. 

 

 
Figure 1. The PDO and JEMS Axis 1 Time Series.  

Time series of (Upper panel) the Pacific Decadal Oscillation Index and (Lower panel) Axis 1 scores from 
ordination of the JEMS Strait of Juan de Fuca copepod time series, 2003-2015, shown as non-seasonal 
anomalies (seasonal cycle removed). Small black dots along the zero-axis in panel B indicate gaps in 
the monthly zooplankton time series. 

 

 
Figure 2. The JEMS Axis 2 Time Series.  

Time series of Axis 2 scores from ordination of the JEMS Strait of Juan de Fuca copepod time series, 
2003-2015, shown as non-seasonal anomalies (seasonal cycle removed). This is the time series termed 
the “Copepod Community Index” or CCI shown in Figure 9. 
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Figure 3. Coho survival and Axis 2 Correlations  

Correlations between Axis 2 scores from NMS ordination of the JEMS copepod community time series, 
averaged over summer (May-to-Sept.) in each year from 2003-2015 (dashed black line) and the annual 
smolt-to-adult coho salmon survival for populations that out-migrate from rivers in each of the four 
primary basins of Puget Sound (colored lines). Coho survival data are available only until 2010 to date, 
from Zimmerman et al. (2015). 

B3.2 Exploration of the JEMS zooplankton time series to better understand and refine its value 
for salmon forecasts 
Principal Investigator: Julie Keister (U. of Washington)  
Budget Category = “INDICATORS” on the LLTK budget provided below. Budget reference number 41.  
 
Overview: 
This work will begin in September 2017. Initial analysis of the JEMS Strait of Juan de Fuca zooplankton time 
series has revealed compelling correlations between variability in copepod species composition and coho 
salmon survival. Although the time series is short and there is variation in the strength of the correlation 
among salmon populations, many of the correlations are strong enough (e.g., R2>0.8) to warrant a much 
closer look at the drivers behind the changes in copepod species composition over time to better 
understand environmental controls on the zooplankton. Equally important is to explore the time series 
for zooplankton indices that have a more direct, mechanistic relationship to salmon survival—since 
juvenile salmon are not feeding directly on copepods by the time they are migrating through the Strait, 
exploring the time series for indices based on prey items may reveal an index with a more rigorous or 
more intuitive relationship to salmon returns. We propose to conduct these in-depth data analyses of the 
JEMS zooplankton time series, and to conduct taxonomic analysis of a 5-year (2012-2016) zooplankton 
time series from Commencement Bay—the only time series of its kind within Puget Sound. These efforts 
will require thorough study of the population characteristics of the species that are the main players in 
the zooplankton time series to understand biological (i.e., growth and behavioral) drivers of the observed 
variability, and a deeper exploration of the associated environmental variability than has so far been 
conducted. Our ideal outcome is to identify rigorous metrics from the zooplankton time series that may 
be used in salmon return forecasting and to understand bottom-up processes that drive ecosystem 
changes in the Salish Sea. 

Status: 
The PI explored the 2003-2015 JEMS zooplankton data for correlation with coho and Chinook marine 
survival, and for relationships with every-other-year, “see-saw”, patterns in pink salmon and herring. 
Preliminary results were presented at the PICES 2016 Annual Meeting in a talk titled “Cryptic trophic 
connections to juvenile salmon survival are revealed by a zooplankton time series” co-authored by M. 
Trudel and J. Boldt, and at the 2016 Salish Sea Marine Survival Project retreat. Taxonomy of the time series 
through October 2017 was recently completed by taxonomist Olga Kalata (under different funding). Data 
have been entered into the Access database at UW, QC’d, and compiled into matrices for NMS ordination; 
analysis of the 2003-2017 NMS ordination is underway. The Commencement Bay time series, meant as a 
within-Puget Sound comparison to JEMS, has been fully QC’d for sample collection quality, and taxonomic 
analysis was started, but is now awaiting the completion of the 2017 SSMSP zooplankton taxonomy.  

We anticipate completing the 2003-2017 JEMS NMS Axis 2 analysis in January 2018, but plan to make 
most progress on the broader data exploration in late spring and summer 2018. 
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Our primary challenge with this project has been timing. The start of funding was delayed for several 
months beyond the proposed start until summer 2017, setting the project start date in a busy time of 
year. We conducted some basic analyses of the 2003-2015 time series in summer 2017, but didn’t want 
to expend too much effort prior to completion of the 2017 JEMS taxonomy and model update of the 
Chinook and coho marine survival. The project is now primarily waiting on the coho survival time series 
to be completed (nominally by the end of this year), then for analyst BethElLee Herrmann to complete 
the SSMSP zooplankton taxonomy before she will focus on JEMS analyses. 

B3.3 Geoduck growth as an indicator for primary production 
Principal Investigator: Correigh Greene (NOAA Fisheries)  
Budget Category = “ECOSYSTEM INDICATORS” in the LLTK budget provided below. Budget reference num. 
42. 
 
Overview: 
The geoduck growth indicator project focuses on testing whether a long-term indicator of primary 
production can be inferred from growth increment width of geoducks.  
 
Status: 
Since our last report update in May, the research has focused on several lines of development:  

1. Acquiring remaining growth index calculations from Washington Department of Wildlife for three 
additional sites (Taylor Bay, Langley and Alden Bank) 

2. Continuing summarizing recent and historical chlorophyll, temperature, and salinity data from 
Puget Sound. More recently, Canadian data from S. Georgia Strait were summarized.  

3. Stable isotope work to verify that geoducks primarily consume phytoplankton. 

4. Comparing and connecting oceanographic data, geoduck growth indices, and salmon survival.  
 
Geoduck growth index calculation (in collaboration with WDFW) 
1. Growth indices from five sites are now in hand: Protection Island (Strait of Juan de Fuca), Richmond 

Beach (Central Basin), Taylor Bay (South Sound), Langley (Whidbey Basin), and Alden Bank (S. Georgia 
Strait). The range of years covered by each population is listed below. 

a. Protection Island:  1845-1999 (Strom et al. 2004) 
b. Richmond beach: 1874-2013 
c. Taylor Bay: 1978-2013 
d. Langley: 1932-2011 
e. Alden Bank: 1893-2016 

We are awaiting one final time series (Dungeness Spit) that will help update the Protection Island site 
with growth increment data from the Strait of Juan de Fuca. This is important, because the Protection 
Island growth index does not include recent years, during which growth declined from previous years 
and caused reduced correlations of growth and temperature. 

2. We have noticed differences in the estimates of growth index obtained by two different models. 
Negative exponential growth models appear to exhibit stronger correlations, particularly with salmon 
trends. As the final push for a publication proceeds, we will be working with WDFW to determine 
which model is better, and whether variation of geoduck growth can also be estimated from these 
models. 

 
Historical and Recent Environmental Data 
1. The Department of Ecology (DOE) has provided records of environmental data (salinity, temperature, 

dissolved oxygen, and other nutrients) dating back to 1932.  These data have been summarized by 
basin. 

2. Recent environmental data were also acquired from Canada for Georgia Basin, and surface 
temperature, salinity and chlorophyll metrics have been synthesized. 

3. The historical and recent data were combined into a large database and summarized into an annual 
summary by averaging values from March through October. The annulus in geoducks is deposited 
between November and February (Shaul and Goodwin, 1982) and growth is assumed to occur 
between March and October. However, we discovered that temperature- growth correlations are 
stronger based on a March-May time period of temperature. Hence, we are exploring whether to use 
shorter monthly averages.  

4. Our models will link recent primary production with historical time series of temperature and other 
predictors. We are therefore obtaining long-term (> 60 years) time series to better explain variation 
in long-term growth patterns. These include surface salinity, PDO, NPGO, and sea level pressure. 
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Preliminary analysis suggests that PDO explains some growth pattern, but other long-term metrics 
perform poorly. 

5. Monthly Chlorophyll a data (1990-present) collected by DOE have been incorporated into the dataset.  
Satellite fluorescence data (2002- present), have been analyzed and generally exhibit high correlations 
with growth. However, their time series are short compared to chlorophyll samples. 

6. Analysis of data indicates that long-term (and more recent) temperature records are inconsistent 
predictors of geoduck growth at most sites. These results contrast with Strom et al. (2004), whose 
data was published before the recent anomalous down-tick in growth. Our assumption is that there 
are likely multiple reasons growth is well correlated by temperature, and we are examining other long 
term environmental data to test these assumptions. As noted above, we’ve also found that the 
strongest temperature-dependent correlations are those that summarize March-May data. This may 
indicate a much reduced primary period for growth in geoduck tracts from our datasets.  

7. Moderate correlations exist with many coho and Chinook population datasets. We will be evaluating 
whether some of these are redundant with other metrics (e.g., temperature), or provide important 
explanatory variation, as part of the indicators analysis being worked up for coho and Chinook. 

 
Stable isotope analysis 
1. A primary assumption of the geoduck indicator work is that geoducks are primary consumers and that 

growth depends on supply of phytoplankton. However, as filter feeders, geoducks may digest a 
broader array of plankton than previously appreciated. We used stable isotope analysis to address 
this issue. As part of the growth increment work, approximately 200 geoducks were collected from 
Alden Bank. Samples of siphon, gut contents, and material in plankton tows were sampled for Carbon 
and Nitrogen stable isotopes. In addition, siphon samples and cultured algae were collected from 
Taylor Shellfish Farms to obtain a baseline isotopic fractionation value for geoduck. These values were 
in turn compared with published values of phytoplankton and other algae as well as zooplankton. 
Nitrogen results (ranging from 6 - 10 δN15) suggest that geoducks may be consuming zooplankton as 
well as phytoplankton, in which case chlorophyll values may explain growth to a lesser degree than 
expected. Neverthless, as suggested by correlations with marine survival, they may perform well as a 
synthetic bottom-up indicator. 

 
References: 
Strom, A., R.C. Francis, N. J. Mantua, E. L. Miles, and D. L. Peterson (2004), North Pacific climate recorded 

in growth rings of geoduck clams: A new tool for paleoenvironmental reconstruction, Geophys. Res. 
Lett., 31, L06206 

 
Shaul, W., and L. Goodwin (1982), Geoduck (Panope generosa: bivalvia) age as determined by internal 

growth lines in the shell, Can. J. Fish. Aquat. Sci., 39, 632–636.  

B3.4 Spatial and temporal patterns of smolt-to-adult survival of hatchery reared Chinook in the 
Salish Sea (Complete) 
Investigators: Casey Ruff (Skagit River System Cooperative); Joe Anderson, Neala Kendall, Kris Ryding 
(WDFW), Antonio Velez-Espino (DFO) 
Budget Category = “CHINOOK SURVIVAL TRENDS” on the LLTK budget provided below. Budget reference 
num. 26. 
 
Objectives: 
The objectives of this study are to evaluate trends in Chinook marine survival over time, compare marine 
survival of Salish Sea populations to coastal populations, and determine the degree of synchrony in 
survival trends across geographic regions. 
 
Background: 
To begin to evaluate how localized environmental factors affect the survival of Chinook populations within 
the Salish Sea, observed temporal patterns in survival for hatchery Chinook populations within the Salish 
Sea will be compared to that of coastal populations outside the Salish Sea. Specifically, the degree of 
regional structure in temporal variation in survival of individual populations within and outside the Salish 
Sea will be compared and how the degree of synchrony in survival between populations within the Salish 
Sea varies across different spatial scales from small to large will be assessed. A suite of linear mixed effects 
models will then be developed to assess the importance of specific factors in explaining annual variability 
in marine survival including region of release, year of release, life history type, and timing of adult return. 
Results from this study will likely continue to inform the implementation of studies to understand physical 
and environmental factors that may influence survival of salmon populations throughout the Salish Sea 
as part of the Salish Sea Marine Survival Project. 
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Findings: 
The work is complete and draft manuscript submitted to a peer-reviewed journal. If/when accepted, it 
will be posted to the resources page of marinesurvivalproject.com. Broadly, Chinook survival declines are 
not as apparent for Puget Sound as they are for the Strait of Georgia. However, there continues to be 
evidence of a local, Salish Sea effect. The abstract is as follows: 
 
“Population dynamics are governed by a suite of interacting physical and biological factors that can vary 
across spatial and temporal scales. Identifying factors that influence Pacific salmon population dynamics 
is complicated by their diverse life histories and large geographic range. Over the last several decades, 
Chinook salmon populations (Oncorhynchus tshawytscha) from both coastal areas and the Salish Sea have 
exhibited substantial variability in abundance. In some cases, populations within the Salish Sea have 
experienced persistent declines that have not rebounded. They analyzed time series of early marine 
survival from 36 hatchery Chinook salmon populations spanning ocean entry years 1980 – 2008 to 
quantify spatial and temporal coherence in survival. Overall, they observed a higher degree of inter-
population variability in survival for Salish Sea populations than non-Salish Sea populations. When Salish 
Sea populations were excluded from analyses of survival trends, the spatial scale across which populations 
co-varied increased from 405 km to 436 km, and the average correlation for proximate populations 
increased from 0.36 to 0.48. Furthermore, multivariate autoregressive state space models (MARSS) 
predominantly supported both region scale differences in survival trends between Salish Sea versus non-
Salish Sea populations, as well as temporal regime shifts in survival of Salish Sea populations consistent 
with previous observations of ecosystem change. In summary, this study demonstrates that survival 
patterns in Chinook salmon are likely determined by a complex hierarchy of processes operating across a 
range of spatial and temporal scales.” 
 

 

B3.5 Identifying ecosystem indicators for retrospective analysis of Salish Sea salmon declines 
and for forecasting future returns 

Investigators: Kathryn Sobocinski (NOAA/LLTK), Correigh Greene (NOAA), Isobel Pearsall (PSF) and 
Michael Schmidt (LLTK) 

Budget Category = “STAFFING/Sobocinski” on the LLTK budget provided below. Budget reference num. 
31. 

Objectives: 
This work will use existing data to help assess the numerous hypotheses for why juvenile chinook, coho 
and steelhead have declined since the 1980s and will work to develop a tool to bring ecosystem data into 
salmon return forecasting. This work will make all attempts to analyze data Salish Sea wide.  

Background: 
This work will proceed in three phases: 1) qualitative analysis of conceptual models and species/sub-basin 
patterns, 2) quantitative retrospective modeling, and 3) development of forecasting frameworks.  

Status: 
The main efforts since the last reporting period include: 1.) qualitative network analysis publication, 2.) 
data aggregation in support of ecosystem indicators development, 3.) development of steelhead 
indicators, 4.) initiation of cross-species survival comparison 5.) development of hypotheses for Chinook 
and coho indicators. 
 
1.) Qualitative Network Analysis 
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Status: The Salish Sea salmon qualitative network model manuscript was accepted in August 
and published in Environmental Conservation this month: 
This model continues to be presented at workshops and meetings and has received a lot of 
interest—it is the jumping off point for carry-on projects on nutrients and herring led by other 
researchers. 
Findings: To evaluate the potential contribution of a broad suite of drivers on salmon survival, 
we used qualitative network modelling (QNM). QNM is a conceptually based tool that uses 
networks with specified relationships between the variables. In a simulation framework, 
linkages are weighted and then the models are subjected to user-specified perturbations. Our 
network had 33 variables, including: environmental and oceanographic drivers (e.g., 
temperature and precipitation), primary production variables, food web components from 
zooplankton to predators and anthropogenic impacts (e.g., habitat loss and hatcheries). We 
included salmon traits (survival, abundance, residence time, fitness and size) as response 
variables. We invoked perturbations to each node and to suites of drivers and evaluated the 
responses of these variables. The model showed that anthropogenic impacts resulted in the 
strongest negative responses in salmon survival and abundance. Additionally, feedbacks 
through the food web were strong, beginning with primary production, suggesting that several 
food web variables may be important in mediating effects on salmon survival within the 
system. With this model, we were able to compare the relative influence of multiple drivers 
on salmon survival. 
 

2.) Data Aggregation 
Data aggregation efforts continue with most of the available data sets in hand. Some of them 
are being re-worked to consider lags and subsets that may be the best predictors. The biggest 
challenge remains getting time series data for variables that are likely to be important 
indicators of survival, especially for coho and Chinook which spend longer periods in inland 
marine waters (e.g. forage fish, zooplankton). In some cases, these data simply do not exist for 
the period of time in which survival declined and this gap will likely remain. Coordination of 
efforts with Beth Curry and the bottom-up processes synthesis will be useful. 
 

3.) Steelhead Indicators 
Steelhead-specific indicators are in the late-stages of development and were presented at the Coastal 
and Estuarine Research Federation meeting in Providence, RI and at the annual project meeting in 
Richmond, BC. Using a generalized additive model framework, indicators such as hatchery release 
abundance and timing, environmental conditions including sea surface temperature, North Pacific 
Index and others, and predator abundance were influential in the predictive model that was 
developed. This modeling effort and the resulting indicators is being refined and a write-up of this 
aspect of the project is on-going. The manuscript will describe steelhead indicator development with 
an appendix describing the suite of indicators that were vetted as part of this work. Further 
development of steelhead survival factors through an encounter-rate model led by C. Greene will likely 
be included in the manuscript to make the analysis more robust. 
 

4.) Cross-species Survival Comparison 
We will begin a multivariate time series analysis of Chinook, coho, and steelhead survival to 
answer questions related to commonalities in survival in time, space, and life history across the 
species. Specifically, we aim to answer the following questions:  

1.) Are there similarities in survival trends among the three species?  

2.) Do regional patterns in survival emerge when survival trends are evaluated concurrently 
across the three species?  

3.) Does release strategy (yearling or subyearling), timing of release, or release size confer a 
survival advantage, and if so, is this consistent across all species? 

K. Sobocinski will lead this work with assistance from C. Greene and E. Ward. We envision that 
the results of this analysis will guide development of Chinook and coho indicators. If there is 
congruence in the time period of decline/rebound, we will look for additional data for these 
periods. If there is coherence in spatial trends across species we will ask which features of the 
sub-basin/region are contributing to the abnormal survival. A short publication could result, 
pending the findings from this analysis. 

  
5.) Chinook and Coho Indicators 
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Work will be shifting toward Chinook and coho in 2018. Because the datasets are more robust than 
that for steelhead, a more spatially-driven framework will be used.  Like with steelhead, generalized 
additive models will be the first tool used, with multivariate time series analysis also being used once 
a suite of candidate indicators is identified. We have begun to draft hypotheses (e.g. environmental 
drivers, forage fish availability) but will finish the cross-species comparison before proceeding in 
earnest to determine if Chinook and coho exhibit similar trends and could thus be analyzed in the 
same framework or if they will need to be treated separately. 

  
Other updates: 
The study design remains largely the same. A review of literature on Pacific and Atlantic salmon has shown 
that the combination of regression models and time series analysis is commonly employed, so we will 
continue on this track. The project is proceeding according to the project plan developed in August 2016 
and revised in May 2017.  

B3.6 Canadian Activities 
In Canada three modelling efforts are underway:  

Combined effects of environmental, food web and human impacts on salmon in the Salish Sea  
Team: Villy Christensen UBC), Carl Walters (UBC), Vijay Kumar, PDF (TBD), Jeroen Steenbeek, Joe 
Buszowski, Karsten Bolding and Jorn Bruggeman (Bolding and Bruggeman Aps, BB) 
Budget Category = “ANALYSIS/MODELING” Number 1 on the PSF budget provided below. 

Background: 
The Salish Sea Marine Survival Project has compiled a vast amount of data sources, and made clear the 
need to understand how the environmental productivity of the area has changed temporally and spatially 
over the last number of decades where there have been substantial changes in the marine survival of key 
salmon species. While previous studies have evaluated short-term productivity patterns for the Salish Sea, 
there has so far only been correlative studies to evaluate the relationship between long-term changes in 
environmental productivity and the productivity of higher trophic levels organisms (notably salmon) in 
the ecosystem. Through this initiative, they intend to develop a coupled hydrographic and biogeochemical 
model of the Salish Sea, and link this to a spatial food web model in order to evaluate how the combination 
of changes in environmental productivity, food web structure and human impacts (notably through 
fishing) has changed in the Salish Sea over recent decades.  
 
The study will extend over the time period for which there is sufficient observations to reliably evaluate 
how environmental productivity has changed along with the consequential impacts throughout the 
ecosystem, and they anticipate that this will be back to 1979 or earlier. The project participants will work 
across disciplines to develop an end-to-end model of the Salish Sea focused on SSMSP’s primary objective 
of assessing if “bottom-up processes driven by annual environmental conditions are the primary 
determinate of salmon production via early marine survival.” 
 
The overarching hypothesis is that the environmental productivity of the Salish Sea is changing over time 
(e.g., inter-decadal) and that such changes can be amplified through the food web, potentially leading to 
stronger effects on upper-trophic level species, such as notably Chinook and coho salmon. 
 
They assume that the only practical way to evaluate how environmental productivity is impacting 
biological productivity over long time spans is through modelling, i.e. data assimilation of large quantities 
of environmental, biological, ecological and fisheries data. They also assume that this is best done through 
a combination of hydrographic, biogeochemical and food web models, and that spatial patterns in 
productivity in the Salish Sea are important enough to warrant an explicit spatial dimension to the 
analysis.   
 
Rather than evaluate this using indirect environmental or climate indicators, (e.g., PDO, wind at YVR), they 
will,  

 seek to explain why the environmental productivity is varying,  
 evaluate the spatial patterns of productivity over time,  
 quantify how the changes propagate through the food web, and  
 evaluate how anthropogenic impacts (notably through fishing) have interacted with 

environmental productivity changes and food web effects over time to impact population 
trends for notably Chinook and coho salmon in the Salish Sea 

 evaluate alternative management scenarios in coordination with the Atlantis modelling group 
for Puget Sound.  
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Status: 
 
Results Summary: 

The project was initiated in 2017, and while the hiring process for the activity was more cumbersome 
than expected, a post-doctoral fellow, Dr Vijay Kumar was hired contractually in March 2017, he was 
only able to start at UBC on October 23, due to an extended visa process. 
 
Initial attempts further develop an existing 
hydrographic model in cooperation with IOS-DFO 
showed unsuccessful, and it was decided to 
instead use the GETM (General Estuarine 
Transport Model) approach, and to develop the 
hydrographic and biogeochemical models in 
cooperation with Karsten Bolding and Jorn 
Bruggeman, the key developers of GETM and 
FABM, which the project relies on.  
 
 
 
Karsten Bolding and Jorn Bruggeman visited UBC for two weeks and one week, respectively in 
September 2017 to implement the basic structure of the GETM and FABM models for the Salish Sea.  
 
This was accomplished fully, and Bolding & Bruggeman also set up a desktop computer with the 
required software and files for Vijay Kumar to use. Bolding further set up the GETM model for use at 
a Compute Canada supercomputer.   
 
Joe Buszowski participated in the last week of 
Bolding and Bruggeman’s stay at UBC, with focus 
on developing the strategy for linking of GETM-
FABM to the upper trophic levels that are to be 
developed for the project.  Further, he worked 
with Carl Walters on migrating an individual Based 
Model (IBM) of coho and Chinook smolt seal 
predation risk in the Strait of Georgia from VB6 to 
VB.NET. This was successfully accomplished, and 
the model will be further developed to include 
spatial predation risk from other potential 
predators as well as spatial prey distributions.  
 
Greig Oldford, a spatial planner who currently works for DFO was identified for the PhD position on 
the project, but due to UBC’s admissions schedules as well as work demand from DFO, he will only be 
able to start fully as a PhD student in September 2018. Greig Oldford will be on education leave from 
DFO, and he comes well-prepared for the work. He is expected to engage as time permits up to his 
official start. This will include participating in a three-week course in ecosystem modelling in May-
June 2018, and regular project meetings.  
 
The work on developing a spatial food web model (EwE) was initiated in November 2017, and will 
continue throughout 2018. The focus initially is on developing the model structure and on obtaining 
datasets for the modelling, and this is done with the aim of providing a solid starting point for the 
modelling when Greig Oldford starts fully in September.  
 
Vijay Kumar was by the end of 2017 able to run versions of the Salish Sea GETM model with 0.5, 1 and 
2 km resolution on his desktop at UBC, and the basic setup for the model at Compute Canada was 
implemented. The focus on his work at the end of the year was on editing of the bathymetric grid, for 
which a comparison of predicted vs. observed tidal elevations was a key element. This work is being 
written up as an internal report in early January 2018, in preparation for Vijay Kumar’s stay with 
Karsten Bolding in Denmark, January 20-27, 2018.    

 
Outcomes:  

 The project is aimed directly at evaluating the primary objective of SSMSP: are varying bottom-up 
processes primary determinates of Chinook and coho marine survival?  Evaluation of this, calls for 
estimates of how environmental productivity has changed over the decades with substantial 
declines in marine survival of Chinook and coho salmon. The study will be the first to estimate 
long-term spatial and temporal changes in environmental productivity, and the relative impact 
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that the environment, food, competitors, predators and human impact may have had on marine 
survival.  

 The project relies on a multi-model approach, and will notably use two upper-trophic level models 
for evaluation of alternative hypotheses.  

 The overall project status is that the upstart took longer than anticipated due to recruitment 
issues, but that the project is on track for a successful completion. 

 
Lessons Learned: 

 As part of the project upstart, a cooperation has been established with Prof. Maycira Costa’s 
group at UVic and Prof. Susan Allen’s at UBC. It is expected that this will lead to a number of joint 
publications, the first of which should be ready in 2018.    

 It is expected that there will be a cooperation with the LLTK Atlantis project for Puget Sound, 
notably with regards to model comparison and hypotheses testing. Based on hypotheses 
prioritization session at the recent Richmond Annual Meeting, it is, however, not clear how 
feasible this is. We will, however, explore this further with the aim of cooperation 

Spatial and Temporal Variability of Primary and Secondary Production in the Salish Sea 
Team: Susan Allen, UBC and postdoc Elise Olson 
Budget Category = “ANALYSIS/MODELING” Number 2 on the PSF budget provided below. 

Objectives: 
The objectives of this project are as follows: 
 
Major Model Improvements 

 Finish the light-dependence parametrization for the Fraser River plume 
 Add the carbon cycle and oxygen to the model (funded elsewhere) 
 Evaluate the model based on SSMSP mosquito fleet and other data 

 
Analysis 

 Complete a cluster analysis to seek regions that behave similarly 
 In major regions, or regions targeted by other SSMSP projects, evaluate the controls on 

productivity, their seasonal and interannual variations 
 

Provide Results Set for other Users 
 Produce a full hindcast of the SalishSea from Sep 2014, make results available on web via their 

erddap server (salishsea.eoas.ubc.ca/erddap/) 
 Continue to run forecasts and make the results available on the web 

 
Background: 
Under the NSERC Network of Centres of Excellence MEOPAR (Marine Environment Observation, 
Prediction And Response) Susan Allen and her team have configured a coupled bio-physics model for the 
Salish Sea called SalishSeaCast.  The model is run daily with high resolution winds and other 
meteorological forcing, river forcing from over 150 rivers, and temperature, salinity and sea surface at the 
open boundaries.  The physical model is coupled to SMELT (Salishsea Ecosystem Model of Lower Trophic 
dynamics).  The biological model reproduces the expected seasonal cycles in growth, the vertical 
distribution of phytoplankton, the large spatial gradients between the Strait of Georgia and Juan de Fuca 
Strait. 

A previous, one-dimensional model for the southern Strait of Georgia has been used to accurately forecast 
the spring bloom, and determine the interannual variability in phytoplankton and carbon cycles in the 
Strait. Under this project they propose to investigate the physical factors (wind, freshwater flux, clouds, 
mixing regions, turbid regions) leading to spatial and temporal variations in primary and secondary 
productivity.  This understanding will then allow us to suggest how the productivity of the Strait has 
changed and how it may change in the future.  

The Key Research Questions are:  
1. What processes control primary and secondary productivity in the Salish Sea and how do they, and thus 
productivity, vary spatially, seasonally and interannually? and  
2. Given what they know about past conditions in the Sea and what is forecast for the future, what do 
these results imply about past and future primary and secondary productivity. 
 
The model results fields will be provided on the web for other scientists to use. 
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Status:  
While PSF/MITACS financial support of this project began in the last 1.5 months, the project itself has 
been ongoing since 2015. A lower trophic level biological model has been coupled to a three-dimensional 
physical model of the Salish Sea. The skill of the model in reproducing observed nutrient distributions has 
been assessed based on comparison with Pacific Salmon Foundation Citizen Science Data. Additionally, a 
turbidity-based light attenuation parameterization is being developed to improve the model's ability to 
reflect phytoplankton dynamics in the plume-influenced southern Strait of Georgia. 
They are working towards a manuscript that will describe the model evaluation as well as some interesting 
episodic nutrient supply events they have identified in the northern Strait of Georgia. A second paper will 
describe the implementation of the turbidity-dependent light attenuation parameterization and its effect 
on primary productivity in the model. 

Outcomes: (focusing on the last 1.5 months) 

 Model-data comparisons have provided evidence that the model is successfully reproducing the 
seasonal cycle and distribution of nitrate and to a lesser extent silicate in the Strait of Georgia. 
They have also highlighted some areas where the model silicate cycle could be improved. They 
are currently conducting a series of numerical experiments aimed at refining the representation 
of silicate cycling and diatom growth. Both improving the model and understanding its strengths 
and limitations are important steps toward using the model to address the SSMSP hypothesis of 
bottom-up forcing of salmon populations through physical, chemical, and biological controls on 
phytoplankton and zooplankton biomass in the Salish Sea. 

 Data were collected in the Fraser River plume for use in the development of a turbidity-dependent 
light attenuation parameterization. The November data is currently being analyzed and used to 
update the parameterization. This parameterization is expected to bring the model into closer 
agreement with observations by more fully representing the dynamics controlling phytoplankton 
growth in the plume region. 

Lessons Learned: 
 As a result of investigations on the silicate cycle, they have gained a fuller understanding of the 

sensitivity of the model to the prescribed Si:N ratio during the spring bloom. This is informing 
model tuning and further investigations of parameter sensitivity. 

 They have gained observations of the turbidity-salinity relationship in the Fraser plume under a 
different regime from what they previously observed. In November, a combination of high river 
turbidity and low flow rates led to a plume that did not extend as far offshore as in April or May 
but that exhibited high turbidity levels close to the river mouth. This information will be very 
useful in constraining parameter values in the simple sediment model that is being implemented 
to drive light attenuation. 

The trophic structure of the Salish Sea plankton food web: defining functional groups, energy 
pathways, and a mechanistic interface between bio-chemical and fish centric ecosystem models.   
Team: Brian Hunt (IOF, Hakai Institute), David Costalago (IOF-UBC), Ian Perry (DFO), Karyn Suchy (UVic), 
Ian Forster (DFO), Evgeny Pakhomov (IOF), Jennifer Boldt (DFO), Villy Christensen (IOF), Chrys Neville 
(DFO) 
 
Budget Category = “ANALYSIS/MODELING” Number 4 on the PSF budget provided below. 

Objective: 
Zooplankton are the interface between basal food web processes (physics-chemistry-phytoplankton) and 
salmon, either through direct consumption or indirectly through forage fish (e.g., herring) pathways.  
Filling an essential data gap, the proposed project aims to establish a mechanistic understanding of the 
phytoplankton-zooplankton relationship in the Salish Sea, focusing specifically on trophic pathways 
among these lower trophic levels.  

Background: 
Physical-chemical conditions drive phytoplankton bloom timing, taxonomic composition, size structure, 
and quality as food items. How the zooplankton respond to changes in these phytoplankton parameters 
is determined by their functional trophic group and the resulting trophic pathways, e.g., the contributions 
of the microbial vs. classical food chains (large diatoms -> copepods -> fish). An understanding of these 
trophic pathways is essential to a mechanistic understanding of zooplankton response to changing ocean 
conditions, and the processes that drive salmon early marine survival.  The proposed project will explicitly 
build on and complement Dr. Karyn Suchy’s research project “Synchronicity between phytoplankton and 
zooplankton phenology”, aimed at identifying the seasonal patterns and interannual variability in 
phytoplankton and zooplankton abundance, biomass and composition in the Salish Sea. The addition of 
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knowledge of trophic pathways will inform how changing zooplankton community structure impacts 
energy transfer to salmon and other fish species.   

Approach: 
Trophic linkages between phytoplankton groups and zooplankton species / groups will be determined 
using a three-part biochemical approach:   

• Fatty acid analysis to measure the contribution of phytoplankton group specific pathways to the 
zooplankton food web, and the energy content and food quality of zooplankton prey species;   

• Stable carbon (δ13C) and nitrogen (δ15N) isotope analysis of bulk tissues bulk tissues to identify 
zooplankton trophic level, trophic niche space, and assign trophic functional groups that define 
food-web linkages.    

• δ13C analysis of amino acids to measure food web pathways 

The post-doctoral fellow will: 
• Manage the sample collections in 2017, assisting in field programs where necessary;  
• Coordinate the laboratory analysis, and be responsible for running the fatty acid analysis;  
• Conduct the statistical analysis of biochemical data to identify food web pathways, and develop a 

compartmentalized food web framework;  
• Liaise directly with the ecosystem modelling group in the development of an operational 

zooplankton interface between the biochemical and food web model components.   

Specific outcomes: 
 A comprehensive analysis of the plankton food web in the Salish Sea has never been conducted before. 
This proposed project will:   

1) Empirically establish food web interactions among lower trophic levels in the Salish Sea;  
2) Develop a compartmentalized food web framework that captures the primary functional feeding 

groups and energy pathways;   
3) Work directly with the ecosystem modelling team to incorporate the identified plankton food web 

structure into the existing Salish Sea model and update the model as appropriate to achieve mass-
balance.   

Status: 
A suitable PDF was identified and began in fall of 2017. Funding is for 2 years of study. 
 
Project overview: This project is combining food-web size spectra with a suite of biochemical methods 
(fatty / amino acids; stable isotopes) to identify plankton food-web pathways to juvenile salmon in the 
Salish Sea, their variability spatially and temporally, their role in the transfer of essential nutrients and 
energy to juvenile salmon, and implications for juvenile salmon health. The plankton food-web framework 
developed by this project for the Salish Sea will improve understanding of how environmental conditions 
impact this ecosystem and its capacity to support juvenile salmon. Additionally, by providing an interface 
between physical-chemical and food-web modelling efforts this project will contribute to improve stock 
return forecasting. 
 
Progress to date: Despite visa delays meaning that Dr. Costalago was unable to join the project until the 
2017, significant progress was made in sample collection during 2017. This was supported to a large 
degree by DFO-SPERA funding that was built off the proposal for this PSF-MITACS project. This SPERA 
funding supports sample analysis as well as a technician in Dr. Ian Forster’s lab, Cris Gomez. Sampling in 
2017 was supported by Mr. Gomez and extensive assistance from DFO collaborators Kelly Young, Moira 
Galbraith and Nina Nemcek. Zooplankton samples were collected with excellent spatial coverage of the 
Strait of Georgia during July and September surveys aboard the CGV Neocaligus (Figure 1). Additional 
samples were collected during Peter Chandler’s Strait of Georgia survey (DFO), and return legs of the CGV 
Tully Line P and La Perouse surveys, providing temporal coverage of the summer and fall seasons. 
Zooplankton samples were preserved both ultra-frozen (< -80oC) and dried. The frozen samples have been 
processed for fatty acid profiles in Dr. Forster’s lab. The dry samples are presently being prepared by Dr. 
Costalago for bulk and compound specific stable isotopes analysis and they expect to receive these data 
by March 2018. In addition to the zooplankton samples they have analyzed juvenile salmon (sockeye, pink 
and chum) and herring for fatty acids, to be able to trace food webs pathways from zooplankton to fish. 
Additional fatty acid data for coho and chinook are being provided by Chrys Neville to contribute to the 
analysis. In addition to the 2017 samples, they have secured dry-preserved plankton samples collected 
annually back to 2010.    
 
Looking ahead to 2018: Dr. Costalago will complete lab analysis of all 2017 samples, as well as the archived 
samples dating back to 2010. They expect to make significant progress in analyzing these data to inform 
food web dynamics by the end of 2018. They also plan to collect further samples in 2018 using the 
platform of multiple DFO cruises in the Strait of Georgia.  



PSC 2017 Final Report (Jan 2017-Dec 2017)           Salish Sea Marine Survival Project 2017 

107 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Stations sampled during CGV Neocaligus surveys on the Strait of Georgia.  
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C. Budget and Funding Updates 

The following pages describe the current status of the budget associated with this grant. A PSF and LLTK 
budget are provided below, both developed in the same manner for consistency. Updates regarding 
complementary funding for the Salish Sea Marine Survival Project will be provided in the end-of-year 
report. 
 
1. PSF Budget 
Detailed Statement of Operations 
Restricted - SSMSP 
Life to Date -November 30, 2017 
 

Category Year Grand 
Total 2014 2015 2016 2017 

Biological Oceanography            

1. Citizen Science           

Boats 2,531 77,480 113,399 116,415 309,825 
Equipment 242,087 8,182 - 3,613 253,881 
Citizen Fishers (application) 

 
33,644 14,488 

 
48,133 

Initial Instrument Set-up & Data User Services 
Support 

 
79,081 14,484 28,452 122,017 

Engineer Support Package 
 

18,763 69,277 50,540 138,580 
Nutrients 3,403 17,010 359 39,280 60,052 
2. Spatial temporal analysis chlorophyll, turbidity 
and sea surface temperature of the Salish Sea 

 
24,544 37,233 3,833 65,610 

3. Sediment Traps 
  

25,000 
 

25,000 

4. High temporal resolution monitoring of surface 
water properties in the Salish Sea 

 
100,083 48,357 40,880 189,320 

5a. Observation of temporal and spatial variability 
of water-column physical chemical and biological 
properties in Cowichan Bay 

 
29,066 

  
29,066 

5b. Physical, Chemical, and Acoustical 
Oceanography of Cowichan Bay 2014 

1,444 
   

1,444 

6. Coupling state-of-the-art chemical 
oceanography with biological relevance 

 
21,726 23,886 

 
45,612 

7. Zooplankton and ichthyoplankton status and 
trends in the northern Salish Sea 

 
132,744 157,588 112,269 402,601 

Biological Oceanography Total 249,465 542,324 504,071 395,281 1,691,141 

Forage Fish 
     

1. Juvenile Herring Survey 15,300 14,186 15,390 16,709 61,585 

2. Hydroacoustics 
  

15,000 30,750 45,750 

3. Dower Fatty Acids 
     

Forage Fish Total 15,300 14,186 30,390 47,459 107,335 

Juvenile Salmon Sampling 
     

1. Early Life History and Critical Rearing Habitat 
Requirements of Cowichan River Chinook 
Salmon 

36,925 
   

36,925 

2. Cowichan Juvenile Chinook Habitat Use 
Assessment to Direct Lower River & Estuary 
Rehabilitation 2014 

20,000 
   

20,000 

3. Cowichan Chinook downstream survival (RST) 6,516 23,538 26,214 154 56,421 

4. A PIT tag based method to investigate survival 
of Cowichan River Chinook throughout various 
stages in their marine life 

31,622 
 

168,772 129,581 329,975 

5a. Equipment - PIT tags 86,446 17,885 
  

104,331 

5b. DNA costs    30,277 30,277 
6. Biomark Array 

  
157,932 

 
157,932 

7. Understanding the factors limiting the 
recruitment of Pacific salmon in the Strait of 
Georgia – From patterns to processes 

16,395 14,364 22,723 9,527 63,008 

8. Plankton & Stomach Analysis - Cowichan 
survey  

68,496 84,796 111,429 78,295 343,017 

9. Charters 
  

53,275 19,375 72,650 

10. Fraser River Estuary Studies 16,395 14,364 22,723 9,527 63,008 

11. Variation in juvenile Cowichan River Chinook 
salmon distribution, diet, and growth rate in 

4,928 24,420 9,750 24,959 
 

64,057 
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Category Year Grand 
Total 2014 2015 2016 2017 

relation to tidal mixing and water column 
stratification 
12. DNA costs for Avid Anglers 

 
19,522 

  
19,522 

13. Discovery Passage Plankton Monitoring and 
Juvenile Salmon Assessment 

10,076 
 

3,075 
 

13,151 

Juvenile Salmon Sampling Total 471,403 230,174 962,671 342,167 2,006,416 

Acoustic Tracking 
     

1. Receiver Deployment 
 

173,612 17,933 
 

191,545 

2. Equipment 79,994 105,230 25,143 
 

210,366 

3. Charters 
 

106,100 
  

106,100 

4a. Kintama Acoustic Studies 
 

49,679 159,454 128,088 337,221 

4b. Mobile Tracking UVic    7,688 7,688 

5. Physiological and environmental factors 
affecting the migratory behaviour and survival of 
sockeye and steelhead salmon smolts  

                      
201,504  

                      
106,129  

                      
243,879  

                      
551,511  

Acoustic Tracking Total 79,994 636,124 308,659 379,654 1,404,430 

Disease and Health 
     

1. SSHI 
 

12,300 298,552 796,554 1,107,407 

2. Emiliano Di Cicco 
 

55,060 59,973 55,677 170,710 

Disease and Health Total 
 

67,360 358,526 852,231 1,278,117 

Predation 
     

1. Seals 223,239 306,973 117,803 51,542 699,557 

2. Fish 16,900 7,200 570 
 

24,670 

3. Birds 21,628 8,015 
  

29,643 

Predation Total 261,767 322,189 118,373 51,542 753,870 

Nearshore Habitat 
     

1. Spatial Temporal Extent of Kelp Canopy Area 
 

31,955 
  

31,955 

2. Evaluating Seagrasses as habitat for juvenile 
salmon 

55,000 
   

55,000 

3. Estuarine and Coastal Restoration 11,200 37,673 37,000 37,500 123,373 

4. Forage Fish spawning habitat surveys 
 

18,516 40,749 44,642 103,907 

5. Eelgrass and Kelp Restoration 
 

71,454 123,928 51,259 246,641 

6. Coastal Eelgrass Communities 
 

25,625 25,625 (21,694) 29,556 

7. Remote Sensing for Eeelgrass Distribution 
 

19,800 
 

31,094 50,894 

Nearshore Habitat Total 66,200 205,023 227,302 142,800 641,325 

Hatchery Assessments 
     

1. Fish Food 
 

8,990 3,818 4,523 17,331 

2. CWT application Cowichan 
 

14,639 14,694 
 

29,334 

3. EPIC4 
  

137,528 66,518 204,046 

Hatchery Assessments Total 
 

23,630 156,040 71,041 250,711 

Analysis and Modelling 
     

1. Christensen   
 

73,313 73,313 

2.Allen    15,375 15,375 

3.Preikshot   14,529  14,529 

4.Hunt    24,600 24,600 

Analysis and Modelling Total   14,529 113,288 127,816 

SOG Data Centre 
     

Contractor 
 

29,418 35,875 25,124 90,417 

Payroll 2,651 16,223 8,101 24,061 51,036 

SOG Data Centre Total 2,651 45,641 43,976 49,185 141,453 

Staffing Total (project coordinator, technician 
and phytoplankton taxonomist) 

115,172 213,879 191,545 158,544 679,140 

Communications Total 10,478 26,944 49,520 1,217 88,159 

Temporary Staff/Contractors Total 5,584 23,640 44,770 37,795 111,788 

Travel, Materials and Supplies Total 88,951 83,667 148,284 101,711 422,613 

Admin Fees Total 78,002 133,755 58,147 26,489 296,393 

Grand Total 1,444,966 2,568,535 3,216,800 2,770,406 10,000,707 
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2. Long Live the Kings  
Detailed Statement of Operations, Restricted - SSMSP - PSC 
Salish Sea Marine Survival Project – 2016 expense update, Dec 1 2016 -Nov 30 2017 
(Note: this budget only covers funds from the Pacific Salmon Commission. $8.6M has been raised to date on the US 
side for the project in total, with another $800k from the Washington State legislature pending.) 

 
  *  Other than NOAA, which is 100% up front, all contracts are monthly or quarterly reimbursement. 
**  Will be paid for by the Pacific Salmon Conservation Foundation + other sources in 2017. 

  ***  Negative carry forward to 2018 ultimately did not occur. This is largely due to work progressing slower than projected 
for spending purposes. All PSC funding, through the end of our 5 year grant period, has been allocated in subawards. 



PSC 2017 Final Report (Jan 2017-Dec 2017)           Salish Sea Marine Survival Project 2017 

111 

LLTK EXPENSE REPORT COST DESCRIPTIONS 

Ref Vendor/Category Description 

1-3 Staff 
Wages/Benefits 

Direct costs for project management, collaboration, research planning, communications 
and outreach 

4 NOAA 
(Chamberlin & 
Greene) 

Contract: A) Field work, analysis, reporting: Juvenile Chinook and coho critical growth 
periods (Chamberlin), B) Analysis and reporting for juvenile herring pops in Chinook diets 
analysis, C) Data gathering, modeling, analysis, reporting: Juvenile Chinook and coho life-
history characteristics/life-cycle modeling (Greene) [Total 2014-2018 PSC allocation  = 
$220,597 + $41,992 for herring analysis] 

5 U. Washington 
(Beauchamp) 

Contract: B) Field work, lab work, analysis, reporting: juvenile Chinook and coho critical 
growth periods   [Total 2014-2016 PSC allocation = $242,000] 

6 U. Washington 
(Keister) 

Contract: A) Training field samplers, lab work, analysis, reporting: Puget Sound-wide 
zooplankton sampling program [Total 2014-2016 PSC allocation = $223,098] 

9 U. Washington 
(Newton & 
Mickett) 

Contract: Install new weather and PAR sensors on 3 Puget Sound ORCAS water quality 
profiling buoys. Create modules so new data will be available via NANOOS data 
streaming web page. Maintain NANOOS and buoys. [Total 2014-2016 PSC allocation = 
$56,866] 

10 Pacific Crest 
Seafoods 
(Brajcich) 

Contract: Purse seine charter for juvenile salmon sampling. Includes captain, crew, 
supplies, food, moorage. 

14 Zooplankton 
supplies 

Nets, flow meters, sample jars, fuel for collaborators. Note, no collaborators decided to 
take a fuel reimbursement. Funding will be transferred to 2015 efforts.  

15 Matt Hagen  Contractor: professional photographer to help establish photo catalog for project 
16 Natasha Dworkin  Contractor: Project media (brochures, case statements,  and other project descriptions) 

development, web site development support,  press management. 

17 Travel  Travel to Canada and for field staff support 
18 Conferences  Registration for Salish Sea Conference (Kemp, Schmidt, White) 
19 US/Canada 

Retreat 
Annual retreat for U.S. and Canadian scientists to aide alignment and compare work.  

20 Research 
Contingency 

Contingency for unexpected expenses. Currently for juvenile salmon: neuston net and 
other sampling supplies that needed to be purchased before NOAA and U. Washington 
contracts were in place 

21-
24 

Administrative 
Costs 

(Self-explanatory) Internet Services (WebEx, Basecamp), Printing, copying, postage, 
Telephone and Long Distance, Office Supplies 

25 Administrative 
Overhead  

LLTK is applying our standard rate of 18% only to direct costs incurred by our 
organization. No overhead is being applied to sub awards/subcontracts. Overhead 
miscalculated originally for budget. Expenses reflect 18% of total direct costs.  

27 Shamra Clark Contractor: Fundraising consultant for LLTK, Salish Sea Marine Survival Project 
fundraising campaign.  

30 U. Washington 
(MacCready) 

Contract: 1) Assess stratification as a mechanism for predicting primary productivity. 
Create wind, cloudiness and light, and stratification long-term datasets for eco indicators 
analyses. 2) Provide oceanography data for Atlantis ecosystem model (Total PSC 
allocation: 

31 Sobocinski Direct hire - Lead investigator on ecosystem indicators indicators (under the guidance of 
a managing PI from NOAA). (Total 2016-2018 PSC allocation: $62,516) 

32 WDFW (Campbell) Contract: Life History, Age, and Growth using otolith microchemistry and scale 
morphometrics (Total PSC allocation = $93,073) 

35 WDFW (O'Neil) Contract: Spatial analysis of contaminant exposure in juvenile Chinook salmon along 
their out-migrant pathway through the Snohomish River, Washington: Identification and 
control of contaminants inputs to improve salmon marine survival (Total PSC allocation: 
$59,229) 

34 USGS 
(Beauchamp) 

Predation Impacts of Resident Chinook and Artificial Light in Puget Sound (Total PSC 
allocation: $72,931) 

33 USGS 
(Beauchamp) 

Effects of Seasonal Availability and Energy Content of Key Prey on Growth Performance 
during Critical Periods for Juvenile Chinook Salmon (Total PSC allocation: $39,605) 

36 Smith Root 
(Thomas) 

North Puget Sound Harbor Seal diet analysis 

37 UW (Hauser) Population specific consumption of Pacific herring by juvenile and sub-adult Chinook 
salmon in Puget Sound (Total PSC allocation: $42,728) 

38 Walker Private consultant hired to do hard parts analysis of seal scat collected in Whidbey Basin 
39 Nelson Private consultant hired to do estimate of harbor seal consumption of chinook and coho 

in Puget Sound (Total PSC allocation: $12,960) 
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40 WWU (Acevedo) Quantify the level of individual prey specialization by sex in harbor seals - Whidbey Basin 
(Total PSC allocation: $12,355) 

41 UW (Keister) Exploration of the JEMS zooplankton time series to better understand and refine its value 
for salmon forecasts (Total PSC allocation: $123,163) 

 
 

 


