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Executive Summary 

The following is the first 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 (February 1, 2014‐December 14, 2014).  
 
Work in Puget Sound and the Strait of Georgia continues to build 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 Canada, work initially 
focused on a comprehensive project in the Cowichan watershed as a pilot focusing on both top‐
down and bottom‐up factors that may be affecting salmon survival. The complete Canadian 
program has now been developed and will be launched February 1, 2015. The intensity of the 
program in the Cowichan region during 2014 assisted in defining the critical parameters for 
measuring early marine survival and growth, with a goal to develop the most cost‐effective 
programs for other areas during 2015. The U.S. program for Puget Sound was completed and 
they are currently implementing their research plan for 2014‐2015. Planning for 2016‐2018 will 
begin in 2015, guided by the incoming findings as prescribed by the U.S. Coordinating Committee 
for this project. The complete 2014‐2015 research plan is available on the resources page of our 
new Salish Sea Marine Survival Project web site (marinesurvivalproject.com).  
 
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 protocols have been shared and reviewed by participants on each side of the 
border, specific samples are being taken consistently, etc. Alignment continues to evolve through 
the development of a common suite of ecosystem and salmon metrics, and cohesive modeling 
and data management approaches. 
 
The U.S. is utilizing the capacity of their large co‐management structure combined with academic 
and federal Principal Investigators to conduct 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 are also working with academic and federal Principal Investigators for the overall 
program. Furthermore, a community‐based, citizen science sampling program is being 
implemented in Canada, utilizing volunteers who will collect water quality data and samples, plus 
phytoplankton and zooplankton samples. 
 
This report provides an update on Project Management, Research Activity Development and 
Implementation Status, Recent Findings, 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 and results‐to‐date for the studies that have been funded directly (either 
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wholly or in part) by PSC funds in 2014. 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.  
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Overview 

The following is the first 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 has committed $5 million dollars over 5 years for this project, 
beginning with $1.8M in 2014. $800k will be provided each year following (2015‐2018). 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 4 sections, a format that we will continue to use throughout this 
project: 

A. Project Management 

B. Research Activity Descriptions 

C. Research Activity Status and Recent Findings 

D. Budget and Funding Updates 
 

This 2014 year‐end report provides information on status for each of the categories above. Please refer 
to section C, “Research Activity Status and Recent Findings” for the primary updates since our submission 
of the July progress report.  
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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 funding1, 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: 

 Hired a project coordinator, Dr. Isobel Pearsall (60% of her salary) 

 Dr. Brian Riddell, CEO PSF, continues in the role of Science Lead (in‐kind) 

 Tim Sucic, VP, Operations, PSF, for accounting, finance, audit, HR, reporting, corporate filing, 
governance (in‐kind) 

 Michael Meneer, Vice President for Development, Marketing, Communications, PSF, for project 
fundraising and communications (in‐kind) 

 Elayne Sun, Communications Coordinator, PSF, for communications and media (in‐kind) 
 

To fill critical gaps in field support, PSF: 

 Hired a senior technician, Oline Luinenberg, phytoplankton taxonomist, Svetlana Esenkulova, and 
field technician, August Jones. 

United States 

LLTK project development, management and field support staffing: 

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

 Iris Kemp, who was previously employed by LLTK as project assistant, was hired full‐time in 
February 2014 as a Research Ecologist for the project. Iris continues to support Michael with 
coordination duties, fills critical research gaps (e.g., field support for juvenile salmon sampling), 
and is the lead on evaluating a 20 year zooplankton dataset.  

 Jacques White, LLTK Executive Director, continues to focus on high‐level coordination with U.S. 
project partners, and strategic positioning of the project within partner priorities.  

                                                 
1 In Puget Sound,  portions of some of the research activities are funded directly via other sources not administered 
by LLTK (described below) 
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 Mike Ewanciw, LLTK Finance Director, manages project finances including direct expenses and 
sub‐awards. 

 Shamra Clark, LLTK’s development consultant, developing and implementing private fundraising 
campaign.  

 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, Oline Luinenberg, August Jones and Svetlana 
Esenkulova. For LLTK, this includes staff time and payments to Natasha Dworkin and Shamra Clark. 

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) 

 Developed a 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, communicating with the interested 
public as the project as it evolves.  

 Established a uniform sub‐awards management process for the entire Salish Sea Marine Survival 
Project. This includes templates for research activity proposals, mid‐year reporting and final 
reporting for all funded work. 

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

 Held management and fundraising meetings, approximately monthly, between key LLTK and PSF 
staff. 

 Developed 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. 

 Hosted, coordinated, and facilitated a successful, annual U.S.‐Canada winter retreat for key 
project participants in Bellingham, December 2‐3 2014. Preliminary findings and research needs 
were discussed, and alignment work continued. A complete report will be available in January 
2015. 

Canada - PSF 

 Facilitated science meetings & workshops to plan and/or implement research activities, including: 
habitat restoration, zooplankton sampling, modeling, telemetry studies, contaminants, 
aquaculture, genomics, juvenile salmon sampling, oceanography, ocean acidity, citizen science. 
Meetings have been with DFO (PBS and IOS) staff, UBC, UVIC, SFU and VIU researchers, BC salmon 



PSC Year-End Report (February-December 2014) Salish Sea Marine Survival Project 2014 

9 

farmers, Vancouver Aquarium, Seachange, citizen science personnel (Hornby Island, Deep Bay, 
Campbell River, Victoria, Sechelt, Madeira Park, Powell River, Campbell River, Gulf Islands). 

 Developed protocols for Strait of Georgia zooplankton sampling and aligned these with the Puget 
Sound zooplankton sampling protocol. 

 Developed a citizen science manual (collaboration with DFO and Ocean Networks Canada) and a 
training video for the citizen science program.  Identification of 8 of the 10 citizen science vessels 
(Victoria, Campbell River, Sechelt, Powell River, Nanaimo/Qualicum, Cowichan, Baynes Sound, 
Saltspring Island). Final selection of vessels for sampling out of Steveston and Lund is ongoing. 
Training of citizen scientists around the Strait of Georgia, and building the citizen science kits has 
been occurring over the past 3 months.  

 Held a one day Salmon Habitat meeting‐ currently developing a follow‐up 2 day symposium to 

discuss kelp and eelgrass restoration, research, and inventories. 

 Held a year‐ end retreat for Cowichan project personnel as well as an information session for local 
stewardship groups, First Nations, volunteers, and interested persons. 

 Development of a juvenile salmon identification card in coordination with LLTK staff and 
researchers from U.S. and Canada – in progress. 

 Held three SSMSP Science Team meetings to discuss program development and to evaluate 
proposals. This group is made up of 10 academic and government scientists. 

 Developed the complete Canadian SSMSP program, after extensive meetings with researchers, 
numerous workshops and steering committee meetings (see above).  

 PSF Oversight committee meeting occurred on December 16 2014 to review the formal SSMSP 
budget for 2015. 

United States - LLTK 

 Facilitated a U.S. Coordinating Committee meeting in March and August to review and confirm 
the research activities to be funded with PSC funds in 2014‐2015, and to continue to assess our 
activities from an application‐to‐management perspective. The Coordinating Committee helps 
oversee the project and consists of lead science‐management representatives from the agencies, 
tribes, and academia involved.  

 Completed sub‐awards for the Puget Sound‐wide juvenile salmon sampling/critical growth period 
study, the Puget Sound‐wide zooplankton monitoring program, updates to the ORCA buoy 
physical monitoring platform and life‐history modeling, a contaminants in juvenile Chinook study, 
and a Chinook survival retrospective assessment.  See research activities for details. 

 Developed and helped implement protocols for the salmon (smolt trap, estuary, nearshore, 
offshore) and zooplankton sampling.   

 Held research activity implementation meetings and conference calls, focusing primarily on 
juvenile salmon and zooplankton sampling given the level of coordination required to implement 
the work. 

 Completed the draft of the 2014‐2015 research plan for Puget Sound that includes active and 
proposed research for the next two years. Implementation timing of activities continue to be 
contingent upon funding, etc. 
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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. 

 Branded the project, including a logo, fonts, colors, and brand elements guide. 

 PSF and, subsequently, LLTK developed case statements: briefing documents designed for public 
consumption, primarily for targeted fundraising. Other relevant fundraising media, including 
flyers, appeals, and 2‐page project descriptions, have also been produced by both organizations. 

 PSF developed an infographic describing the project, available in their 2014 Annual Report. 

 Hosted a double session about this project at the Salish Sea Ecosystem Conference in Seattle, WA 
(we will provide the link to the presentations when they are available on the web). Brian Riddell 
also provided a keynote presentation of the project at this conference. Over 1,000 people 
attended. 

 PSF presented the project as the primary theme of their 2014 Gala Event. 

 PSF had several articles in the news (and in their 2014 annual report) about the project. 

 LLTK and project partners received substantial coverage by the media. Local television news King 
5 did 3 stories on the project, NPR 1 story, and the Northwest Indian Fisheries Commission did 
two stories in their quarterly magazine. 

 PSF and LLTK began creating photo and video stock with professional photographers. Over 500 
photos and multiple videos have been compiled to date. 

 Established a communications resources site for project participants to help them communicate 
about the project (includes stock presentations, photos, video, language/messaging resources, 
the brand elements guide, etc.). This site is on our Basecamp project management utility. 

 Updated PSF and LLTK web sites with new information about the project. 

 Developed a detailed joint web site describing the Salish Sea Marine Survival Project‐ 
marinesurvivalproject.com. This site will continue to be the primary mechanism for encapsulating 
critical details about the project, communicating with the interested public as the project as it 
evolves.  

 LLTK presented the Project over a dozen times, predominantly to conservation and angling groups 
and members of the ecosystem management community. LLTK now receives calls monthly asking 
us to present the project to various angler and conservation and salmon recovery groups. 

Budget Category = “COMMUNICATIONS” on both the PSF and LLTK budgets provided below. For PSF, 
this includes payments to SB Communications. For LLTK, this primarily includes payments to Natasha 
Dworkin.  
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B. Research Activity Descriptions 

Below we report on the studies that have been funded directly (either wholly or in part) by PSC funds in 
2014. A brief overview of each of these studies is also provided in the Research Activities section of the 
marinesurvivalproject.com web site. The Canadian component of the project for 2015 onwards was 
developed this year in full and will be made available on the Project’s web site 
(marinesurvivalproject.com). Only U.S. research activities currently funded by PSC under this grant are 
described below. The Puget Sound research plan is available on the resources page of the Project’s web 
site (marinesurvivalproject.com). Finally, a U.S.‐Canada research alignment guidance document is being 
produced and will be available at the end of January 2015, funded by PSC‐SF‐2013‐I‐16A. This document 
will clarify the approach to research components with significant overlap. 

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:2  

1. Bottom‐Up Sampling Program and Individual Studies  

2. Top‐Down Studies 

3. Trend Analyses and Modeling 
 

                                                 
2 This represents a general framework. The effects of some factors, and affiliated research activities, do overlap 
categories.  
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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 has initially focused on the 
Cowichan watershed as a pilot system, with a more comprehensive approach: focusing on both top‐down 
and bottom‐up factors that may be affecting survival.  
 
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 protocols have been shared and reviewed by participants on each side of the border, 
specific samples are being taken consistently, etc. Alignment continues 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. The Canadians are also working with academic 
and federal Principal Investigators and have now developed their full program3. The Canadians are also 
implementing a community‐based, citizen science sampling program, utilizing volunteers who will collect 
water quality and zooplankton data throughout the Strait of Georgia. 

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 off of 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.  

1. Strait of Georgia/Cowichan Juvenile Salmon Sampling Program and Studies  

The primary objective of the juvenile salmon sampling studies is to understand the factors and processes 
affecting the marine survival of juvenile Chinook salmon. Through a combination of laboratory and field 
programs (i.e. PIT‐tagging, beach seine, purse seine, trawl), 2014 studies aimed to: 1) estimate the survival 
of juvenile Chinook Salmon throughout their marine life, and 2) to test specific mechanisms that have 

                                                 
3 While the Canadian project follows closely PSF’s 2009 initiative for the Strait of Georgia; changes in personnel 
and technologies required a comprehensive review of each project activity proposed.,  
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been hypothesized to affect the marine survival of juvenile Chinook salmon (Appendix 1: Table 1). For 
2014, sampling was focused on Cowichan Chinook salmon.  

Taking a comprehensive approach, we examined bottom up factors (e.g. possible impacts of temperature, 
salinity, availability, timing and quality of zooplankton etc.) and top down factors (e.g. impacts of fish and 
avian predators, impacts of seals, impact of disease, etc.) in a coordinated program. The top‐down 
projects are discussed in the next section (B2. Top Down Studies).  

2014 studies included examination of: 

 In‐river mortality, habitat use and migration patterns 

 Spatial and temporal distribution of salmonid juveniles in the estuary and bay  (using beach seines 
and purse seines) 

 Presence‐absence of predators (fish predators collected via purse seines, small trawls and gillnet 
studies, seals and bird impacts on juveniles assessed using on‐ ground observations and scat 
analyses.) 

 Stomach analyses (to assess diets, quality of prey) of salmon and predators of salmon. 

 Plankton densities/composition  

 Genome analyses and Physiology studies (to assess health and condition of fish, and to assess the 
links between marine survival and growth, physiology, disease etc.) 

 Hatchery‐wild fish interactions  

The intensity of the program during 2014 was geared to define the critical parameters for measuring early 
marine survival and growth to develop the most cost‐effective sampling program to be applied in the 
other areas during 2015. 2014 was also important as a year to test out various different sampling gear 
and for development of different methodologies (e.g. seal PIT tag readers, effectiveness of marine PIT‐
tagging, determining the most effective means of sampling fish predators etc.), as well as building 
community and First Nation partnerships, building capacity (technical staff, phytoplankton and 
zooplankton identification capacity), and developing sampling protocols etc. Below we report on the 2014 
program‐ and describe results from this program in the following section C.  

1.1 Rotary Screw Trap In-River 

Team: Mel Sheng (DFO), Steve Baillie (DFO) and Cowichan Tribes 

Budget Category = “JUVENILE SALMON SAMPLING” on the PSF budget provided below. Includes contracts 
to Cowichan Tribes, J. A. Taylor & Associates. 
 

The Cowichan Chinook stock is the Indicator for the Lower Georgia Strait Management Unit under the 
Pacific Salmon Treaty. Chinook fry from the Cowichan River Hatchery are coded‐wire tagged and two 
groups are released each year: tagged adults are recovered from fisheries and from spawning adults, and 
estimates are derived for both exploitation rate and marine survival. Cowichan Chinook is a well‐studied 
population and benefits from having skilled technicians from an interested local First Nation, high quality 
escapement enumeration, many access points, and a high profile within the community. 
 
In the last 5 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 
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salmon from this system. The estimates assumed that all hatchery fish released 40 kms upstream from 
the estuary in the Cowichan River survive and enter the estuary.  However, based on previous freshwater 
work, this assumption is unlikely to be valid.  Therefore, determining the freshwater mortality of the 
Chinook salmon released from the hatchery, is essential in determining the level of early marine mortality 
of these fish. 
 
During 2014 a Rotary Screw Trap (RST) was operated in the mainstem of the Lower Cowichan River and a 
mark‐capture program conducted on hatchery released fish in order to derive a population estimate.   
 
In 2013, staff from BCCF conducted snorkel surveys 
throughout Cowichan River and estimated that tens of 
thousands of larger wild Chinook smolts remained in 
the river in May‐June.  In contrast, the presence of 
Chinook juveniles in the estuary started in April, 
peaked in May and decreased to negligible numbers 
by June. The migration entry timing into the estuary 
and the percent contribution of these later freshwater 
rearing wild juveniles to the adult returns is unknown.  
The RST also was used to estimate the migration 
timing and numbers of these wild juvenile Chinook 
salmon.   
 
The survey design for the RST and mark recapture was developed by Dr. J. Taylor (JA Taylor and Associates 
Limited) following similar surveys conducted in BC.  The work was undertaken by DFO and Cowichan First 
Nations.   Daily and weekly sampling activities were consistent with statistical program requirements 
outlined in the design. RST trapping occurred from April to July 2014 to assess the population size of wild 
Chinook smolts migrating during this period, and to allow for an estimate of freshwater mortality of 
hatchery smolts.  

1.2 PIT-tagging studies and snorkel surveys 

Team: BC Conservation Foundation. 

Budget Category = “JUVENILE SALMON SAMPLING” and “EQUIPMENT” on the PSF budget provided below. 
Includes contracts BCCF1 and BCCF2, and PIT tags and PIT tag readers/associated equipment. 
 
BC Conservation Foundation carried out snorkel surveys and a pilot Cowichan juvenile Chinook passive 
integrated transponder (PIT) tagging project to better understand: 

1. Migration timing, behavior, residence time, and survival of fry/fingerlings from mid and upper 
river spawning areas through lower river reaches and the estuary. 
2. Differences in distribution, growth and relative abundance of wild and hatchery Chinook juveniles. 
3. The importance of the Cowichan estuary to Chinook smolt production and future adult returns. 
4. Relative survival of different groups of Chinook PIT‐ tagged in‐river, in the estuary and in the Bay  

 
Snorkel surveys in river and estuary were carried out to assist with determining 1, 2 and 3 above.   
 
Question 4 is being answered by using PIT tagging methodology.  Several previous research studies have 
attempted to investigate where mortality is occurring in the marine environment but few answers have 
resulted.  

Figure 1. Rotary Screw Trap 
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The past approach has been to mark fish in freshwater and evaluate recapture rates in the marine 
environment. However, this has proven to be logistically and technologically challenging. BCCF’s work in 
the Cowichan will provide a solution to many of these challenges by approaching the problem from a 
different direction with new technology. By applying PIT tags to fish captured in the marine environment 
at different times and locations, fewer tags are required as mortality rates decline over time. PIT tag 
technology allows a cost effective method for tagging many fish without constraints of battery size and 
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 an infinite range 
of marking locations, times, species, and sizes down to fish measuring only 65mm. If successful, this study 
could provide the biological foundation which identifies the critical time and location that controls survival 
in the marine environment. 
 

 
 

 

 

 

 

 

 

 

 

 

 

Figure 2. Applying PIT tags (left) and the incision after application (right) 

1.3 Juvenile salmon surveys (beach seining, purse seining, trawl) & concurrent Oceanographic Sampling.  

 
1.3.1 Juvenile sampling studies 
Team: Marc Trudel (DFO-PBS), Chrys Neville (DFO-PBS), Oline Luinenberg (PSF), Carol Cooper (DFO-PBS), 
Svetlana Esenkulova (PSF), Dave Preikshot (Madrone Environmental), Lana Fitzpatrick (DFO-PBS), August 
Jones (PSF), Francis Juanes (Uvic)-otoliths, 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) 

Budget Categories = “JUVENILE SALMON SAMPLING” and “VESSELS” on the PSF budget provided below. 
Includes payments to DFO under the contribution agreement (DFO Early Mortality), Pacific Crest Seafoods 
Net Purchase (seine for sampling juvenile salmon), and Canfisco (vessel costs for field research). 

During 2014, intensive sampling of juvenile salmon in Cowichan estuary and bay occurred concurrently 
with oceanographic sampling. This work is a continuation of work done in 2013. 
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The juvenile sampling studies have been designed to address certain key questions, including the 
distribution and abundance of juvenile salmon (all species, but Chinook is the focus species), the growth 
and health of the fish, and the differences in these metrics between hatchery and wild fish.  
 
Juvenile salmon have been collected by beach seines, purse seines and small boat trawls. Beach seining 
was begun in time to catch the first pulse of out‐migrating salmon and ended once the fish have moved 
off the beach (late June).  Purse seining extended into July to catch the fish in the waters Cowichan Bay 
and Satellite channel. Trawls using small trawl nets were also carried out using a different vessel, the 
Neocaligus, which also sampled a variety of areas in the Bay and further offshore. 
 

   
Figure 3. Beach Seining Cowichan Bay 

 
Figure 4. Purse seining in Cowichan Bay 

 
All the juvenile Chinook salmon and coho salmon were scanned for coded‐wire‐tags (CWT) and PIT‐tags 
(Chinook salmon only). Otoliths of juvenile Chinook salmon were removed to estimate marine growth and 
the timing of ocean entry. Fish were collected to allow for future assays of RNA:DNA ratios to provide 
short‐term measures of growth. Stomach contents were removed and are currently being analyzed in the 
lab to determine their diet. Muscle tissues were also removed for stable isotope and fatty acids analyses. 
Stable isotopes will be used to complement diet analyses to determine the proportion of fish in their diet 
and as an overall indicator of ecosystem productivity. Fatty acids also will be used to determine the 
nutritional status of juvenile Chinook salmon. Cesium concentrations will also be measured in both wild 
and hatchery fish to estimate their feeding rate.  
 

Figure 5. Sorting fish caught in the purse seine  
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Figure 6. Collecting samples (tissues, blood, DNA etc) for genomics and physiology studies  

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 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).  
 
This work will be continued in other locations within the Strait of Georgia during 2015‐ but sampling will 
be at a much lower intensity than was carried out at Cowichan during 2014. 
 
1.3.2 Oceanographic studies 

Team: Mike Dempsey (DFO-IOS), Eddy Carmack (DFO-IOS), Jane Eert (DFO-IOS), Svein Vagle (DFO-IOS) 

Budget Category = “EQUIPMENT” on the PSF budget provided below. Includes 3 moorings placed in 
Cowichan Bay. 

A repeat sampling grid covering Cowichan Bay and immediately connected waters was established, and 
then sampled on weekly intervals during April to June 2013 for temperature, salinity, chlorophyll 
fluorescence, nutrients and zooplankton. Oceanographic studies were carried out concurrently with fish 
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assessments. A longer transect connecting Cowichan Bay to the Strait of Georgia was also sampled once 
a month. Based on the scientific findings of that pilot study, a more comprehensive study was developed 
for spring and early summer 2014. 

This study began April 2014 and continued through July. This 2014 effort addressed four components 
identified as possible causes of the high smolt mortality in the Cowichan Bay system:  

 Water Properties: They have deployed an internally recording thermistor in the river near the 
estuary to measure river water temperatures throughout the study period. Weekly missions on 
their research boat Elvis took samples from the 15 sampling stations within the Cowichan estuary 
and bay.  At each station CTD plus fluorescence and dissolved oxygen were taken. They also 
collected nutrients at some stations, and carried out vertical net tows for zooplankton species and 
abundance estimation. 

 Substrate: Eelgrass habitat in the bay has been identified as important to marine survival. They 
have attempted to map out substrate types, including eelgrass beds, using three different 
techniques:  

1) A 4‐channel 100 kHz sidescan sonar system deployed from Elvis.  

2) A GOPRO camera mounted to the boat when travelling in shallow water to determine 
whether bottom types and fish can be identified.  

3) CHS Otter Bay multibeam sonar system as part of spring training and system testing.  

 Food: Chlorophyll sensors on the CTD and on 3 moorings within the Cowichan Bay provide 
estimates of phytoplankton blooms. The vertical net‐tows at the stations also provided weekly 
estimates of zooplankton composition and abundance.  

 Predation: To monitor the number and timing of predators, especially seals and birds in the 
estuary, they aimed to set up a time‐lapse camera to provide time series of predator type and 
abundance.  

 Moorings: One of the main scientific outcomes of the 2013 pilot study, was the significant 
variability in water properties, including chlorophyll and dissolved oxygen observations, from 
week to week, making it difficult to infer what was happening in the bay and its surrounding 
waters. To address this limitation IOS staff deployed three moorings; two in Cowichan Bay and 
one in Satellite Channel. 

 
1.3.3 Other Projects 

Teams: Cedar Chittenden (contractor) and Elan Downey, Centre for Aquatic Health Sciences (CAHS), 
Campbell River 

Budget Category = “JUVENILE SALMON SAMPLING” on the PSF budget provided below. 

Cedar Chittenden was contracted for 2 months as a term research assistant to compare Chinook salmon 
diet data from the 2008‐2013 research in Cowichan Bay with historical data found in the literature to 
create a comprehensive guide of diet by size for researchers to reference. This contract included 
compilation and archiving of juvenile Chinook salmon diet data for data analyses using multivariate 
analyses. This report is available upon request. 
 
Elan Downey of CAHS received a one‐time project payment to continue work on juvenile salmon ecology 
in Campbell River. This was particularly important as Campbell River is one of the locations that is being 
considered for expansion of the juvenile salmon program (as carried out in Cowichan this year) for 2015. 
The CAHS project focuses primarily on improving the returns of Coho reared at the Quinsam Hatchery in 
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Campbell River BC. There are many components including: characterizing plankton dynamics; evaluating 
which measured environmental indicators correlate with the timing and composition of plankton blooms; 
providing a program that is a tool to assist in predicting the strength or weakness of a brood year far in 
advance of the return so that pro‐active management measures can be implemented; as well as 
collaboration and knowledge‐transfer between governmental, non‐governmental and First Nations 
organizations. Funds to CAHS allowed for continued plankton identification and analysis during 2014. 

2. Citizen Science Program: Strait of Georgia 

Budget Categories = “CITIZEN SCIENCE” and “EQUIPMENT” on the PSF budget provided below. Includes 
payments to Linda White for preparing sample kits (for nutrient analyses) and for the CTD and other 
equipment packages for each of the three citizen science vessels currently being outfitted. 

This program was originally proposed by Dr. Eddy Carmack, retired scientist from the Institute of Ocean 
Sciences (IOS), 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.  His concept was that 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. We have partnered with Ocean Networks 
Canada (ONC) to assist with program management for the citizen science program and are making good 
progress with implementing Dr. Carmack’s idea. 
 
IOS scientists have divided the Salish Sea into overlapping areas that they hope can be covered by a small 
boat in one day of sampling. These include: 
 
 

 Campbell River 

 Union Bay 

 Qualicum 

 Nanaimo 

 Cowichan Bay 

 Sooke 

 Lund 

 Irvine’s Ldg 

 Sechelt 

 Steveston 
 
 
 
Having citizen scientists make oceanographic measurements in each of these areas, on the same day each 
week between February and July, 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 has served to test equipment and refine the methodology for this program. Ocean Networks Canada 
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will provide a smart phone application during 2015 for sample data transfer where all data will be archived 
and made freely available over the internet. They will be responsible for project management, 
calibrations, engineering support, data management and QA/QC. 
 
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 we take water samples 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. 
 
The fourth element is the use of a secchi disk which is used to asses water turbidity. The data collected 
from this part of our 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 our 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 our 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. 
 

Installation of sampling equipment is relatively simple, only requiring the installation of a mounting 
bracket for a small downrigger provided and installed at no cost. Approximately 3 feet by 5 feet of deck 
space is needed for instrument and equipment storage. This pilot project is the only one of its kind and 
thus brings opportunity for partnering with other citizens in the collection of oceanographic data.  

3. 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. 
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Budget Category = “JUVENILE SALMON”, “VESSELS”, and “FIELD EQUIPMENT AND SUPPLIES” on the LLTK 
budget provided below. Funding is for offshore sample collection (including the seine net), 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.   

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), we 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 growth4 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 

                                                 
4 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  

 

Figure 7. 2014 Purse seine sites for Puget Sound populations 
(Nooksack, Skagit, Snohomish, Nisqually). Green River 
population sampling occurred opportunistically, a result of 
seining for steelhead in that area1. Sampling also occurred in the 
Noosack, Skagit, Snohomish and Nisqually rivers, estuary and 
nearshore, and in the San Juans nearshore. 
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stages, we can use bioenergetics model simulations to diagnose which factors most affect growth for 
specific periods, regions and stocks or species. 

The first two years of this program (2014‐2015) will be intensive, to identify the critical periods and 
habitats when and where size selective mortality operates and examine the key factors that affect growth 
during these critical periods.  If funding allows, this initial effort will be transition into a more streamlined, 
monitoring program that focused on measuring the subset of candidate indicators at the temporal 
frequency and spatial resolution needed to optimize efficacy and economies of scale, based on the 
findings from this initial phase. 

Four watersheds, the Nisqually, Snohomish, Skagit and Nooksack were designated to represent the Puget 
Sound marine sub‐basins’ varying degrees of habitat quality, and based upon where intensive (hatchery, 
lower river smolt trap, estuary/nearshore) sampling efforts already exist.  Unfortunately, limited funding 
and the lack of an ongoing estuary/nearshore sampling program has currently prevented the inclusion of 
a starkly urban watershed, such as the Green/Duwamish. The focus is on Chinook and coho salmon. Other 
fish will be analyzed to evaluate interactions [food web composition, competition, and predation (to the 
extent practicable)]. The marine waters of the San Juan Islands are also included as a focal area, to help 
determine the area’s role in the overall growth and survival of the Chinook and coho populations know to 
utilize that habitat. 

4. 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, and other U. of Washington affiliates.  

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.    

A Puget Sound‐wide study of the zooplankton community and its critical relationship with salmon has 
been initiated in collaboration with numerous tribes and agencies around the region. The intent of this 
effort is to: 

1. 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. 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. Samples collected by NOAA in 2011, and diet data conducted by D. Beauchamp (USGS) 
in 2001‐2002 and in 2001‐2013 in some Puget Sound sub‐basins, will be compared to salmon 
SARs.  

The first two years of this effort (2014‐2015) will be intensive. The collaborative framework and outcomes 
will ultimately be used to establish and optimize a long‐term zooplankton monitoring program. 
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Two types of sampling are being conducted. The first (obliquely‐towed bongo nets) is designed to sample 
the dominant juvenile salmon prey and provides "Prey Field Indicators." The second (vertically lifted ring 
nets) is used to develop "Ecosystem Indicators", used to capture the relatively subtle shifts in species 
dominance that occurs in response to environmental variations.  

Puget Sound sub‐basin spatial representation (Simenstad et al. 2011) was considered when choosing 
sampling transect locations. 5 sub‐basins are being sampled: San Juan Islands and Georgia Strait Basin, 
Whidbey Basin, South Central Puget Sound Basin, South Puget Sound Basin, Hood Canal. In addition, one 
existing station (JEMS) in the Strait of Juan de Fuca will continue to be sampled. 

This research activity utilizes a distributed approach. Eight different parties are involved: seven sampling 
off over their own vessels, and one additional party sampling from the purse seiner in marine waters 
offshore of the Snohomish and Nisqually watersheds.  

Specific protocol were developed to make the sampling as uniform as possible; however, the protocol 
were slightly tailored by site based upon habitat and capacity differences. Like the salmon sampling, the 
sampling differences are not considered great enough to be a risk to the analyses. 

5. Physical characteristics and phytoplankton production: Upgrading and utilizing the ORCAS 
buoy network and NANOOS  

Principal Investigator: Jan Newton (U. of Washington), John Mickett (U. of Washington)  

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 

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). These data will be contributed to the LLTK study team 
in order to evaluate bottom up control of salmon productivity. The data are critical for constraining the 
numerical model that will test the bottom up hypotheses 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). This effort will also work 
directly with efforts focused on ocean acidification (e.g., new UW ocean acidification program) to ensure 
that marine carbon chemistry and pH are included in the suite of baseline physical attributes monitored 
in strategic locations within the Salish Sea. 

The physical data will be aggregated and managed via the online NANOOS platform. 

If funding becomes available, one additional ORCA buoy will considered for the network in Puget Sound 
proper. The locations for new buoys under consideration include Saratoga Passage in Whidbey Basin, 
Totten Inlet in South Puget Sound Basin, and Bellingham Bay in the Georgia Strait Basin.  
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Met Pak Pro Weather Stations (Model 100 1723‐2A‐4‐111). 
The weather stations include sensors for temperature, 
relative humidity and dew point, and barometric pressure. 
The unit is supplied with 10 M Cable to work with remote 
wind sensor Model 200‐7000‐2 WindSonic Wind Speed & 
Direction Sensor. We will integrate a LiCOR LI190 PAR 
sensor to the buoys as well. These data streams will feed 
into existing data transmission routings we have established 
for near‐real time data transmission. The data feeds are 
viewable and downloadable (up to 60 days) on the NANOOS 
Visualization System (NVS) portal (www.nvs.nanoos.org) 
and viewable on the ORCA buoy website 
(http://orca.ocean.washington.edu/) and the full QC’ed 
data sets will be made available to the project team by the 
UW principal investigators. The ORCA buoys are maintained 
and quality assured as described in the QAPP we established 
with the Washington State Department of Ecology   
(http://orca.ocean.washington.edu/QAPP.html). 

 

 

 

 

B2. Top Down Studies 
Top‐down effects are those limits to salmon survival imposed by what eats, competes with, weakens or 
otherwise kills juvenile salmon and steelhead. Targeted studies evaluate predation (what eats salmon and 
steelhead) and other factors that may be contributing to mortality, including: disease, toxic chemicals, 
competition between hatchery and wild fish, harmful algae, and aquaculture impacts.  

1. Disease & Health: Cowichan Bay 

Team: Kristi Miller-Saunders (DFO-PBS) 

Budget Category = “JUVENILE SALMON SAMPLING” on the PSF budget provided below. Includes payments 
to DFO under the contribution agreement (DFO Early Mortality). 

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. 

These studies aim to identify stressors that may undermine early marine survival. The fish collected are 
being integrated into genomic studies that utilize assessments of the physiological condition of fish to 
identify stressors that may undermine early marine survival and microbe monitoring research to identify 
what microbes, if any, may be important in early marine survival.   

Figure 8.The three ORCA buoys in Puget Sound network that are 
being upgraded with weather stations and PAR sensors. 
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Researchers are using novel genomic approaches that utilize physiological assessments to identify 
potential stressors and monitor dozens of microbes to identify pathogens that might be of greatest 
import.  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.   

2. Harmful Algae in Cowichan Bay 

Team: Svetlana Esenkulova (PSF) 

The harmful algae program is currently a pilot project in B.C. and will be expanded in 2015. Svetlana 
Esenkulova was contracted to analyze samples from the Cowichan Bay region from both the beach seine 
and purse seine studies to determine prevalence of harmful algae. 

3. Bird Predation in Cowichan Bay 

Team: Joy Wade (contractor, Fundy Aquatic Services Inc. (and local volunteers) 

Budget Category = “PREDATION” in the PSF budget provided below. Includes payments to Fundy Aqua 
Services Inc., Sarah Chalmers and Tristan Douglas (bird observers).  

In order to determine the sources of early marine mortality for Chinook salmon in the Cowichan River 
system, all sources of predation, including from birds, must be considered.  To date, there has been little 
effort to characterize the abundance and diversity of bird species at the time of smolt outmigration from 
the Cowichan River in either the river or the estuary.  The purpose of this project has therefore been to 
collect preliminary data on the abundance and diversity of the non‐passerine birds in this area through a 
citizen science based project. In addition, scat have been collected from known piscivorous birds and are 
currently undergoing DNA analysis.  It is believed that such an analysis will be able to determine which 
species of salmon are being consumed if any.  

4. Seal Predation in Cowichan Bay 

Team: Ben Nelson and Andrew Trites (UBC) 

Budget Category = “PREDATION” in the PSF budget provided below. Includes payments to UBC Marine 
Mammal Program (MMP).  

Since the 1970s, native stocks of Chinook and coho salmon have declined throughout the Strait of Georgia 
(SOG), despite sizable reductions in harvest from commercial and recreational sources. Coinciding with 
the decline of these species are rapid increases in populations of pinnipeds native to the SOG, including 
Steller sea lions, California sea lions and harbour seals.  

Salmonids are a significant dietary component of seals and sea lions in the SOG, particularly in estuaries 
where adult salmon return to their natal steams. There is also direct scientific evidence of seals preying 
on out‐migrating juvenile salmon during the spring. Such predation in combination with habitat loss, 
fishery removals, declining prey abundance and climate regime shifts may explain the dramatic declines 
in salmon abundance in the SOG. However, the trends in pinniped abundance have led some scientists to 
speculate that predation on salmon by marine mammals may be particularly significant and may be 
impeding recovery. 
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This team are assessing the impact of seals on salmonids in Cowichan Bay by counting the number of 
predators in the Cowichan Bay, quantifying predation events from visual observations, and determining 
diets from morphological and genetic analysis of fecal samples. These data will be used in a model being 
developed by PhD student Ben Nelson to test whether pinnipeds are inhibiting the recovery of 
commercially and recreationally important stocks of Chinook and coho salmon in the Strait of Georgia. 
The field study has also laid the groundwork needed for 2015 when seals will be captured and 
instrumented to fully understand and mitigate the ways in which pinnipeds are exploiting salmon at Big 
Qualicum Hatchery.  

5. Fish Predators in Cowichan Bay 

Team: Dick Beamish (DFO-PBS, retired), Joy Wade (contractor), Dave Preikshot (Madrone Environmental), 
Lana Fitzpatrick (DFO-PBS) 

Budget Category = “PREDATION” and “VESSELS” in the PSF budget provided below. Includes payments to 
Fundy Aqua Services Inc. (work on gillnet surveys), Barry Crow (gillnetter), DFO Early Mortality, and 
Canfisco (use of purse seines for night time predation studies). 

Pacific salmon experience heavy and highly variable losses in the ocean, with natural mortality rates 
generally exceeding 90‐95% during their marine life. Most of this mortality is thought to occur in coastal 
marine ecosystems during two critical periods: an early predation‐based mortality that occurs during the 
first few weeks following ocean entry, and a starvation‐based mortality period during the first fall and 
winter at sea.  

During 2014, a number of studies were carried out in Cowichan Bay to determine whether fish predation 
of juvenile Chinook and coho accounts for a significant level of mortality in this early marine period.  
Sampling occurred primarily at night‐time, at a variety of depths, and using a variety of fishing gear 
including gillnet, trawl and purse seine surveys.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 9. Predation studies- gillnetting, bird observations, bird scat collections 
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6. Contaminants in Puget Sound 

Principal Investigator: Sandie O’Neil (WDFW) 

Budget Category = “CONTAMINANTS” on the LLTK budget provided below. Contract to WDFW not 
finalized. Budget reference num. 11. 

 
Contaminants from multiple sources, including known chemicals of concern, enter Puget Sound via 
stormwater, wastewater treatment facilities, industrial discharges, and atmospheric deposition. Juvenile 
Chinook salmon (Oncorhynchus tshawytscha) migrating from freshwater to saltwater in Puget Sound 
enroute to the Pacific Ocean can encounter a wide range of water quality conditions, from relatively clean 
to highly contaminated, depending on their migration route. Impairment of water quality in freshwater, 
estuarine and nearshore habitats represents a significant threat to juvenile Chinook salmon populations, 
especially as they transition from fresh to saltwater, and may reduce their early marine survival. In this 
study, we are measuring juvenile Chinook salmon exposure to known chemicals of concern at four major 
Puget Sound river/nearshore marine systems (Skagit, Snohomish, Green, Nisqually), an additional marine 
industrial embayment, and four offshore marine basins.  The objectives are to (1) measure the magnitude 
of exposure in outmigrants across four major rivers, five major embayments and four offshore basins, (2) 
evaluate potential effects on marine survival and (3) identify “sources” of contaminants inputs along the 
outmigrant pathway (i.e., river, estuarine or offshore locations). Results from this work will be used to 
provide a measure of the effectiveness of current toxic reduction strategies and actions, inform future 
pollution reduction efforts, and enhance recovery of Chinook salmon. This work began in 2013, supported 
by direct funding to WDFW via a National Estuary grant from the Washington Department of Ecology, for 
the in‐river and estuary work. Through 2014 funding for the Salish Sea Marine Survival Project, the 
chemical analyses of the offshore samples will be completed. 

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 we learn, these activities will be aligned with the proposed suite of research activities 
involving the collection of new data.  

Several of the primary activities in this section (salmon survival trends, ecosystem indicators, and 
ecosystem modeling) are being developed and implemented with significant collaboration between U.S. 
and Canadian scientists. There is less agreement on the value of evaluating the effects of outmigration 
timing and size (and residence time in the Salish Sea) relative to survival (associated with the operational 
hypothesis that changes to life‐history variation (2) is related to the decline in marine survival of Chinook 
and coho).  A joint coho retrospective survival study is complete, funded via SF‐2013‐I‐16 B. The Chinook 
survival assessment has begun and is described in Section C below, and the process for developing the 
suite of ecosystem indicators to be assessed throughout the Salish Sea is being completed via PSC 2013 
US‐Canada alignment funding and via NOAA internal funding. The US‐CA Coho Task Team determined that 



PSC Year-End Report (February-December 2014) Salish Sea Marine Survival Project 2014 

28 

a focus on coho survival trends with ecosystem characteristics should be the next step versus a focus on 
life‐history characteristics, and the Team is assessing the potential for developing an early marine survival 
index for Puget Sound, similar to the one for the Strait of Georgia.  Furthermore, modelers from the United 
States and Canada discussed approaches and targeted outcomes in the fall of 2014 to ensure efforts are 
well aligned.  

The following three activities are currently funded via this grant. The first two are in Puget Sound and the 
last describes the Salish Sea –wide assessment of Chinook survival.  

1. Puget Sound - JEMS zooplankton time series relative to physical controls and salmon survival 
(contributes to ecosystem indicators development) 

Investigators: Dr. Julie Keister (U. Washington), Dr. Correigh Greene (NOAA) 
Budget Category = “ZOOPLANKTON” on the LLTK budget provided below. Budget reference num. 6. 
 
This study will 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. 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.  
 

2. Puget Sound/Skagit River Life cycle modeling 
Principal Investigator: Correigh Greene (NOAA) 
Budget Category = “JUVENILE SALMON” on the LLTK budget provided below. Budget reference num. 4. 
 
Several studies across the Pacific Northwest point to the importance of life history variation (e.g., variation 
in size, outmigration timing, and age structure) in influencing the productivity and resilience of salmon 
populations in response to environmental variation (Moore et al. 2009, Greene et al. 2010, Schindler et 
al. 2011, Thorson et al. 2013).  Much of this variation is produced in freshwater before salmon enter 
marine waters, but the consequences of this variation in marine waters (and Puget Sound in particular) is 
not known. Understanding the extent to which variation in growth, migration, and survival of different 
life history types in freshwater and marine habitats is important to determine the extent to which changes 
in survival within Puget Sound affect adult returns. 
 
Addressing these types of questions requires a synthesis of abundance and age structure data, in a way 
that can project changes in life history attributes. This research activity involves a rigorous analysis of 
different life history components for two intensively monitored fish populations within Puget Sound: 
Chinook and coho salmon in the Skagit River data into life cycle models that can be used to test for the 
relative importance of various life history variables (e.g., age‐specific or size‐specific marine survival rate, 
frequency of yearling outmigrants).  
 
Chinook and coho data and environmental data will be compiled. Chinook and coho already have a life 
cycle model constructed in SLAM that will be modified to better incorporate habitat information and 
updated population data. Scenarios run using these models will be incorporate several novel features. 



PSC Year-End Report (February-December 2014) Salish Sea Marine Survival Project 2014 

29 

First, we will evaluate the influence of habitat diversity on multiple life history decisions by salmon and 
consequences of changes in local abundance upon juvenile production. Hence, the modeling should be 
able to incorporate limiting factors at a number of life stages, including adult spawning, early juvenile 
rearing, and overwintering. Second, we will examine the sensitivity of early marine survival to freshwater 
and estuarine based changes in productivity and capacity, and thereby evaluate the degree to which 
freshwater environments indirectly influence marine survival and consequent adult returns. Finally, we 
will use these models to help inform monitoring and management decisions in the face of lack of data on 
life history variation or their habitats. We will examine this issue by comparing scenarios that vary 
amounts of life history diversity, thereby demonstrating its relative importance, and by varying habitat 
amounts, thereby demonstrating how systems with differing habitat availability than the Skagit River 
might be affected. Updates to the model and additional runs will be carried out by the contracted 
statistician. 
 
This work will begin in the fall of 2014. The contract with NOAA for this work is already complete. A 
nominal amount of Southern Fund Committee money is used for this research activity ($16,832). This 
activity satisfies another need of interest to Trout Unlimited, who is contributing $80,369 for this: to 
develop a method for evaluating freshwater habitat productivity potential.  

3. Spatial and temporal patterns of smolt-to-adult survival of hatchery reared Chinook in the 
Salish Sea 

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. 
 
As a part of a greater effort to better understand factors affecting the marine survival of Pacific salmon 
and steelhead populations throughout the Salish Sea, the investigators will conduct a retrospective 
analysis of temporal and spatial patterns of smolt‐to‐adult survival of hatchery Chinook populations 
throughout the Salish Sea utilizing an existing time series of smolt release size and cohort abundance 
(harvest impacts and escapement) for each population. This activity will use the same approach as was 
applied to coho throughout the Salish Sea and steelhead in Puget Sound. Unlike coho, the Chinook Task 
Team decided to tackle hatchery Chinook before wild Chinook given the status of wild data for Chinook 
compared to coho (basically, the wild Chinook data needs more work). These trends datasets are being 
used to evaluate correlations in survival with environmental and life‐history characteristics as part of the 
Ecosystem Indicators analyses of the Salish Sea Marine Survival Project. 
 
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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C. Research Activity Status and Recent Findings  

Strait of Georgia Summary 

This year (2014) was a pilot year for the Canadian SSMSP program. We developed the citizen science 
program, and completed a second year of detailed studies of oceanography and early marine life history 
of juvenile Chinook in the Cowichan watershed, estuary and bay. We also purchased a great deal of the 
equipment that will be used throughout the SSMSP, including the 10 citizen science kits, built two purse 
seine nets for juvenile salmon surveys, gillnets, cameras, PIT tags, PIT tag readers, PIT tag arrays, seal 
beanies and equipment for the seal RFID project (20 units).  
 
The work done in 2014 allowed us to evaluate methodologies, define sampling intensity, and to streamline 
the projects for 2015. Oceanographic and lower trophic level sampling during 2015 will be throughout 
Juan de Fuca and the Strait of Georgia, utilizing the citizen science program, as well as an augmented DFO 
“backbone” of vessels to collect oceanographic information and zooplankton. To address bottom‐up 
process, approaches that provide information at various time and spatial scales are needed, which must 
involve a degree of both continuous and sustained data collection. Satellites, radiometers, and other 
optical sensors aboard of vessels of opportunity and buoys can provide this information at the needed 
scales. Thus in 2015 we will be funding the collection of data from oceanographic moorings in the 
Northern and Southern Strait of Georgia, as well as in the Cowichan region, as well as a compilation of 
information from ocean colour satellite imagery, sensors aboard vessels of opportunity (FerryBox and 
FOCOS‐BC Ferries), and in situ data from research cruises. The work done during 2014 to collect 
zooplankton in Cowichan Bay has also guided the training, methodology, and plan to implement 
zooplankton collections on citizen science vessels. 

 
It was agreed that given the large amount of information amassed over the past few years, and the level 
of academic, local and volunteer interest, focussed studies of juvenile Chinook should continue in the 
Cowichan. Given the success of the PIT tagging methodology, freshwater and marine PIT tagging of 
juvenile Chinook will also continue over 2015 in this area. Micro‐trolling was also found effective for 
catching and PIT tagging larger juveniles offshore and will be carried out during 2015 involving a large 
citizen science group‐ the Avid Anglers, to achieve higher PIT tagging targets. However, because the RFID 
readers are more optimally suited to pick up larger PIT tags than can be used in Chinook, larger tags will 
be inserted into coho at Big Qualicum Hatchery and the RFID seal predation studies will be continued in 
that region.  
 
The Cowichan results from 2014 have guided the development our juvenile salmon program for 2015. We 
aim to continue to address three key questions: 
 
1. To what extent freshwater mortality and early marine mortality contribute to total marine mortality? 
2. How is early marine survival determined by smolt characteristics (size, ocean entry time, growth, 
microbe presence)?  
3. How is marine growth affected by ocean conditions? 
 
Thus, the recommendations for 2015 around juvenile salmon studies are to carry out the following: 
 
1. Estimation of freshwater and marine survival from capture‐mark‐recapture (PIT‐tags) as well as use of 
Rotary Screw traps. 
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2. Cohort analysis using smolts obtained at the river mouth or hatchery (for several chinook and coho 
stocks around the Strait of Georgia) and juveniles collected from July and September trawl surveys.  
Condition of the fish ((size, ocean entry time, growth, microbe presence etc.) will be compared at these 
different time periods to see which fish are being lost from the population over time. 
3. Comparative method with marine survival as a response variable to test specific hypotheses using 
stocks that exhibited contrasting patterns of marine survival. 

 
Regarding top‐down projects, our results from 2014 suggested that focussed studies on bird and fish 
predation on juvenile salmon should be cut back during 2015, but that studies of potential impact of seal 
predation should be emphasized. The information on occurrence and impacts on wild fish of harmful algal 
blooms during 2014 have also led to the development of a more substantive harmful algae program for 
2015. Microbe and health assays on juveniles collected throughout the Strait of Georgia will be continued.   
 
The complete Canadian program for 2015 will be made available shortly on the 
www.marinesurvivalproject.com website. 

Puget Sound Summary 

The Puget Sound‐wide bottom‐up program has been funded for a two‐year field sampling cycle (2014‐
2015). The sampling effort was implemented with good success, especially given that this effort was a 
massive collaboration, aligning the efforts of over eight different organizations and 80 staff. Fish collection 
objectives were met in nearly every sampling location, including great success with the offshore 
collections via a Canadian purse seiner. Zooplankton sampling began slowly, but still resulted in high 
numbers of quality samples over the target time period, and over much of Puget Sound. The primary 
constraint to the zooplankton program were boat limitations in North Puget Sound that led to limited 
success of the oblique, or prey field, tow (one of the two styles of tows implemented). Larger, more apt 
vessels will be arranged for 2015 to ensure these tows are successful. Unfortunately, upgrades (weather 
and solar sensors) to buoys profiling the physical characteristics of Puget Sound were delayed by the 
timing of funds available, and did not occur in time for the 2014 salmon outmigration window. However, 
the installations will be completed within the month, before next year’s outmigration. Weather and solar 
data from other sources will be used for 2014. 
 
Additionally, for this time period, the U.S. has been focusing on the use of existing data to assess 
correlations between salmon survival and various biological and environmental factors, and on 
completing a toxic contaminants in juvenile Chinook assessment. The coho survival trends assessment 
was completed (funded previously via the Southern Endowment), a US‐Canada Chinook Task Team was 
formed to initiate the Chinook survival trends work, a life‐cycle model has begun to take shape, and 
zooplankton samples from our longest Puget Sound dataset were processed.  
 
Detailed reports of the status of each activity can be found as part of the report, below. Given the broad 
scope of their work and study timelines that extend to 2015 or 2016, there are no Puget Sound research 
findings to report at this time. That said, the scientists are focused on releasing results as they go to ensure 
their data are informing research activity next steps.  
 
Beyond the Southern Endowment funded work, the first phase of a comprehensive, predominantly top‐
down Puget Sound steelhead marine survival research effort was carried out, funded with Washington 
State appropriations. A workshop report describing the preliminary results of the Puget Sound steelhead 
marine survival research activities is appended to this document.  
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C1. Bottom-Up Sampling Program and Individual Studies 
 
1. Strait of Georgia/Cowichan Juvenile Salmon Sampling Program and Studies  
 
1.1 Rotary Screw Trap In-River 
Team: Mel Sheng (DFO), Steve Baillie (DFO) and Cowichan Tribes 
 
Rotary Screw trapping on the Cowichan River occurred from April to July 2014 and was designed to assess 
the population size of wild Chinook smolts migrating during this period, and to allow for an estimate of 
freshwater mortality of hatchery smolts. The trap was sampled daily, consistent with the statistical 
program requirements outlined in the design.  
 
Unfortunately the data were inconclusive due to low recapture rates and poor trap efficiency. Two 
different traps and trap locations were utilized, but there were issues with mesh and water velocity in 
both. The data collected suggests a hatchery release at the river headwaters to lower river survival of 20‐
25%, but trap efficiency was well below the requirement for accurate and precise estimates. 
 
The scientists involved in this study will replicate this experiment next year, and are confident of more 
success given the knowledge gained this year on optimal mesh size and trap location, as well as adequate 
sample sizes of marked Chinook. We will also carry out a concomitant freshwater PIT‐tagging study and 
both studies should provide complementary information on the mortality occurring in freshwater, as well 
as migration timing of both wild and hatchery Chinook.   
 
1.2 PIT-tagging studies and snorkel surveys 
1.2.1. Freshwater snorkel surveys‐ Early Life History and Critical Rearing Habitat Requirements of 
Cowichan River Chinook Salmon.  
Team: James D.C. Craig, J.C. (Craig) Wightman, BC Conservation Foundation).  
 
Using night‐time snorkel observations and sampling, BCCF studied distribution, abundance, migration 
timing and behavior of juvenile Chinook in the Cowichan River during the spring 2014 outmigration 
season. Surveying marked index sites 50 m in length in an upstream direction, teams counted Chinook 
juveniles weekly in “representative” upper and lower mainstem sites, a lower river side‐channel, and in 
intertidal channel habitats from early March to late June, generating fish observed/bank lineal metre data. 
Unadjusted densities peaked at over 25 observed fish/m. Observer efficiencies were estimated for each 
survey.  
 
Immediately following each snorkel survey, a “representative” sample of salmonids was captured using 
small nets or pole seines to allow confirmation of species mix and collection of fork length (mm), weight 
(g) and mark data (e.g., AFC, PIT tag). These data tracked fry growth over time and by river/habitat area.  
 
Lessons learned: 

 Results of snorkel surveys showed that “river‐reared” juveniles appeared to be significantly more 
numerous than “estuary‐reared” fry.   

 Though low numbers of estuary‐rearing migrants were observed, they were consistently using 
specific habitats in lower intertidal channels and the estuary.  These habitats may become even 



PSC Year-End Report (February-December 2014) Salish Sea Marine Survival Project 2014 

33 

more important in high fry recruitment years, as larger portions of the production may be 
displaced towards the estuary. 

 The majority of the fingerlings appear to be supported by mainstem edge habitat with suitable 
velocities (5‐30 cm/s) and complex cover.  

 Hatchery fish were documented using the same habitats as wild fish, though their larger size 
allowed them to hold in higher velocities, further away from the stream edge and most of their 
wild counterparts.   

 No significant predators for Chinook juveniles were specifically identified in their freshwater 
migration corridors. 

 
1.2.2 PIT tagging 
Team: Craig Wightman, Kevin Pellett, James Craig, Shawn Stenhouse, Jeramy Damborg, Jamieson Atkinson 
(all BCCF). 
 
This project demonstrated the successful application of PIT tags (12.0 x 2.12 mm) to Cowichan Chinook 
salmon and the operation of detection arrays to monitor the migration of these fish.  This is the first 
application of PIT tags for this purpose in BC. 
 
During 2014 this project made significant progress towards identifying the relative survival of juvenile 
Chinook throughout sequential stages in their early marine life.  The marine application of PIT tags is a 
new approach and the technique was shown to be feasible in both freshwater and saltwater, and tagging 
targets were met or exceeded within Cowichan Bay. By October 2014, over 7,000 PIT tags had been 
applied at 4 distinct stages (freshwater, beach seining, purse seining and micro‐trolling). Micro trolling 
(see description below) was pioneered in conjunction with Will Duguid (UVIC) as an investigation into 
capture efficiency for Chinook and Coho in August and September within the Gulf Islands area.  PIT tag 
detection arrays were installed in the counting fence and Skutz Falls fishways in order to test the operation 
of each site in anticipation of tagged adults returning in subsequent years.   
 
Lessons Learned: 

 This project has indicated that PIT tags (12.0 x 2.12 mm) can be used to study the growth and 
movement of juvenile Chinook > 60 mm.   The greatest limitation towards the collection of new 
and more valuable data will be the installation of detection arrays.  Flows during the early part of 
the migration (May) prevent installing full‐stream spanning antennas.  Also, the detection range 
surrounding larger antennas is relatively small compared to the depth of water.  Given that the 
technique appears to be feasible, it is recommended that a permanent main stem array be 
installed in 2015.  Although the cost is relatively high, the data collected will revolutionize our 
knowledge of juvenile Chinook behavior and survival.   
 

 Preliminary data indicate that differences between hatchery and wild Chinook survival are evident 
before they reach the marine environment.  Also, how each group interacts with the habitat also 
appears to differ with wild fish remaining near their release sites (post‐PIT tagging) for a longer 
period of time.  Future data from adult returns will be used to estimate total mortality and will 
act as a baseline to similar survival studies being conducted in the early marine environment.  This 
should shed light on what the mortality rate is during the transition between the lower river and 
near shore marine areas.   
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 Main‐stem river survival estimates in year two will identify losses between upriver tagging/release 
locations and the lower river array.   In particular, there is interest in evaluating the survival of 
hatchery releases from near Cowichan Lake to the lower river.  If a permanent array is installed in 
the summer of 2015 this information will be collected with high accuracy over the entire smolt 
migration window (spring 2016).  Data will be collected in 2015 with temporary arrays that have 
a lower efficiency (est. 20%) but should provide enough data to develop preliminary conclusions.  

 

 This has opened the door to confidently increasing tagging targets at each stage in 2015 and 
potentially expanding the scope to cover multiple species and stocks within the Strait. Uniquely 
coded PIT tags will allow survival estimates to be created for groups tagged at inshore and 
offshore portions of Cowichan Bay (May‐July) as well as the Gulf Islands (July‐September), or in 
other locations (eg. Big Qualicum River coho salmon).  This can then be contrasted with survival 
estimates of fish tagged in freshwater to determine mortality during the transition to the marine 
environment.  As adults have to return in order to complete results there will be a delay in the 
calculation of survival but few other techniques are available to study fish in this way.  

  

 If the early‐marine mortality rate on Pacific salmon is as high as thought, then our ability to create 
“tagged cohorts” of PIT tagged Chinook or Coho salmon provides a method to directly test the 
hypothesis that very early marine mortality determines the variation in marine survivals.  The use 
of PIT tags allow us to statistically test differences in survival rates between tagged cohorts.  
Survival rates of tagged cohorts should increase for cohorts tagged after relatively small 
differences in their duration at sea. 

 
1.3 Juvenile salmon surveys (beach seining, purse seining, trawl) & concurrent Oceanographic Sampling.  
 
1.3.1 Juvenile sampling studies 
Team: Marc Trudel (DFO-PBS), Chrys Neville (DFO-PBS), Oline Luinenberg (PSF), Carol Cooper (DFO-PBS), 
Svetlana Esenkulova (PSF), Dave Preikshot (Madrone Environmental), Lana Fitzpatrick (DFO-PBS), August 
Jones (PSF), Francis Juanes (Uvic)-otoliths, 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) 
 
The juvenile salmon studies during 2014 aimed to address the following: 
1. Is early marine survival affected by: 

1. Smolt‐size 
2. Ocean entry timing 
3. Growth 
4. Diet 
5. Harmful algal blooms 

 
2. To what extent fish and bird predation contribute to early marine mortality of juvenile salmon? (These 
results are addressed under “Top‐Down” program below.) 
 
3. To develop an inexpensive, flexible, high spatial or temporal resolution method to catch juvenile 
salmon. 
 
4. And to provide sampling support to other projects. 
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Methods for catching juvenile fish during 2014 included the following:  
1. Beach seines in Cowichan Bay and Gulf Islands (Apr‐Jun) 
2. Purse seining in Cowichan Bay and Gulf Islands (May‐Jul) 
3. Microtrolling in Cowichan Bay and Gulf Islands (Aug‐Oct) 
4. Trawl surveys. These took place on the: 

   a) Neocaligus (May, Jun, Jul, Sep).  Sampling locations included the Cowichan and Fraser River. 
b) Viking Storm (Jun). Sampling locations included the Cowichan, Gulf Islands, & Strait of Georgia 
c) WE Ricker (Jun, Sep). Sampling locations included the Cowichan, Gulf Islands, & Strait of Georgia 
 

 
Note that here we report primarily on results for 1‐3 above as these studies were directly part of SSMSP 
and were paid for by PSC. 
 
Data collected included the following: 

 For Juvenile Salmon: Count, Length (field), Weight (lab), DNA + presence/absence of CWT + PIT‐
tags, Stomach contents, Muscle sample, Otoliths + Scales, IGF‐1 (Ricker only), Tissue samples (for 
genomics work). 

 For Non‐salmon: Count, Length (field) 

 In addition, data were collected using CTDs, Bongo nets (zooplankton) and phytoplankton samples 
(for harmful algae). 
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1.3.1.1 Results from beach and purse seining 
Six biological purse seine trips (2 days each) and six biological beach seine trips were conducted between 
April and July 2014. These trips assessed condition and diet of hatchery and wild Chinook salmon over the 
study area. In addition to these biological sampling trips, additional sampling was conducted with both 
gears to capture fish for PIT tagging and molecular genetic studies.  These additional surveys augmented 
sample collections but were biased to areas likely to increase catch numbers. Trawl surveys using a small 
trawl were also conducted in May, June, July and September and large trawls in early and late June and 
September. These surveys provided confirmation of the distribution and catch levels of hatchery and wild 
Chinook salmon in the study area and provided biological samples for advanced analysis (otoliths, scales, 
guts, muscles, RNA tissues etc).  
 
Sampling of phytoplankton was conducted from the sampling vessels throughout the field season.  This 
information provided new information on blooms of phytoplankton including a Heterosigma bloom in 
June and may be valuable in determining factors regulating fish survival in this area (see “Top‐Down” 
section below). 
 
Catch information from the surveys indicated that the distribution patterns of the juveniles were similar 
to 2013 surveys with peak caches in mid‐June and within the inner Cowichan Bay region.  Beach and purse 
seine results provided information on residency within the estuary and bay, early marine growth and 
spatial and temporal patterns of distribution. 
 
The average size of fish increased over time and there was a significant difference in size between the fish 
captured in the large trawl net in early and late June and the purse seined fish.  Outside of the bay the 
trawl gear also captured Chinook salmon from the surface to 45m, below the depth fishable with the 
purse seine.   This information and the biased distribution of the fish to inside the bay in all sampling 
periods suggest that either smaller fish are not surviving to migrate out of the bay or the fish are moving 
out of the range of the purse seine gear (17m depth).  It is essential that the depth distribution of the 
juveniles within the bay is determined during 2015 (note that the large trawl cannot fish this region) and 
the effectiveness of the purse seine gear in order to effectively interpret results.   
 
All frozen chinook salmon have been processed in the lab and tissues preserved.  The advanced analysis 
on tissues collected have not been completed to date. 
 
The extension of fishing into July was sufficient to capture a decline in the number of fish, however, 
relatively large numbers remained in the inner bay at the termination of fishing. The fish community was 
also similar to 2013.  Chinook sample made up a very small proportion of the fish community. In 2013 
herring, stickleback and chum were 95% of catch and Chinook represented ~ 2% of catch in the purse 
seines. In 2014 Herring, Stickleback and chum still dominant and with squid represented 94% of catch.  
Chinook represented 2.5% of catch. The figures below show the fish communities caught by purse seine 
in Cowichan Bay during 2013 and 2014.  
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Figure 10. 2014 Purse seine catches in Cowichan Bay. 

 

 
Figure 11. 2013 Purse seine catches in Cowichan Bay. 
 

 
Figure 12. In 2014, herring, stickleback, chum and squid represented 94% of the total catch in pieces. 

 
Stomach contents were also analysed and compared by habitat (estuary versus bay) (Figure 13). In 
general, many similar species were eaten in both locations, but gammarids and mysids were more 
prevalent in the diet in the estuary while insects and crab zoea were more prevalent in the diet in the bay.  
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Figure 13. Diet of juvenile Chinook in Cowichan Estuary (E) and Bay (B) for 2010-2013. 

 
Diet was compared for marked (hatchery) and unmarked (primarily wild‐spawned) Chinook collected in 
Cowichan Bay during 2014 (Figures 14‐16). Diet analysis of purse seine captured fish identified crab 
megalops and zoea, insects and amphipods as the primary three diet items of juvenile Chinook salmon.  
There may be some variability between rearing types (ocean and stream) and by time. Many similarities 
are evident among wild and hatchery fish, but hatchery fish may be less selective than wild spawned fish. 
 
Diet analysis also identified a decrease in feeding levels during both Skelotoma and Pseudo-Nitzchia 
blooms in Cowichan Bay (See Top‐Down, Harmful Algal Program below).  If and what the consequence of 
these decreased feeding rates are to survival or condition of the fish are unknown, but will be further 
investigated during 2015. 
 
Diet analysis has not been completed for the beach seine fish for 2014. 
 

 
Figure 14. Diet of marked and unmarked juvenile Chinook (pooled) in Cowichan Bay in 2014. 
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Figure 15. Diet of unmarked juvenile Chinook (mostly 'wild' origin) during 2014 in Cowichan Bay. 
 

 
Figure 16. Diet of marked (hatchery) juvenile Chinook in 2014 in Cowichan Bay. 

 
Lessons Learned: 
Biological sampling in 2015 could be reduced from the level conducted in 2014 but the actual frequency 
has not been determined. Sampling in 2014 was deliberately more intensive than could be applied more 
broadly so we could assess how to design effective/informative near‐shore, early marine projects to 
measure mortality rates and causes. 
 
The work at Cowichan Bay demonstrates the need to have good information on the number and condition 
of juveniles entering the marine environment to be able to separate out freshwater and marine impacts.  
Future programs must consider estimation of downstream mortality rates in freshwater in order more 
accurately define early marine losses. 
 
The sampling design adopted in Cowichan Bay is sampling intensive and is successful because of the 
limited distribution of juvenile Chinook salmon from Cowichan Bay.  As the PSF expands the research to 
other areas of the SOG this intensive sampling by purse seining over time will need to be modified due to 
the variable early marine distribution of other stocks into the SOG early in their marine life. 
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1.3.1.2 Results from Microtrolling 
Team: Will Duguid and Francis Juanes (UVic). 
 
Will (UVic PhD student) assessed the feasibility of using a small vessel and modified recreational fishing 
gear (microtrolling) to non‐lethally capture juvenile Chinook and Coho salmon for tagging and biological 
sampling.   
 
The researchers: 

1. Captured 183 salmon (169 Chinook, 13 Coho, 1 Chum) in 557 timed fishing events 
2. PIT tagged 140 Chinook juveniles (fork length 115‐235 mm), only 7 Chinook (4%) had hooking 
injuries that contraindicated tagging 
3. Were able to keep overnight mortality and tag loss in netpen held fish very low (2.5% mortality 
and 2.5% tag loss). 
 

Catch per unit effort differed among areas, depth strata and tidal stages, suggesting that microtrolling has 
potential as an economical method to investigate fine spatial and temporal scale habitat use by juvenile 
Chinook and Coho salmon in their first summer at sea. Most Chinook were caught between 12 and 20 m 
depth (Figure 17). 
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Figure 17. Catch frequency from microtrolling of juvenile Chinook by depth 

 
Lessons Learned:  

 The 2014 feasibility study confirmed that microtrolling has potential as a method to capture 
juvenile Chinook salmon for tagging studies, and to study the early marine ecology of juvenile 
Chinook and Coho salmon at fine spatial and temporal resolution. BCCF have proposed to expand 
microtrolling efforts in future years as a method to economically apply PIT tags to Chinook salmon 
in the latter part of their first marine summer.  

 

 Duguid and Juanes will continue to support PIT tagging efforts in the Cowichan Bay area, while 
simultaneously assessing 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.” If fine spatial scale distribution and resource use by juvenile 
salmon in the Salish Sea are predictably linked to habitat variability driven by tidal mixing, it will 
be important to take this into account when investigating the potential role of bottom up and top 
down regulators of survival in the recent declines of some Salish Sea stocks.  

 

 Based on the results of the 2014 feasibility study, the scientists make the following 
recommendations regarding future microtrolling studies:  
1. The low incidence of serious hooking injuries and mortality during the study contrasts with 
anecdotal observations of frequent serious hooking injuries and mortality for juvenile salmon 
caught on conventional gear targeting adult salmon. This was likely due to the use of very small 
hooks (5 mm point to shank gap), and hooks of a similar size should be used in future microtrolling 
work;  
2. To maximize efficiency, microtrolling field crews should set themselves up to process and tag 
fish while gear is deployed. Total handling time for fish was generally close to 3 minutes, so it 
should be possible to process at least one fish during a 5 minute fishing event; and  
3. The gastric lavage procedure used in 2014 was not 100% effective, more collaboration with 
other SSMSP researchers is necessary to refine this technique and/or determine the magnitude 
of potential biases.  
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1.3.2. Oceanographic studies 
 
1.3.2.1 Oceanographic monitoring in the Strait of Georgia 
Team: Mike Dempsey, Eddy Carmack, Jane Eert, Svein Vagle, Sarah Zimmermann, Glenn Cooper, and 
Charles Hannah. IOS/DFO Sidney, BC 
 
Salish Sea oceanography has been monitored at several spatial and temporal scales. These include:  

• DFO sampling in the whole Salish Sea (by Peter Chandler, IOS) 
(Figure 18). 

• Seasonal sampling by Wicklow (Eddy Carmack – in Cowichan 
and Quadra regions) (Figure 19). 

• Weekly oceanographic sampling at 14 stations in Cowichan 
Bay from April to July by IOS as part of SSMSP. 

• 3 12‐month moorings in Cowichan Bay to capture temporal 
variability over scales shorter and longer than the sampling 
above. These moorings were set up during 2014 and assist in 
interpreting weekly detailed sampling from April to July.  

 
DFO sampling takes place 3‐4 times a year on the CCGS Vector (Figure 18). A total of over 60 stations are 
sampled for CTD, rosette, nutrients and zooplankton. This makes up DFO’s “backbone” oceanographic 
sampling and data collected were not part of the SSMSP program. 
 

 
Figure 18. DFO oceanographic sampling stations in the Strait of Georgia- the "backbone" stations. 

 
Seasonal sampling by Eddy Carmack on the vessel Wicklow occurred during 2013 and 2014 within the 
Strait of Georgia (transects north of Cowichan Bay and in the Quadra region).  These data were collected 
as part of SSMSP (Figure 19). 



PSC Year-End Report (February-December 2014) Salish Sea Marine Survival Project 2014 

43 

  
Figure 19. Wicklow stations in the Strait of Georgia. 

 
Finally, small boat sampling of oceanographic parameters (temperature, salinity, fluorescence, and 
dissolved oxygen as functions of depth were collected at 12‐14 stations on a weekly basis from mid‐April 
to the end of June in Cowichan Bay (Figure 20). At a subset of stations, water for nutrient analysis and 
zooplankton samples were collected. Three moorings with temperature, conductivity, pressure, and 
fluorescence sensors were deployed in Cowichan Bay and Satellite channel to tie together the weekly 
intense water column sampling. The figure below shows the locations of the Cowichan Bay sampling 
stations and the location of the three moorings. 
 
Detailed data are available from 2013 and 2014 for Cowichan Bay (results available on request). Data 
collected are CTD, dissolved oxygen, fluorescence, nutrients, and zooplankton from vertical net‐tows. 
Results to date have shown significant spatial and temporal variability in both water properties and 
fluorescence, even within Cowichan Bay itself. An analysis of these data together with the information 
from biological sampling will be the next step. 
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Figure 20. Cowichan Bay oceanographic sample stations and moorings. 

 
1.3.2.2 Zooplankton Analysis 
Team: Moira Galbraith, Kelly Young, Ian Perry (DFO/IOS). 
 
Zooplankton were sampled in Cowichan Bay, BC, concurrent with water property and oceanographic 
sampling, to: 

1) identify spatial and temporal patterns in plankton distributions in the bay, and  
2) to provide information on potential diet organisms for comparisons with the feeding of young 
salmon entering Cowichan Bay from the Cowichan River. 
 

Sampling was conducted weekly from late April to late June in both 2013 and 2014. Vertical net tows were 
used, from near bottom to surface. All samples have been analysed to taxonomic and stage composition 
where possible and the data entered into the DFO Pacific Region Zooplankton Database. In addition, the 
team participated in the analyses and preparation of a draft manuscript relating zooplankton data 
collected in 2013 with the gut contents of juvenile salmon also collected in Cowichan Bay in 2013 (C. 
Chittenden lead author).  
 
Lessons Learned: 

 Depth sensors on the nets are important 

 Nets need a flowmeter for accurate volume calculations 

 Better logs, station keeping, and recording are required 

 Hand hauling the net is difficult, some sort of mechanical system is needed  

 These lessons are applicable to the Citizen Science aspects of the Salish Sea Marine Survival 
Project, i.e. for use by (possibly) inexperienced marine plankton samplers. Comparability 
among the same boat at different times and among multiple boats at the same time is crucial 
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to the success of the Citizen Science program at describing the plankton environment of the 
Salish Sea.  
 

2. Citizen Science Program: Strait of Georgia 
Team: Oline Luinenberg (PSF), Ryan Flagg (ONC), Mike Dempsey, Svein Vagle, Jane Eert, Eddy Carmack, 
Linda White, Angelica Pena, Moira Galbraith (all DFO/IOS). 
 
Significant progress was made during 2014 on the Citizen Science Program. Participating boats were 
identified in the following locations: Campbell River, Baynes Sound, Nanaimo/Qualicum, Cowichan, Gulf 
Islands, Victoria, Sechelt, Powell River. We are currently in discussions with persons in Lund and Steveston. 
On‐boat raining has occurred on the former 8 vessels, and all participants have been provided with a 
training video. The kits have been completed for each vessel‐ this includes the CTD, secchi disk, Niskin 
bottles, spare parts, ropes, weights, log books, all the sample vials and bottles (labelled), a tool kit etc. 
Most boats have also been provided with a modified downrigger to control the rate of deployment and 
recovery of sampling gear.  
 
The sampling dates have been decided upon for 2015 (total of 18 dates) and the stations were finalized 
and charts produced (see Figure 21 as an example of coverage from the Steveston locations). Most boats 
will be sampling 9‐12 stations on each date, resulting in approximately 110 stations throughout the Strait 
of Georgia. All stations will require CTD sampling, but 30% of the stations will be priority stations where 
sampling will also be carried out for nutrients, phytoplankton and turbidity.  We will also be interacting 
with the Tula Foundation, who have begun a focused oceanographic study in the Discovery Islands, as well 
as assisting with their Johnstone Strait citizen science program.  
 
Oline Luinenberg was hired to manage the on‐boat training and the program, together with Ocean 
Networks Canada, who have been contracted for engineering support, production of the web app to allow 
for easy download of data from CTDs directly to ONC, Equipment Calibrations, and Data Management and 
QA/QC. The program begins collecting data on January 26 2015. 
 

 
Figure 21. Citizen Science Sampling Stations for Steveston Vessel 
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3. 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. 

Status (U. Washington, NOAA and LLTK report) 

Contracts were completed with U. Washington (Beauchamp) for two years of field work (2014‐2015), and 
a NOAA contract with prospective modifications created for the same time period. Furthermore, an 
annual agreement was established with Pacific Crest Seafoods for support.  

For the initial phase of the project we (U. Washington, NOAA, LLTK) completed logistical preparations for 
the field sampling season, progressed with coordination of data and sample collection, and developed 
detailed protocols for recording, transfer, and processing in conjunction with our key collaborators that 
sampled juvenile salmon in the hatcheries (pre‐release), smolt traps, estuarine delta, and nearshore 
marine habitats. Sample collections began as early as February and continued through October for given 
life stages in specific watersheds (Table 1).   

To collect samples at the various life stages we used several different sampling methods including purse 
seines, beach seines, fyke traps, and smolt traps. All sampling methods have been effective and have 
successfully maintained low handling mortality of ESA‐listed species, well within the allowable take 
permitted by the NOAA Section 10 permits for Puget Sound Chinook Salmon and Steelhead.  This is a 
credit to the knowledgeable and cooperative nature of our many collaborators including the chartered 
purse seining skipper and crew (F/V Franciscan I, Paul Brajcich, skipper). 

We successfully completed the scheduled purse seining cruises in early May, early& late June, early & late 
July, and early August to sample offshore habitats associated with all four watersheds (Nisqually, 
Snohomish, Skagit, and Nooksack plus San Juan Islands).  In addition, supplementary purse seine sampling 
was conducted to monitor health and condition of steelhead smolts in Hood Canal (early May) and in the 
vicinity of the Duwamish River estuary (May and June).  The Canadian purse seiner, Franciscan No. 1 and 
crew from Pacific Crest Seafoods has been chartered to complete this work. Captain Paul Brajcich also 
custom made our seine net (and he constructed the nets currently used in Cowichan Bay). While initially 
a lift to charter a foreign vessel, the working relationship between vessel and science crew has been 
fantastic. All sampling objectives were made in 2014. 

We conducted 105 purse seine sets between early May and early August in the area between Bellingham 
Bay and South Puget Sound (see maps, below). These included 9 sets in the offshore environment 
associated with the Nooksack watershed, 20 sets among the San Juan Islands, 25 sets associated with the 
Skagit watershed, 19 associated with the Snohomish watershed, 7 associated with the Duwamish 
watershed, 3 sets in Hood Canal, and 22 sets associated with the Nisqually watershed.   

In addition to the salmon caught in the offshore environment, we are also collecting samples (primarily 
whole bodies and/or scales) and associated data from fish sampled prior to hatchery release and in 
freshwater, estuarine, and nearshore environments associated with the Nooksack, Skagit, Snohomish, and 
Nisqually watersheds. Freshwater and nearshore/estuary sampling achieved bi‐weekly sample size goals 
(enough to determine growth rates, diet, etc.) beginning in March and tapering off when the fish are out 
of the system.  Sample objectives were slightly tailored for each system based upon the capacity of those 
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involved; however, ensuring that all work still met the needs of the study. Nearly all of these samples that 
are bound for UW have been received.   

A grand total of 6801 Chinook were encountered this season and were collected or processed live and 
released (including 1152 processed on board the purse seiner Franciscan I and 453 offshore Chinook 
processed in the lab). A total of 5088 individual Chinook salmon were sampled for one or more of the 
following sample types: scales, fin tissue, stomach contents, and blood (Table 2). In addition we used the 
sampling platform to collect and archive a comparable number of coho salmon as well as representative 
samples of forage fish species and abundant conspecifics. To collect samples at the various life stages we 
used several different sampling methods including purse seines, beach seines, fyke traps, and smolt traps. 
We are currently prioritizing scale analysis of Chinook from the Nisqually and other watersheds based on 
CPUE data for each life stage such that we focus on the peak use periods in our analyses.  

Lab processing and analysis of scales and diet composition for Chinook was initiated and has achieved the 
desired routine production level using a core group of trained lab and field scientists and technicians. 
Additional coordination was necessary to develop a streamlined sequence for proceeding from the initial 
lab dissections of thawed specimens (FL, wt, scales, fin clips, diet at UW) to extraction of otoliths (USGS) 
and coded wire tags (CWT). Some of the otolith and CWT extraction and CWT reading was shifted to the 
UW dissection sessions in order to streamline processing and minimize deterioration of samples from 
repeated thawing and handling. Initial processing efforts focused on scale samples from the Nisqually 
watershed and stomach contents for fish from the Nooksack watershed. Selected tissue and plasma 
samples from the Skagit, Nooksack, and San Juan Island regions have been transferred to labs at 
Washington Department of Fish and Wildlife and NOAA/NWFSC, respectively, for processing. Sample 
processing is continuing for the remaining watersheds as peak periods are identified for specific life stages. 
Peak migration periods have currently been identified for all watersheds/life‐stages except for the Skagit 
and Nooksack freshwater stage. Initial results are currently being synthesized by the project team for 
presentation at the US/Canada retreat in early December 2014. 

Constraints ‐ Funding restrictions and competition for vessel time with the Fraser sockeye fishery has 
limited August sampling to one event early in the month.  Other months initially targeted for purse seining 
(to establish the beginning and end of the outmigration period) were April, September and October. 
However, funding limitations prevented their inclusion.  

Furthermore, this work was planning to align with Puget Sound fish sampling via the WE Ricker Cruise that 
regularly takes place in July and September. Unfortunately, no July Ricker sampling occurred, and due to 
vessel equipment failures, the September cruise was pushed back to November. Given that we were able 
to sample twice in the month of July from the purse seine, we weren’t too concerned about missing this 
period. However, the September cruise was a loss. We will be working to develop a backup plan in case 
the Ricker cannot make it into Puget Sound in 2015, with the focus on coverage through August and early 
September.   
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Table 1. 2014 Sampling plan and effort distribution by watershed and life stage. 

 Freshwater Estuary Nearshore Offshore 

Watershed 
# 

sites 
freq season # sites freq season # sites freq season # sites freq season 

San Juan 
Islands 

      9 bi‐weekly May‐Sep 2‐5 6 tot May‐Aug 

Nooksack 1 weekly  10 bi‐weekly Mar‐Oct 13 bi‐weekly Mar‐Oct 2‐3 6 tot May‐Aug 

Skagit 1 weekly Feb‐Aug 8 bi‐weekly Mar‐Oct 22 bi‐weekly Mar‐Oct 5‐6 6 tot May‐Aug 

Snohomish 2 weekly Feb‐Jun 36 bi‐weekly Feb‐Oct 10 bi‐weekly Feb‐Oct 4‐6 6 tot May‐Aug 

Nisqually 1 weekly Feb‐Sep ~10 bi‐weekly Feb‐Sep ~25 bi‐weekly Feb‐Sep 3‐4 6 tot May‐Aug 

 
 
Table 2. 2014 Chinook salmon sample inventory by watershed and life stage. The final numbers are 
subject to change as QA/QC and lab analyses are completed. 

 Life Stage    

Watershed              
Target sample 

sizes 

Freshwater       
210 (inc) 

Estuary          720 
(120) 

Nearshore   
720 (120) 

Offshore         
900 (400) 

Total % UM 

San Juan 
Islands 

n/a n/a 193 (168) 39 (38) 232 (206) 49% 

Nooksack 57* (0) 67 (67) 220 (220) 174 (169) 518 (456) 53% 

Skagit 434 (140) 430 (276) 345 (261) 502 (330) 1711 (1007) 69% 

Snohomish 428 (25) 567 (390) 72 (39) 209 (70) 1276 (524) 53% 

Nisqually 427 (307) 110 (110) 234 (234) 580 (371) 1351 (1022) 37% 
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Figure 22. Maps of the purse seining set locations by cruise. Cruise 1: May 6-13; cruise 2: June 2-8; cruise 3: June 16-19; cruise 
4: July 7-10; cruise 5: July 21-25; cruise 6: August 4-7. Numbers represent the unique purse seine set numbers. 
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4. 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, and other U. of Washington affiliates.  

Status (report from U. Washington 
and LLTK) 

Contracts were completed with U. 
Washington for two field seasons of 
work (2014‐2015), and annual 
contracts were established for those 
sample collectors in need of support 
(Kwiaht and Tulalip Tribes). Since the 
inception of the project, we (U. 
Washington and LLTK) ordered, 
assembled, and distributed the 
necessary gear and supplies for all 
participating zooplankton sampling 
groups, trained all of the groups on 
the field methods, trained two new 
laboratory taxonomists, and made 
significant progress on the 
zooplankton sample processing.  

To train the sampling groups, Keister 
led a training day hosted on King 
County’s research vessel that 
members of the Nisqually, Kwiaht, 
Squaxin, Lummi, and King County 
groups participated in prior to the 
start of sampling (all but NOAA, the 
Tulalip Tribe, and Port Gamble 
S’Klallam Tribe). Lab technician 
Amanda Winans participated in 
sampling trips with all of the groups 
to provide field training, quality 
control, and to replenish supplies. 
Comparisons and discrepancies 
amongst groups were recorded and 
recommended adjustments were 
communicated to each group to 
improve the consistency of their 
sampling and adherence to 
protocols.  

A protocol for the zooplankton 
taxonomic analysis was written with 
input from partners at Oregon State 

Figure 23. The twelve zooplankton monitoring locations representative of the 
PSNERP geographical basins and geographic range of key salmon and 
steelhead-producing systems within Puget Sound, Washington. Blue dots = 
monitoring sampling sites. Purple dots = supplementary sties for critical growth 
study. Red dot = JEMS site. 
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University and processing began. In 2014, 293 bongo net samples and 121 vertical net samples have been 
collected by the sampling groups. Of those, by November, 276 bongo and 106 vertical net samples have 
been delivered to the lab; 219 and 36 have been processed; 24 bongo and 12 vertical net samples that 
were collected are low priority for processing because of collection issues noted below.  

The zooplankton sampling began slowly and a bit fragmented. The time required to purchase equipment 
and train the groups resulted in sampling beginning in earnest in April vs. March. Also, weather conditions 
and vessel issues delayed certain groups. By June, the program was fully operational. The one exception 
was Bellingham Bay, where Lummi Nation was unsuccessful at initiating their effort.  In response to 
concern about the sampling abilities and training of the participating field groups, substantial oversight of 
the field sampling groups was added to the project to assess and improve sampling consistency among 
groups, particularly for the oblique bongo sampling. Additional equipment (depth sensors) were supplied 
to the samplers to measure sampling performance and each group was joined by an experienced sampler 
for a day in the field (sensor cost covered under U. Washington contract and not as supplies/equipment 
expense to LLTK in budget section, below). The additional equipment costs and time commitment to 
conduct the oversight were not anticipated, but have shown to be crucially important to the success of 
the program. 

The main change to the study design was dictated by the sampling of the participating field groups. Several 
groups started sampling later than planned, one group (the Lummi Tribe) did not sample this year at all, 
and several had sampling issues that resulted in missed or low‐quality samples. This resulted in fewer 
samples to analyze than anticipated which helped cover the costs of the additional oversight and 
organization. 

The first year of the zooplankton sampling was assessed in October of 2015. The samplers convened to 
discuss the strengths and weaknesses of the effort, and the sample analysis team then incorporated this 
information into their own assessment of sample quality. The sample analysis team found that the vertical 
tows used to characterize the ecosystem were highly successful; however the oblique tows used to 
characterize the prey fields were spottier, with more limited success in North Puget Sound. The main 
reason for limited success was boat capacity: the boats were too small or did not have the appropriate 
winch to pull the net in at the appropriate speed. To address this for 2015, LLTK and U. Washington staff 
are working to identify another vessel to assist with these tows, and the Tulalip Tribes have found another 
one of their own vessels that is more capable of completing the work. 

The difference in the number and timing of samples collected by each group in 2014 may prohibit direct 
comparison of metrics of the prey such as seasonal timing of peak prey availability among regions, and 
will limit the interpretation of spatial patterns of prey in relation to salmon survival, but will still allow 
comparison of species composition and abundance during the majority of the planned field season. To 
adapt to the sampling inconsistencies, analyses will probably be focused on regions that had consistent 
high quality sampling with secondary analyses performed on data from other regions. Per the approach 
described above, these issues should be addressed for 2015. 
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5. Physical characteristics and phytoplankton production: Upgrading and utilizing the ORCAS 
buoy network and NANOOS  
Principal Investigator: Jan Newton (U. of Washington), John Mickett (U. of Washington)  

Status (report from U. Washington) 

A contract for sensor installation and data support for two years (2014‐2015) was completed for this work. 
Unfortunately, funds were not available in time to have the new equipment installed for the 2014 salmon 
outmigration window. The contract for this work was finalized in May. Significant lead time was needed 
for the equipment order to be processed.  The new sensors have been installed at the Carr Inlet and Pt. 
Wells locations; however, the Hansville site could not be accessed yet due to weather issues. The final 
installation should occur by the end of January 2015 (see figure above for locations).  

The upgrade includes the addition of research‐quality real‐time meteorological sensors, including the Gill 
MetPak base station (temperature, relative humidity, barometric pressure), the RM Young Marine Sonic 
Anemometer and compass (wind speed and direction) and the LiCor PAR sensor (shortwave radiation).   
Integration with the existing buoy controller (computer) and infrastructure included the fabrication of 
mounting hardware and power/data cables, wiring power connections within the buoy controller, and 
writing/testing drivers to poll and log the data from the sensors.  Data flow for hourly updates on NVS 
(http://nvs.nanoos.org/) and the framework to link these data with the National Data Buoy Center data 
server have been established.   

Data are available both on NVS and from our ORCA Buoy data server (orca.ocean.washington.edu). 

 
C2. Top-Down Studies  
 
1. Disease & Health: Cowichan Bay 
Team: Kristi Miller-Saunders (DFO-PBS), David Patterson (DFO) Karia Kaukinen (DFO-PBS), Amy Tabata 
(DFO-PBS), Jayme Hills (DFO).  

 
During 2014, more than 8500 salmon juveniles were collected from existing freshwater, estuarine and 
marine sampling platforms in the Strait of Georgia.  
 
Cowichan Chinook were collected from the Cowichan River and hatchery and frozen whole at various 
dates during April and May 2013.  In the marine environment, Chinook and Coho juveniles were collected 
by genetics technicians in Cowichan Bay on seven days between April 30 and June 25. These samples were 
collected during the beach‐seining and purse seining activities described above. All fish sampled were 
checked for both a coded wire tag and adipose fin and the presence/absence of both were recorded. A 
small piece of the caudal fin was put into ethanol for later DNA analysis.   
 
Smolt samples collected were either dissected in the field or frozen for future processing.  Fish not 
dissected in the field were placed whole on dry ice and later stored in an ultra‐cold freezer at ‐80oC. Tissue 
samples from field‐dissected samples were preserved for both molecular and histological analyses. Blood 
samples were taken by caudal vein puncture, centrifuged for 5 minutes to separate plasma and red blood 
cell layers then immediately frozen on dry ice.  Fish weights and fork lengths were recorded. Muscle, gill, 
spleen, liver, heart, head kidney, and brain tissue were collected aseptically and subsamples were 
preserved separately in both RNAlater for molecular analysis and cassettes submerged in 10% neutral 
buffered formalin for histological analysis. Collected brain samples were placed whole in either RNAlater 
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or formalin and alternated by sample number.  Stomachs were extracted from smolt samples and 
preserved in 95% ethanol for future content analysis by Chrys Neville’s group. Finally, otoliths were 
collected from each sample for later analysis and a separate muscle sample was kept frozen for use by 
Marc Trudel’s group.  
 
An initial survey of microbe (bacteria, viruses and parasites) presence in tissues of juvenile Chinook in the 
freshwater and marine environments in the area of Cowichan Bay was conducted. The Molecular Genetics 
lab (MGL) is using novel technology to allow for the high‐throughput quantitative PCR (qPCR) screening 
of multiple samples for a large number of microbes of interest. The Fluidigm BiomarkTM, a high‐throughput 
nanofluidic system, was used to conduct a preliminary screening of juvenile Chinook salmon sampled from 
the Cowichan Bay system.   
 
Chinook salmon (n=73) were dissected in the field, or frozen whole and dissected in the lab.  Specimens 
were taken from both freshwater and saltwater and hatchery and wild origins, and spanned a 7 week time 
frame.  Forty‐eight TaqmanTM qPCR assays, designed to detect the presence and concentration of 47 
microbes of interest that are known or suspected to have an impact on fish condition,  were performed 
using the Fluidigm Biomark platform. 
 
Overall, there was a significant increase in both the microbe diversity and the microbe maximum load 
over time and space.  Microbe load or concentration increased over time and with environment change. 
One bacteria and four parasites of interest were detected, namely Ca. Branchiomonas cysticola, 
Ichthyophthirius multifiliis, Myxobolus arcticus, Parvicapsula kabatai and Paranucleospora theridion syn. 
Desmozoon lepeophtherii.  Only Ca. Branchiomonas cysticola and Ichthyophthirius multifiliis were 
detected in the freshwater fish and the prevalence of was a relatively low <15% of fish assayed. In 
saltwater, all five microbes were detected and occurred at a prevalence ranging from 25 to 65% of the 
fish assayed. Wild fish were more likely to have a higher incidence of these 5 microbes than hatchery 
samples.  Four of the microbes all increased in prevalence over the study time frame, with the exception 
of P. kabatai, which showed which showed a reduced prevalence from week 3 to week 8.   This reduction 
in load distribution could be an indicator of mortality.  A previous study (Miller et al, 2014, Evolutionary 
Applications) indicated that Parvicapsula sp infection is associated with an increased risk of predation.  
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2. Harmful Algae in Cowichan Bay 
Team: Svetlana Esenkulova (PSF) 
 
From the beginning of May to mid‐July 2014, a team of technicians from PSF and Fisheries and Oceans 
Canada (DFO) collected fish samples using both beach seines (as described above under the Bottom Up 
sampling‐ juvenile salmon sampling studies).  At the same time, corresponding surface water samples 
were collected at each set location for phytoplankton analysis. A typical week included one to two days 
of beach seining activity in which 10 sets were made at shore locations with a 17‐foot open boat and two 
days of purse seining activity in which 10‐12 sets were made in open water with a 65‐foot commercial 
seining vessel. After collection, water samples were preserved with Lugol’s Iodine solution; subsequent 
phytoplankton analysis was performed on a Sedgewick Rafter slide and dominant and harmful algae 
species were identified and enumerated under a light microscope. 
 
During the late spring to mid‐summer period, three high phytoplankton biomass events or blooms were 
observed. The first and third bloom were caused by Pseudo-nitzschia spp. (May 20, 21) and Skeletonema 
costatum (July 8, 9). During these blooms, the water was brown but the captured fish did not appear to 
be affected by the blooms. The second bloom was recorded during the first week of June and was caused 
by Heterosigma akashiwo (Figure 24 & 25). By June 16, there were exceedingly high concentrations of 
Heterosigma cells in the water (Figure 26). 
 
During June the crews observed unusual behavior in the salmon that were captured in the net. In general, 
fish appeared to move slower; salmon species (Chum, Chinook, Coho, Sockeye) appeared to be lethargic 
(i.e. inactive and disoriented). They also observed differences in behaviour between salmon species ‐ while 
Chum salmon were also slowed in their responses, the lethargy was very pronounced among Chinook 
salmon in the net. Chinook salmon did not exhibit any avoidance response when approached with a 
dipnet; several of them rolled over after approximately a half hour of sampling even without being 
handled.  
 
Additionally, on those two days of seining, the crew were collaborating with the BCCF crew carrying out 
their Passive Integrated Transponder (PIT) tagging pilot project in which all captured Chinook Salmon were 
lightly sedated, PIT‐tagged and carefully released upon full revival. The team’s historical mortality rate 
associated with tagging was been about 1%; on this day the mortality rate rose dramatically to 25%. Some 
of these post‐tagging morts were retained and frozen on dry ice for further laboratory genetics and 
genomic analyses. Results of these analyses may be beneficial in assessing whether the evident 
lethargic/stressed fish behavior of young salmon in mid‐July was caused by Heterosigma bloom or by 
other yet undetermined factors. 
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Figure 24. Harmful algal bloom in Cowichan Bay June 2014 

  
 
 
Finally, lab analyses showed that there appeared to be an increase in the prevalence of empty stomachs 
of juvenile Chinook during algal blooms, even during the first two blooms that are generally not 
considered “harmful” (Figure 27). The reasons for this are not clear but will be further investigated during 
2015. A report on the 2014 Harmful Algae program (currently in press) is available if requested. 

 
 black cross=0 Heterosigma  
blue circle 1 - 10 cell/mL 
yellow circle 10 -100 cell/mL  
orange 100 - 1000 cell/mL 
red 1,000-10,000 cell/mL 
white  >10,000 cell/mL  
  
 

Figure 25. Heterosigma akashiwo cells from the bloom in 
Cowichan Bay, June 2014. 

Figure 26. Heterosigma counts in Cowichan Bay on June 16 2014. 
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Figure 27. Higher proportion of empty stomachs in Cowichan Bay during Pseudo-nitzschia and Skeletonema coastatum bloom. 

 
 
3. Bird Predation in Cowichan Bay 
Team: Joy Wade (contractor, Fundy Aquatic Services Inc.), C. Hartwig, R. Demarchi, E. Marshall, J. Saysell, 
S. Chalmers, T. Douglas and R. James 
 
The goal of this survey was to collect preliminary data on the bird community in the Cowichan River system 
to eventually be incorporated with data collected by other groups funded by the PSF Program to shed 
light into the sources of early marine mortality of Cowichan River salmon. Enumeration and abundance 
surveys of Cowichan Bay estuary and one reach of the Cowichan River were undertaken between the end 
of April 2014 and the end of June 2014. These results allowed for the determination of abundances of 
piscivorous birds present during this time period.  
 
Some additional work was performed in order to be able to provide advice on design for future bird 
surveys in the estuary. Opportunistic scat collection was also undertaken in the Cowichan Bay estuary for 
diet analysis. 
 
Five observation areas were delineated in Cowichan Bay in order to ensure as much coverage of the area 
as possible (Figure 28). Two of these five areas are the same as those used in the Bird Studies Canada, 
Coastal Waterbird Survey. 
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Figure 28. Bird Observation areas in Cowichan River, Estuary and Bay 2014. 

 
Lessons learned: 
 

 A total of 31 different species were recorded in Cowichan Bay estuary. Most of these were not 
piscivorous.  

 However, piscivorous birds are present in Cowichan river and estuary during the time of salmon 
outmigration. Great Blue Heron, Common Merganser and gull (sp.) were the most numerous 
piscivorous species counted.   

 The extent of their predation cannot be determined with the current data. 

 Data were sufficient to allow recommendations regarding future observation strategies and 
methodologies in both the Cowichan River and Cowichan Bay estuary for predation studies.  

 A number of bird scats are being analyzed currently and may provide information on diets of 
piscivorous birds. 
 
 

4. Seal Predation in Cowichan Bay 
 

4.1  Impacts of seals on Pacific salmon in Cowichan Bay during spring, summer and fall 2014 
Team: Ben Nelson and Andrew Trites (UBC) 
 
270 harbour seal scats were collected for diet analysis from the log booms in Cowichan Bay during the 
spring smolt out‐migration and the late‐summer/fall adult return (April – November 2014). The scats 
collected during the 24 field trips provide information about seasonal diets of harbour seals, and 
contribute to assessing the impacts of harbour seal predation on Chinook and coho salmon in the Salish 
Sea.  
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In addition to collecting dietary data, they visually surveyed foraging behaviors and spatial distributions 
of pinnipeds throughout the study area during each sampling trip.  Finally, they flew one aerial survey to 
estimate harbour seal abundance on May 21, 2014.  
 
The researchers anticipated collecting between 200 and 400 harbour seal scats from Cowichan Bay during 
2014, based on previous studies in the area. The final sampling trips were in December‐ and final numbers 
of scat samples have not yet been reported, but are likely around 300 for 2014.  Analysis of these samples 
will occur in early 2015, and results should be available by spring 2015. Determining prey species and 
proportions present in the scats will be done using the procedures developed by Austen Thomas. Due to 
the costs of DNA processing, it is most cost effective for them to run this analysis once all the samples 
have been collected. 
 
This study continues on from the work done by Austen Thomas during 2012 and 2013. Hard part analysis 
and genomics methods have allowed for estimates of consumption rates of juvenile and adult Pacific 
salmon in the Cowichan area. 2012 estimates suggested that 83,790 juvenile Chinook (range 63,480‐
109,500), and 600 adult Chinook (range 534‐671) may have been consumed. To put these numbers into 
perspective, this number of juvenile would be about 8‐14% of the juveniles released from Cowichan 
Hatchery during 2012, while this number of adults would be about 20‐25% of the escapement to Cowichan 
that year. Similarly, in 2013, 119,100 juveniles (range between 60,210‐207,500) and 288 adults (range 
143‐407) may have been consumed. The former would be about 25‐87% of the 2013 hatchery releases, 
whereas the number of adults would be only about 3‐9% of the escapement to Cowichan during 2013. If 
these seals are feeding primarily on Cowichan chinook, it is possible that significant proportions of the 
juveniles exiting the system, and the adults returning, are being intercepted by seals. Understanding 
where seals feed will be studied further during 2015 when another student at UBC will use daily diary tags 
to assess seal foraging behavior (using GPS to track a seal’s movements). 
 
Lessons Learned:  
The most useful lessons from this project will likely become clear once analysis of the scat samples occurs 
in 2015. Other findings: 

 Scats from the log booms in Cowichan Bay are much less abundant in the spring months (April‐
July) compared to the fall.  

 Numbers of scats available during a sampling event appear to be independent of time of day, tidal 
phase, and number of animals hauled out.  

 Observations of pinnipeds consuming adult salmon on the surface are rare and, thus, probably 
limit meaningful quantitative estimates of consumption through visual surveys.  
 

4.2 Detection of harbour seal predation rates on salmon smolts in the Strait of Georgia using novel head‐
mounted RFID satellite tags – Phase 1 feasibility testing 
Team: Austen Thomas, Brian Battaile, Andrew Trites. 
 
The RFID reader is a head‐mounted PIT tag scanner for seals and sea lions that was developed by UBC and 
Wildlife Computers to quantify seal consumption rates of juvenile salmonids (Figure 18). Phase 1 
development of the RFID reader was supported by the Pacific Salmon Foundation and involved a feeding 
study of captive seals at the Vancouver Aquarium. From that study, it was found that the RFID reader can 
detect predation on salmon smolts that carry a 23mm PIT tag (e.g. coho, steelhead, stream‐type Chinook).  
 
The RFID reader performed well with the 23mm PIT tags in both live and dead fish, detecting 100% of 
ingested tags at the full sampling rate. The average swallowing time for the 23mm tags in live coho was 
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1.6 seconds. Based on this, the RFID reader battery would last for approximately two weeks if deployed 
on a wild seal with a reduced sampling rate (to prolong battery life), and 94% of the PIT tags ingested by 
the seal would be detected. However, only 60% of the smaller 12mm PIT tags in dead herring were 
detected by the RFID reader at the full sampling rate. The average swallowing time of these smaller PIT 
tags indicates the RFID reader battery life would be less than 1 day if used with 12mm PITs. This is because 
the high RFID sampling rate necessary to detect the 12mm PITs would quickly drain the battery. An 
alternative RFID sampling strategy is needed for the RFID reader to detect 12mm PITs during a field 
deployment.  
 

 
Figure 29. The “swallowing time” is the length of time that a PIT tagged salmon smolt is in the detection field of the RFID during 
a predation event. The swallowing time determines how long the RFID reader needs to be powered, which impacts how long 
batteries will last during a field deployment. 

 
Additional Phase 2 testing is underway to further optimize the battery life of the RFID reader and 
potentially enable detection of smaller 12mm PIT tags. The purpose of the Phase 2 RFID reader testing is 
two‐fold: 1) To test the RFID reader on a wild seal in a captive setting to confirm the appropriate RFID 
sampling rate for wild seals, 2) To evaluate the feasibility of using an accelerometer switch in the RFID 
reader that could enable us to quantify predation on ocean‐type Chinook.  
 
A partner proposal to this work has been submitted by UBC for the 2015 funding cycle. This is Phase 3 of 
this project, and will involve the field deployment of 20 RFID tag receivers on wild harbour seals in the 
Strait of Georgia. This project is titled “Mapping and quantifying juvenile salmon predation by harbour 
seals using seal‐mounted PIT tag scanners (RFID tag) and GPS/accelerometers coordinated with the 
release of PIT tagged coho smolts”. 

 
5. Fish Predators in Cowichan Bay 
Team: Dick Beamish (DFO-PBS, retired), Joy Wade (contractor), Dave Preikshot (Madrone Environmental), 
Lana Fitzpatrick (DFO-PBS), Strahan Tucker (DFO-PBS) 
 
Daytime beach seine, purse seine and trawl surveys did not identify large abundances of fish predators in 
Cowichan Bay in earlier studies.  Therefore, three nights of purse seining, three nights of trawling and 13 
nights of gillnetting were conducted to identify potential predators in Cowichan Bay. Locations are shown 
in Figure 30 below.  These were conducted over 13 nights between April 26 and June 19 using 



PSC Year-End Report (February-December 2014) Salish Sea Marine Survival Project 2014 

60 

experimental gillnets. 6 different mesh sizes were utilized, each in 50 foot panels.  These 8 fathom deep 
nets were set on bottom and floating on the surface.  Sets started about 7 pm to 8 pm and were left for 2 
hours.  All fish were identified, measured and any fish stomach contents identified.  In addition they fished 
a 1200 foot (365.7 m) long, 34 foot (10.4 m), deep commercial Pacific salmon gillnet with 4 4/5 in (12.2 
cm) on the surface. 
 

 
Figure 30. Location of nightime trawls (green lines) and gillnet sets (pink dots) in Cowichan Bay during 2014. 

 
Gillnets were set with minimal difficulty and most likely fished effectively in the areas where they were 
set.  Very few fish were caught in Cowichan Bay.  However, squid were caught in high abundance and their 
diet needs to be assessed as they may have potential to prey on juvenile Chinook. 
 
Fish were captured in areas outside Cowichan Bay, (including dogfish, greenling, copper rockfish, staghorn 
sculpin, steelhead, cutthroat trout), suggesting that predators would be captured in the gear if present 
and thus that predation by fish not a major factor in Cowichan Bay.  The fish that were captured were in 
the nets set on the bottom.  All floating nets, including the large‐mesh commercial net, caught no fish in 
the Cowichan estuary and only a few in the “control” areas.  Stomach contents of predators caught outside 
of the Cowichan estuary that contained fish remains were mostly young‐of‐the‐year walleye pollock and 
Pacific herring. 
 
Methods of purging predator stomachs were tested using predators collected in daytime trawl surveys in 
the Strait of Georgia.  The published techniques of lavage worked effectively on dogfish between 70 and 
105cm with little to no remains in gut post lavage.  
 
Lessons learned: 

 Gillnets are able to catch predatory fish. However, there did not appear to be any predatory fish 
in Cowichan Bay, despite high abundances of juvenile salmon. 

 Small boat trawls are difficult to conduct in Cowichan Bay due to large numbers of commercial 
crab traps in the area. 
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6. Contaminants in Puget Sound 
Principal Investigator: Sandie O’Neil (WDFW) 

Status 
The research activity description was updated in this document and the research plan to better describe 
the work. Delays (on the WDFW side) in establishing the contract with WDFW have postponed completion 
of this work. The work will be completed in early 2015.  

 
 

C3. Trend Analyses and Modeling 

1. Puget Sound - JEMS zooplankton time series relative to physical controls and salmon survival 
(contributes to ecosystem indicators development) 

Investigators: Dr. Julie Keister (U. Washington), Dr. Correigh Greene (NOAA) 

Status (report from U. Washington) 
In support of the JEMS time series, the lab has processed 15 JEMS vertical net samples. Samples are on 
track to be completely processed by early 2015, and analysis and reporting will occur by the end of 2015. 

2. Puget Sound/Skagit River Life cycle modeling 

Principal Investigator: Correigh Greene (NOAA) 

Status (report from NOAA) 
 
Development of conceptual models ‐ We (NOAA) started the effort by revisiting conceptual models of 
Chinook and coho salmon life cycles, how habitat capacity elements would affect life history variation, 
and how these patterns should in turn influence marine survival. The model for Chinook salmon (Figure 
22) integrates a number of factors included in previous models (Greene and Beechie 2004), as well as new 
elements including rearing in nonnatal estuaries and small streams (Beamer et al. 2013) and Puget Sound 
resident blackmouth life histories (Chamberlin and Quinn 2014).  We would expect different life history 
types to vary in survival in size‐specific manners when they enter the nearshore. In addition, we expect 
the model structure to distinguish summer /fall and spring stocks, the two main harvest management 
groups. 

Coho salmon exhibit similar life history variation as Chinook salmon (Figure 23) with lower variation in 
adult age classes, and longer residence patterns in freshwater. The major factors distinguishing coho 
juvenile life history types from Chinook are likely to be habitat use differences, reflected by stronger 
dependencies on freshwater habitats for coho. Recent research has identified types that rear in the 
estuary (Miller and Sadro 2003) and move upriver after estuary residence (Koski 2009), as well as fish that 
use non‐natal systems (Beamer et al. 2012). Only one harvest management unit exists in the Skagit for 
coho salmon.  
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Figure 31. Conceptual model for Chinook salmon. Dominant life history type is denoted with bold arrows.  

 

Figure 32. Conceptual model for coho salmon.  The dominant life history is denoted with bold arrows.  

 

Turning conceptual models into life cycle models ‐ We have discussed several developments that would 
allow us to turn these conceptual models into real life cycle models. A simple variant would be a limiting 
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factors model (e.g., Beechie et al. 1994) based on parameterization of survival and capacities at high and 
low return years to illustrate limiting factors to production potential in a non‐dynamic way. This type of 
model is readily transferable to other systems, provided data on capacity exist for other systems. A more 
complex variant would be a linked stock‐recruit model such as Shiraz (Scheuerell et al. 2006), which 
examines transitions via stock‐recruit relationships at various life stages, and allows for dynamic changes 
in abundance and integration of life‐stage specific variation over time. SHIRAZ is parameterized based on 
specific reaches, and we have identified seven major reaches for the Skagit River, corresponding to the 
main spawning systems: the Lower Skagit River, the Baker River, the Upper Skagit watershed, the Lower 
Sauk watershed, the upper Skagit watershed, the Cascade River, and the Suiattle River. Three additional 
rearing areas – the Lower Skagit mainstem and floodplain, the tidal delta, and the Skagit Bay nearshore – 
round out the regions we can parameterize for Shiraz. Each of these reaches will require parameters for 
productivity and capacity and their variation, which can be tied to temporally varying predictors (e.g., river 
flow, Greene et al. 2005). We are currently working on filling data gaps for productivity and capacity 
parameters. 

The consequences of this life history variation for marine survival can be addressed by integrating size‐
specific variation in survival for various life history types. We expect to use standard allometric models 
(McGurk 1996) scaled to overall trends in marine survival for Skagit River populations.  Data on the relative 
survival of life history types derived from scale samples, otoliths, and outmigrant trapping, can inform 
parameterization for different life history types. 

Timeline - The timeline was somewhat delayed by the challenges of finding and hiring a postdoctoral 
researcher. Now that Corey Phillis is working on the project, our efforts are proceeding rapidly. Corey is 
making progress in coding SHIRAZ into R in ways that 1) integrate life history variation, 2) propagate error 
at various life stages, and 3) visualize model sensitivity to parameter variation. This work should be 
completed by summer of 2015. 

NOAA staff have also met with representatives of the Washington Department of Fish and Wildlife (Joe 
Anderson) and the Skagit River System Cooperative (Eric Beamer and Casey Ruff).  We (NOAA) are helping 
improve the application of the model to important management questions. We anticipate to have results 
from initial model runs by the end of January. We are also exploring whether similar model structures 
might be useful to apply to Oregon Coast coho salmon, and have been in discussion with Pete Lawson and 
other biologists about potential applications and data requirements.  

4. Spatial and temporal patterns of smolt-to-adult survival of hatchery reared Chinook in the 
Salish Sea 

Investigators: Casey Ruff (Skagit River System Cooperative); Joe Anderson, Neala Kendall, Kris Ryding 
(WDFW), Antonio Velez-Espino (DFO) 

Status 

The Chinook Task Team has been established and a timeline completed for the work. The Team estimates 
that the work will be completed by early August 2015. An initial list of stocks to assess has been created 
(see below). 
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Table 3. Preliminary list of hatchery Chinook indicator stocks organized by region with the approximate 
number of years that marine survival data are available for each stock as of 2014.   
 

    

Region Exploitation Rate Indicator Stock (Abbreviation) 

Outside: Central BC Atnarko (ATN)(20) 

Outside: Northern BC Kitsumkalum (KLM)(28) 

Outside: West Coast Vancouver 
Island 

Robertson Creek (RBT)(36) 

SS: Strait of Georgia Big Qualicum (BQR)(36) 

SS: Strait of Georgia Cowichan (COW)(22) 

SS: Strait of Georgia Nanaimo (NAN)(19) 

SS: Strait of Georgia Puntledge (PPS)(33) 

SS: Strait of Georgia Quinsam (QUI)(34) 

SS:Fraser River Chilliwack (Harrison Fall Stock) (CHI)(28) 

SS:Fraser River Dome (DOM)(16) 

SS:Fraser River Harrison (HAR)(27) 

SS:Fraser River Lower Shuswap (SHU)(25) 

SS:Fraser River Nicola (NIC)(24) 

SS: N. Puget Sound Nooksack Spring Fingerling (NSF)(18) 

SS: N. Puget Sound Nooksack Spring Yearling (NKS)(13) 

SS: N. Puget Sound Samish Fall Fingerling (SAM)(26) 

SS: N. Puget Sound Skagit Spring Fingerling (SKF)(16) 

SS: N. Puget Sound Skagit Spring Yearling (SKS)(23) 

SS: N. Puget Sound Skagit Summer Fingerling (SSF)(14) 

SS: N. Puget Sound Skagit Fall Fingerling (SFF)(9) 

SS: N. Puget Sound Skykomish Summer Fingerling (SKY)(8) 

SS: N. Puget Sound Skykomish Summer Yearlings (SNY)(13) 

SS: N. Puget Sound Stillaguamish Summer Fingerling (STL)(23) 

SS: S/mid Puget Sound South Puget Sound Fall Fing. (SPS)(35) 

SS: S/mid Puget Sound Lake Washington Fall Fing. (ISS) (part CTC of SPS)(7) 

SS: S/mid Puget Sound Green River Fall Fingerling (GRN) (part CTC of SPS)(32) 

SS: S/mid Puget Sound Grovers (GRO) Fall Fingerling (part CTC of SPS)(27) 

SS: S/mid Puget Sound University of Washington Accelerated (UWA)(10) 

SS: S/mid Puget Sound South Puget Sound Fall Yearling (SPY)(24) 

SS: S/mid Puget Sound Nisqually Fall Fingerling (NIS)(29) 

SS: S/mid Puget Sound Green River Fall Yearling (GRY)(16) 

SS: S/mid Puget Sound Puyallup Fall Fingerling (PUY)(10) 

SS: S/mid Puget Sound Garrison Fall Fingerling (GAR) (not used by CTC, but is SPS‐
affil'd)(12) 
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SS: S/mid Puget Sound Squaxin Net Pens Fall Yearling (SQP)(10) 

SS: S/mid Puget Sound White River Spring Yearling (WRY/WHY)(22) 

SS: S/mid Puget Sound White River Spring Fingerling (WRF/WHF)(12) 

SS: Hood Canal George Adams Fall Fingerling (GAD)(30) 

SS: Hood Canal Quilcene NFH Spring Yearling (QUL)(10) 

SS: Hood Canal Hoodsport Fall Fingerling (HDS)(14) 

SS: Hood Canal Hoodsport Fall Yearling (HDS)(20) 

SS: Juan de Fuca Elwha Fall Fingerling (ELW)(12) 

SS: Juan de Fuca Dungeness/Gray Wolf Spring Fingerling (DUN) (8) 

Outside: WA Coast Hoko Fall Fingerling (HOK)(21) 

Outside: WA Coast Queets Fall Fingerling (QUE)(29) 

Outside: WA Coast Sooes Fall Fingerling (SOO)(21) 

Outside: WA Coast Grays Harbor (GHR) (Humptulips Hatchery) (12) 

Outside: WA Coast Willapa Bay (WPA) (Forks, North R, Naselle)(17) 

Outside: Columbia R. (below 
BON) 

Columbia Lower River Hatchery (LRH)(32) 

Outside: Columbia R. (below 
BON) 

Cowlitz Tule (CWF)(31) 

Outside: Columbia R. (below 
BON) 

Lewis River Wild (LRW)(28) 

 
Canadian Modeling Group 

Team: Ken Denman (DFO, UVic, retired), Angelica Pena (DFO-IOS), Mike Foreman (DFO-IOS) 

During 2014, the group convened several times and developed the modeling approach for Canada, to be 

implemented 2015. This is made up of three key components: 

1. Running a Regional Ocean Modeling System (ROMS) circulation model of the Strait of Georgia 
with Angelica Pena's planktonic food web model embedded – this provides space and time 
variability of zooplankton (ie. food supply for juvenile salmon) on a 1km grid and can pinpoint 
zooplankton 'hotspots' on a daily basis. 

2. Adding an IBM component (Individual Based Model) to track migrating juvenile salmon (currents 
together with prescribed swimming). This will require a post‐doc and will be funded for 2015‐
2018. 

3. Coupling of Mike Foreman’s high resolution Finite‐Volume Coastal Ocean (FVCOM) Model to the 

ROMS model.  
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D. Budget and Funding Updates 

The following pages describe the current status of the budget associated with this grant as of November 
30 2014. A PSF and LLTK budget are provided below, both developed in the same manner for consistency. 
 

PSF 
Please note that in‐kind contributions associated with the projects listed below were significant, totalling 

over $400K during 2014. This was made up of in‐kind contributions from UBC (7K), DFO‐IOS (94K), DFO‐

PBS (juvenile salmon‐ 180K, genomics collections 75K), UVic (20K), BCCF (30K) as well as other smaller 

amounts. We can provide further details if requested. 

The initial and substantial contributions of the PSC and the PSEFS have helped PSF attract many other 
donations. PSF has committed support for over $8.8 million of the required $10 million. We currently have 
40 funding or working partners supporting this comprehensive program to rebuild the chinook and coho 
stocks in the Salish Sea.  
 

LLTK 
The Puget Sound effort is extremely dependent upon its in‐kind contributions via our collaborators. The 
in‐kind contributions associated with the projects listed below totaled over $1.7 million dollars. A majority 
of this is from the collaborators, especially the tribes, supporting the juvenile fish ($1.3 million) and 
zooplankton ($100k) sampling, including: the Tulalip Tribes, Nisqually Indian Tribe, Lummi Nation, and the 
Skagit River System Cooperative, Port Gamble S’Klallam Tribe, Kwiaht, King County, the Washington 
Department of Fish and Wildlife, and NOAA. The in‐kind value of the U. Washington ORCA buoy network, 
utilized by this project, is $300,000 annually.  

To date, LLTK has help raise a total of $4.7 million dollars for the Salish Sea Marine Survival Project. This 
includes a recent internal allocation of $300,000 by NOAA for their staff participating in this effort in their 
fiscal year 2015 budget. 

U.S. Fundraising Strategy for the 5-year research phase (2014-2018) 

 $4.35 M 
Raised 

$5.65 M 
Needed 

Total 
(Millions) 

International (Pacific Salmon Commission, Southern 
Endowment Fund) 

$2.65 $0.00 $2.65 

Federal (Agency Budget Line Items, Salmon Recovery Funds) $0.30 $2.20 $2.50 

State (Appropriations) $0.80 $1.20 $2.00 

Private (Individuals, Companies, Foundations) $0.00 $1.50 $1.50 

Competitive Grants, Match Funds, Other $1.00 $0.35 $1.35 

Total (Millions) $4.75 $5.25 $10.00 
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PSF Budget 
Detailed Statement of Operations 
Restricted-SSMSP-PSC 
From Period 1-Period 11- Year 2014 

 Actual Total Budget Variance 

Revenues     
Deferred Contribution Revenue  1,220,635 1,243,479 22,844 

Total Revenues  1,220,635 1,243,479 22,844 

Expenses     

 Staffing     
  Pearsall Ecological Consulting 1 66,195 66,195 ‐ 
  Luinenburg, Oline 2 13,675 13,675 ‐ 
  Svetlana Esenkulova 3 33,865 33,865 ‐ 
  August Jones 4 2,651 5,005 2,354 
  Terry Tebb 5 ‐ ‐ ‐ 
 Communications     
  SB Communications 6 6,803 7,500 697 
 Juvenile Salmon Sampling     
  Cowichan Tribes 7 8,705 10,303 1,598 
  JA Taylor & Assoc. 8 3,444 3,780 336 
  BCCF 1 9 20,000 20,000 ‐ 
  BCCF 2 10 36,925 36,925 ‐ 
  BCCF 3 25 31,622 31,622 ‐ 
  CAHS 11 10,076 10,076 ‐ 
  Cedar Chittenden 12 5,584 5,584 ‐ 
  Pacific Crest Net Purchase 13 86,446 86,446 ‐ 
  U Vic 26 4,928 4,928 ‐ 
 Vessels     
  Canfisco 14 68,496 68,496 ‐ 
 Citizen Science      
  Linda White 15 3,403 3,403 ‐ 
 Predation       
  Fundy Aqua Services Inc. 16 20,637 20,637 ‐ 
  Chalmers, Sarah 17 610 1,500 890 
  Douglas, Tristan 18 381 1,500 1,119 
  UBC MMP 19 49,673 49,673 ‐ 
  Barry Crow 20 7,750 7,750 ‐ 
  DFO Early Mortality 21 190,000 204,000 14,000 
  Anthony McDermid 27 6,150 8,000 1,850 
 Other     
  Uvic 28 55,000 55,000 ‐ 
  Lana Fitzpatrick 29 3,000 3,000 ‐ 
  VanAqua 30 45,362 45,362 ‐ 
  Equipment 22 321,856 321,856 ‐ 
  Travel, Materials and Supplies 23 59,272 59,272 ‐ 
  Admin Fees @ 5.00% 24 58,125 58,125 ‐ 

Total Expenses         1,220,635         1,243,479  22,844 

     

Net Surplus/(Loss)                       -    
                     
-                         -    
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PSF EXPENSE REPORT COST DESCRIPTIONS 

Ref 

Vendor/ 
Category Description 

1 Pearsall 
Ecological 
Consulting 

Responsible for overall project management, collaboration with senior scientists, study 
design 

2 Luinenburg, Oline Senior Technician for Cowichan sampling studies, duties under Citizen Science program. 

3 Svetlana 
Esenkulova 

On‐vessel sampling assistance; laboratory work; other duties as required. 

4 August Jones On‐vessel sampling assistance; laboratory work; other duties as required. 

5 Terry Tebb Responsible for component project management, collaboration with study personnel. 

6 SB 
Communications 

Provides communications and editorial services on an as needed basis. 

7 Cowichan Tribes Coordinated staff and equipment to carry out the hatchery chinook smolt survey; work was 
undertaken by DFO and Cowichan First Nations; daily and weekly sampling activities were 
consistent with statistical program requirements outlined in the J/A Taylor design; RST 
trapping ran from April and extended into July to assess the population size of wild chinook 
smolts migrating during this period. 

8 JA Taylor & Ass. Designed component of program that aimed to achieve estimate of hatchery Chinook that 
survive to the sampling location in the Cowichan River, with better than 15% accuracy with 
95% confidence; CWT clipped and Bismarck Brown stained hatchery smolts were released 
during 2 scheduled release periods in April and May; program employed the two‐site 
stratified mark‐recapture estimator described by Carlson et al. (1998). 

9 Cedar Chittenden Term Research Assistant position to compare Chinook salmon diet data from the 2008‐2013 
research in Cowichan Bay with historical data found in the literature to create a 
comprehensive guide of diet by size for researchers to reference; compilation and archiving 
of juvenile Chinook salmon diet data for data analyses using multivariate analyses. 

10 BCCF 1 Used PIT‐tag technology to better understand migration timing and behavior of Cowichan 
Chinook fry/fingerlings from mid and upper river spawning areas through lower river 
reaches and the estuary proper; clarify which tagging/antenna detection systems work best 
and produce reliable insights on juvenile Chinook migration timing and use of freshwater 
and estuary habitats; three year study to provide strong impetus to a coordinated habitat 
protection and restoration plan; fill current science gap regarding the behavior and survival 
of juvenile Chinook in the lower Cowichan River and estuary. 

11 BCCF 2 Tracked Chinook fry from natal spawning/incubation sites in the Cowichan River to rearing 
habitats in the estuary over the course of a single spring season; differentiated relative 
abundance of stream‐reared versus estuary‐reared Chinook migrant groups; compared 
growth rates for stream‐reared versus estuary‐reared fry groups over time; documented the 
preferred habitat of Chinook fry at each location over time including depth/velocity, cover, 
substrate and other physical/biological descriptors; correlated mean size to habitat 
preference over time; assessed habitat limiting factors for Chinook fry in Cowichan River 
and estuary; characterized interactions between wild and hatchery Chinook fry prior to 
ocean entry; produced a high quality technical report summarizing 2014 field results, with 
recommendations for future research and stock assessment. 

12 CAHS Project focuses primarily on improving the returns of Coho reared at the Quinsam Hatchery 
in Campbell River BC; team characterized plankton dynamics: timing, density and 
composition mid‐March 2014 –July 2014; evaluated which measured environmental 
indicators correlate with the timing and composition of plankton blooms; provided a 
program that is a tool to assist in predicting the strength or weakness of a brood year far in 
advance of the return so that pro‐active management measures can be implemented; 
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allowed for collaboration and knowledge‐transfer between governmental, non‐
governmental and First Nations organizations. 

13 Pacific Crest Net 
Purchase 

Materials and labour required to build two small purse seine for the Salish Sea project; 
length of 155 fathoms long with 5/8 corkline and BL5 and BL3 corks; 6 lb lead lines & 7/8`` 
purse lines to the 100 fathom mark; 4`` &  6`` s.s. rings; 5 mesh knotted lead line border; 3/8  
``Black. knotless to 30, ¾  `` knotless to 60, 1`` knotless to 80 fathoms; knotted salmon body 
web for the balance. 

14 Canfisco Charter agreement for the "Ocean Venture" for up to 29 billable days from May 8, 2014 to 
July 31, 2014.  

15 Linda White Organized and assemble sampling kits for the SSMSP. 

16 Fundy Aqua 
Services Inc. 

Provided scientific and technical support in the collection and sampling of specimens 
derived from night‐time gill netting activities in the Cowichan estuary area; summarized 
data and provide a data report of activities and results; worked with the project lead to 
organize and carry out field work, specimen analysis and summarizing of results. Lead on 
the Cowichan bird project. 

17 Chalmers, Sarah Abundance monitoring of birds in the Cowichan Bay. 

18 Douglas, Tristan Abundance monitoring of birds in the Cowichan Bay. 

19 UBC MMP Assessing the impact of seals on salmon in the Strait of Georgia; identify which species of 
salmon are primarily consumed by harbour seals; quantifying the amount of salmon 
consumed by harbour seals; understanding how harbour seal salmon consumption in the 
Strait of Georgia has changed over time, and how it compares to other regions of the Salish 
Sea. 

20 Barry Crow Participation in the Spring salmon smolt study on the Cowichan; provided net repairs and up 
to 15 nights of vessel time including labour. 

21 DFO Early 
Mortality 

There is increasing evidence from around the Pacific that the early marine period for Coho 
and Chinook salmon may be driving the overall survival of these species; This study will 
provide key information on factors regulating the early marine mortality of southern BC 
Chinook and Strait of Georgia Coho salmon; design an integrated project to identify the 
factors regulating early marine survival of Chinook Salmon; DFO led the team for sampling 
of juvenile salmon at Cowichan Bay in 2014 using beach seine, purse seine and trawl 
between April and mid‐July 2014; worked with associated programs/projects to ensure all 
data required from these sampling events were collected; initiated studies to examine the 
early marine growth of hatchery and wild Chinook Salmon; examined predation on juvenile 
salmon by marine fish and birds; conducted preliminary sampling in other regions to help 
identify areas of expansion in 2015; met/reviewed data with associated Programs 
(oceanographic, birds, mammals, fresh water) to determine relationship between the 
various dynamics/metrics being collected; summarized results from 2014 program; provided 
written report to PSF. 

22 Equipment Various equipment purchases for several components of the SSMSP study:Cowichan bay 
moorings, 10 citizen science kits, PIT tags and associated materials.  

23 Materials and 
Supplies 

Misc travel, materials and supplies. 

24 Admin Fees @ 
6.5% 

4% below PSF FY 2013 rate. 
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25 BCCF The focus of this project is on Cowichan Chinook juveniles and sub‐adults with the prime 
objective of calculating the relative survival to spawner for life history stages in the first two 
years. Fish were tagged at a variety of size and age classes to determine survival at 
sequential life stages in the first two years at sea. Wild fingerlings (> 60 mm) were tagged in 
freshwater and hatchery fish will be tagged opportunistically with wild fish as they are both 
captured in the marine environment. Survival data for these fish will be able to be obtained 
with no additional effort as recoveries for all fish are automated (excluding recoveries from 
marine harvest). 

26 U Vic Feasibility study of using modified recreational fishing gear to conduct low cost, fine spatial 
and temporal resolution sampling of juvenile Coho and Chinook salmon. 

27 Anthony 
McDermid 

Cowichan night trawls for predator fish, four nights charter 

28 U Vic MSc project to assess the value of seagrass ecosystems as foraging grounds for juvenile 
salmon, and to quantify the effects of seagrass damage and restoration on the availability of 
high quality salmon diets. 

29 True North 
Biotechnical 

Update the current list of Canadian chinook papers (1990 to present)  

30 Vancouver 
Aquarium 

RFID reader testing on wild seals at the Vancouver Aquarium Marine Mammal Rescue 
Facility 
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Long Live the Kings  
Detailed Statement of Operations, Restricted - SSMSP - PSC 
Expense update: February 1-November 30, 2014 

 
PLEASE REFER TO NOTES ON FOLLOWING PAGE WHEN REVIEWING THIS EXPENSE REPORT. 

Description Ref

Actual 

(Feb 1- Nov 30)

Original 2014 

Budget 

(Feb 1 - Dec 31) Variance

Revenues

Deferred Contribution Revenue $810,000 $900,000 $90,000

Total Revenues $810,000 $900,000 $90,000

Expenses

STAFFING: LABOR, WAGES, SALARIES, AND BENEFITS

Mike Schmidt 1 $20,703 $25,000 $4,297

Iris Kemp 2 $4,581 $5,000 $419

Jacques White 3 $11,510 $10,000 ‐$1,510

CONTRACTS*

Juvenile Salmon 

NOAA (Chamberlin & Greene) 4 $62,332 $101,403 $39,071

U. Washington (Beauchamp) 5 $19,648 $80,001 $60,353

Zooplankton 

U. Washington (Keister) 6 $23,577 $122,219 $98,642

Kwiaht (Barsh) 7 $2,404 $3,607 $1,203

Tulalip (Field staff) 8 $7,500 $13,760 $6,260

Physical Monitoring

U. Washington (Newton & Mickett) 9 $10,860 $33,783 $22,923

Vessels

Pacific Crest Seafoods (Brajcich) 10 $104,019 $111,100 $7,081
Contaminants  

WDFW (O'Neil) 11 $0 $30,000 $30,000

Salish Sea hatchery Chinook survival 

Private Contractor (Rawson) 26 $875 $0 ‐$875

Coho life‐history & ecological characteristics (correlations w/ survival)  

WDFW  (Anderson) and Private Contractor (Rawson) 12 $0 $40,750 $40,750

FIELD EQUIPMENT AND SUPPLIES

Juvenile Salmon: Purse Seine 13 $38,888 $38,900 $12

Zooplankton: Nets, flow meters, sample jars, fuel for 

collaborators

14
$29,330 $33,606 $4,276

COMMUNICATIONS & FUNDRAISING

Matt Hagen (photographer) 15 $821 $1,500 $679

Natasha Dworkin (media development, press management) 16 $8,830 $9,500 $671

Shamra Clark (private fundraising consultant) 27 $6,750 $0 ‐$6,750

OTHER PROJECT COSTS

Travel 17 $6,670 $6,000 ‐$670

Conferences 18 $797 $1,000 $203

US/Canada Retreat** 19 $0 $15,000 $15,000

Research Contingency 20 $1,030 $15,000 $13,970

ADMINISTRATIVE COSTS

Internet Services (WebEx, Basecamp) 21 $1,064 $960 ‐$104

Printing, copying, postage 22 $2,015 $1,600 ‐$415

Telephone and Long Distance 23 $872 $1,000 $128

Office Supplies 24 $359 $200 ‐$159

Administrative Overhead 

(18% of LLTK direct costs. No overhead on subcontracts)
25 $14,850 $13,817 ‐$1,033

Total Expenses $380,285 $714,706 $334,421

Net Surplus/(Loss)*** $429,715 $185,294  
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LLTK EXPENSE REPORT NOTES 

* Other than NOAA, all contracts are monthly or quarterly reimbursement. All contracts were back 
dated to February 1; however, most contracts were not finalized until May. Since then, billing has begun 
to pick up; however, bills for the final 2‐3 months of 2014 have not been received for all contracts listed. 
Also, complications with the WDFW contract (11) and a NOAA contract modification (4) have stalled 
their completion, leading to some or all of these funds to be carried forward into 2015. We expect these 
issues to be addressed in January 2015. 

** Reallocated $15,000 for US‐Canada Retreat to other critical project needs. See reference 19 for more 
details. 

*** Project partners agreed on a strategy to carry‐forward ~$200,000 of the PSC‐Southern Fund 
revenue to ensure that the bottom‐up research and sampling effort (Ref 4‐10, 13, 14) is sustained for 2 
years. Total PSC allocation for each multi‐year contract (Ref 4,5,6, and 9) provided in the description of 
these budget items. Reason for more substantial than expected carryforward described in previous 
note. 

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) Data gathering, modeling, 
analysis, reporting: Juvenile Chinook and coho life‐history 
characteristics/life‐cycle modeling (Greene) [Total 2014-2015 PSC 
allocation  = $220,597] 

5 U. Washington 
(Beauchamp) 

Contract: B) Field work, lab work, analysis, reporting: juvenile Chinook 
and coho critical growth periods   [Total 2014-2015 PSC allocation = 
$160,002] 

6 U. Washington 
(Keister) 

Contract: A) Training field samplers, lab work, analysis, reporting: Puget 
Sound‐wide zooplankton sampling program [Total 2014-2015 PSC 
allocation = $214,946] 

7 Kwiaht (Barsh) Contract: Field support for zooplankton and juvenile salmon sampling in 
the San Juan Islands 

8 Tulalip (Field 
staff) 

Contract: Field support for zooplankton sampling in Possession Sound 
(Snohomish Basin) 

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 2014-2015 PSC allocation = $56,866] 

10 Pacific Crest 
Seafoods 
(Brajcich) 

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

11 WDFW (O'Neil) Contract: Perform contaminants analysis of juvenile Chinook collected on 
Puget Sound Ricker cruise in 2013. Completes juvenile outmigrant profile 
of contaminants. 
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12 WDFW  
(Anderson) & 
Private 
Contractor 
(Rawson) 

Contracts: CHANGED‐ Initially a pending coho life‐history & ecological 
characteristics (correlations w/ survival) study. However, the Coho Task 
Team decided to take a different course, focusing primarily on ecological 
characteristics and having NOAA (funded internally) lead.  This is the 
subsequent phase following the coho retrospective survival work (SF‐
2013‐I‐16B) 

13 Juvenile Salmon: 
purse seine 

Purse seine net purchased from Pacific Crest Seafoods. PCS also produced 
the seine for the Canadian's work.  

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. Transferred cost to SF‐2013‐I‐16A due to other critical 
needs. 

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% to direct costs incurred by our 
organization. No overhead is being applied to subawards/subcontracts.  

26 Private 
Contractor 
(Rawson) 

Contractor: Chinook survival study. Kit Rawson is the contracted 
facilitator and will provide technical support. The other contracts 
associated with this study will be reflected in the next progress report 
(July 2015). 

27 Shamra Clark Contractor: Fundraising consultant for LLTK, Salish Sea Marine Survival 
Project fundraising campaign. Need identified in late 2015. Total budget 
estimate for 2014 $9,000. 
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Appendix 1: Operational Hypotheses 

The following pages describe the current operational hypotheses for Puget Sound and Strait of Georgia 
research. These operational hypotheses better define each concept being tested, providing greater detail 
than the general framework of the primary hypotheses listed in this report. They are intended to provide 
more specific guidance for the Project’s research activities.  
 
Per the request of the Southern Endowment Fund Committee, the operational hypotheses will be 
merged and displayed in a construct similar to the Strait of Georgia hypotheses in the forthcoming US-
Canada alignment plan, and repeated in future progress reports.  
 
.  
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Canada – Strait of Georgia 

Table 1. Possible mechanisms controlling brood year strength in the marine environment for Pacific 
salmon. 

 

 

Hypothesis Explanation Prediction Potential Metrics
Critical periods Marine survival is thought to be 

set during two (or more) critical 

periods/windows

Total marine survival is correlated to early 

marine survival

Survival rates determined with by tagging fish in the river and 

in the ocean with PIT‐tags; Size‐selective mortality determined 

from otoliths

Total marine survival is correlated to 

winter survival

Survival rates determined with by tagging fish in the river and 

in the ocean with PIT‐tags; Size‐selective mortality determined 

from otoliths

Smolt condition Conditions in the freshwater 

environment affect the ability of 

the smolt to survive in the marine 

environment

Larger and fatter smolts have higher 

survival

Back‐calculated size at ocean entry; Smolt size; Lipid 

concentration/composition

Hatchery fish have lower marine survival 

than wild fish

Predation risk experiments; Size‐selective mortality determined 

from otoliths

Physiologically prepared smolts have 

higher survival

Genomic profile of smolts; NaK‐ATPase (?)

Prey availability Fish that grow quickly survive 

better because they can escape 

predators or survive winter better

Marine survival increases with prey 

production.

Zooplankton biomass; Ichthyplankton biomass; 

herring/sandlance recruitment; Stable isotopes of carbon as a 

proxy for productivity; Diet

Growth and food consumption rates 

increase with prey production.

Feeding rate determine using cesium; Growth determined with 

RNA:DNA ratio, otolith and/or IGF

Density-dependence Prey availability is reduced when 

competition for food increases.

Marine survival decreases with increasing 

smolt abundance. [For instance, changes 

in pink salmon abundance between odd‐

even years].

CPUE of competitors; Marine survival

Growth and food consumption rates are 

inversely related to the abundance of 

competitors .

Feeding rate determine using cesium; Growth determined with 

RNA:DNA ratio, otolith and/or IGF; CPUE of competitors

Match-mismatch The timing of ocean entry is 

thought to have evolved to 

coincide with the timing of prey 

production

Smolts that enter during the peak of prey 

availability perform better.

Marine survival from different release groups (PIT‐tags and 

CWT); Ocean entry time from otoliths

Junk-food/Prey-

quality

Growth of juvenile salmon is 

affected by the nutritional content 

of their food.

Marine survival and growth increases 

with the availability of fat/nutritiousl 

prey.

Growth determined with RNA:DNA ratio, otolith and/or IGF; 

Lipid concentration/composition in 

zooplankton/ichthyoplankton; Stable isotopes of nitrogen; 

Carbon‐to‐nitrogen ratio in plankton

Winter starvation Winter is a critical period due to 

low food availability and low 

temperatures.

Fish that do not reach a critical size, 

growth, or lipid concentration prior to the 

winter will not survive.

Survival rates determined with by tagging fish in the river and 

in the ocean with PIT‐tags; Size‐selective mortality determined 

from otoliths; Predation risk and starvation experiments

Predation-intensity Predation is a direct cause of 

mortality.

Mortality rates increases with the 

abundance of predators.

Abundance of piscivorous fish; Frequency of salmon in the 

stomachs of fish predators; size of salmon in the stomach of 

predators; Predator distribution (day‐night, light‐dark)

Buffering-capacity The probability of being detected 

by predators decreases with the 

abundance of alternative prey.

Mortality rates decreases with increasing 

abundance of forage fish [or other prey 

items such as euphausiids].

Abundance of piscivorous fish and forage fish from nighttime 

surveys;  Predator distribution (day‐night, light‐dark)

Disease-susceptibility Infected fish may be more 

susceptible to predators or simply 

die from the infection

Mortality increases with increasing 

parasite or pathogen loads.

(?)
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U.S. – Puget Sound 

The 14 hypotheses the U.S. Technical Team developed to determine the most significant factors affecting 
the survival of salmon and steelhead in Puget Sound are described below and organized by research 
function and levels of the original Puget Sound conceptual framework.  

Where and when is survival most affected? 
1. Marine survival does a better job than freshwater survival in explaining productivity trends of 

salmon and steelhead in the Salish Sea 

2. Ecosystem and community factors affecting salmon and steelhead survival are operating at 
different levels by area encountered, species, hatchery v. wild, and within species, by life 
history  

3. Size‐selective mortality is an important process regulating survival at one or more life stages 
of salmon and steelhead: Larger body size at certain life stages confers higher survival to 
adulthood (includes evaluating smolt condition at marine entry). 

Individual and Population Factors  
4. Outmigration timing influences the magnitude effect of competition, predation, and 

environmental variation on survival in the Salish Sea (match‐mismatch). 

5. Resident‐type behavior and the duration of residence influences survival in the Salish Sea. 

6. Through a process known as the portfolio effect, diversity among salmonid populations 
confers temporal stability and long‐term persistence of the species within the Salish Sea. 

Ecosystem Factors  
7. Circulation and bottom‐up processes hypothesis: Changes in circulation and water properties 

have altered phytoplankton and zooplankton production in ways that degraded salmon food‐
webs in the Salish Sea from the 1970s to 2000s (bottom‐up effect).  

8. Increased C02 concentrations indirectly affect salmon survival or increase their susceptibility 
to other sources of mortality (bottom‐up or top‐down effect). 

9. Harmful algae directly affect salmon survival through acute or chronic mortality and may 
adversely affect prey availability by food web impoverishment (bottom‐up or top‐down 
effect). 

10. Reduced habitat availability and/or diversity have affected the behavior (and reduced the 
diversity) of salmon while in the Salish Sea (top‐down effect). 

11. Toxic contaminant inputs have increased, affecting marine survival of salmon through 
reductions in growth and resistance to disease (top‐down effect). 

Community Factors 
12. Food supply limits growth, and thus survival, during critical periods of early marine rearing 

(Insufficient supply, mismatch, competition, dens) (bottom‐up effect). 

13. Predation by larger fish and marine mammals has increased on salmon and steelhead, 
respectively. And, the potential effect of bird predation represents a significant knowledge 
gap (top‐down effect).  

14. Infectious and parasitic diseases are causing direct and indirect mortality (top‐down effect). 
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Note that determining the impact of multiple factors influencing survival simultaneously5 and determining 
the role of local human‐induced pressures vs. larger ecological shifts is embedded in these hypotheses 
and the research activities used to address them. For a detailed description of the evidence supporting 
each of these hypotheses, see the Hypotheses and Preliminary Research Recommendations for Puget 
Sound (2012). 

 

                                                 
5 As interactions between salmon and the Salish Sea are complex, part of the research process will be understanding which 
factors are more significant, whether they have synergistic or compounding effects, how factors interrelate and which factors are 
proximate/direct vs. root/fundamental causes of mortality. For example, limited food supply may be fundamentally driven by 
eutrophication. 
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Appendix 2: Puget Sound Steelhead Marine Survival: Early Results 
Workshop Summary 

 
Puget Sound Steelhead 

27 October 2014 
WET Science Center, 500 Adams St NE 

Olympia, WA 

Early Results Workshop Summary 
 
 
 
Attendees:   
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SUMMARY 
(PRELMINARY RESULTS. DO NOT CITE OR DISTRIBUTE) 

Executive Summary 
The intent of this workshop was to discuss the research status and preliminary findings of the 2014 Puget 
Sound steelhead marine survival study period. The workshop provided an opportunity for the steelhead 
marine survival workgroup members to communicate these results to and get feedback from the broader 
group of folks working on this research and some outside experts including Puget Sound Steelhead 
Recovery Team members. The key preliminary findings are summarized as follows.  
 
Cluster analyses and mixed effects models of smolt‐to‐adult (marine) survival trends, comparing Puget 
Sound to the coast and lower Columbia River basin, continue to illustrate that Puget Sound differs from 
the other regions. Furthermore, acoustic telemetry data again illustrated high mortality (over 80%) 
occurring in the Puget Sound marine environment.  The best predictor of steelhead marine survival trends 
for Puget Sound, lower Columbia and outer coast combined was spring upwelling index. And, the best 
Puget Sound predictor of Puget Sound steelhead marine survival trends for Puget Sound was adult herring 
abundance (positive correlation). The correlation with herring abundance could be a predator buffer 
effect, or a sign that herring and steelhead are similarly affected by another factor. However, these data 
were from 1994 forward and did not include the higher survival period during the 1980s, which will be 
incorporated once the quality is improved.  
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A reciprocal transplant study using acoustic telemetry, with Nisqually and Green River wild steelhead, 
clearly illustrated that mortality is primarily a function of the lower river and marine migration pathway 
and distance traveled through Puget Sound, and not a result of population or river (above the release 
location) condition.  Mortality was highest from river mouth to the Admiralty Inlet acoustic receiver line 
and much less in river and in the Strait of Juan de Fuca. Results of the study also show atypical behavior 
indicative of predator movement, suggesting the steelhead were consumed and the predators were 
moving about the estuary. 
 
Predation has been identified as the most likely proximate (direct) driver of mortality; however, it’s hasn’t 
been clear who the culprit is or whether or not increased predator abundance and targeting of steelhead 
is fundamentally why steelhead have declined. A literature review suggests that harbor seals and 
cormorants are the most likely culprits. An acoustic telemetry study of encounter rates between seals and 
steelhead illustrate a large number of encounters. None of the detections suggested a direct mortality by 
any of the harbor seals outfitted with receivers. However, the location of the detections can help identify 
the culprits, especially tags that end up stationary, a sign that the steelhead was eaten and the tag 
deposited by the predator. For examples, stationary tags detected around seal haul out sites could better 
identify seals themselves as the predators, or tags concentrated near cormorant colonies could identify 
cormorants as the predators. The seal foraging behavior information (via GPS and depth data) is being 
overlayed with the steelhead tag detection data to begin building this picture.  
 
A fish health assessment was performed on factors of highest concern, to help determine whether fish 
condition is compromised and contributing to or ultimately driving high steelhead mortality rates in Puget 
Sound. The results of the fish health assessment suggest that toxic contaminants aren’t a primary factor 
driving survival. Nanophyetus  was present in the Green and Nisqually Rivers, and was particularly intense 
in the Nisqually population. High Nanophyetus  prevalence in samples collected in the lower river and 
marine environment suggest that Nanophyetus  could be contracted in the lower river and potentially 
affecting the steelhead as they move into the marine environment. A saltwater challenge of heavily 
infected steelhead suggest that marine entry itself would not be enough stress to kill infected fish; 
however, further investigation into the effect on Nanophyetus  on swimming performance and, thusly, 
predator avoidance, is warranted. Apparently low (less than 1%) lipid levels in outmigrating steelhead 
from the Nisqually, Green and Skagit rivers was of greatest concern as these levels may exacerbate 
contaminant and Nanopheytus loads, and may themselves be a sign of compromised fish condition. 
However, it’s uncertain whether or not low lipid levels are driven by extraneous factors, or whether they 
are a function of the outmigrant life stage.   
 
The steelhead workgroup will be completing their analyses and reporting through the spring of 2015. 
Results will be released as they are finalized, and a final summary report will be available at the end of 
June 2015. The steelhead workgroup will also be formalizing next steps for research over the spring. Some 
initial suggestions were provided during the workshop and are described below in the complete workshop 
report. Regarding early management actions, it’s apparent that moving steelhead from Soos Creek 
Hatchery to Flaming Geyser or Icy Creek has dramatically reduced Nanopheytus burdens. Also, identifying 
and addressing the source of PBDEs in the Nisqually River may be worthwhile. However, the strongest 
signal of mortality continues to be predation, and questions remain about the contribution of fish 
condition to mortality. Further investigation will continue to hone in on the primary issues and elicit best 
management actions for addressing steelhead mortality in Puget Sound.  
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Isolating the factors  
 
Smolt‐to‐adult (marine) survival trends and correlations with environmental & fish characteristics (N. 
Kendall, M. Klunge, G. Marston WDFW)  
Steelhead smolt‐to‐adult (marine) survival estimates were compiled to look at spatially‐explicit trends in 
survival over time and relate those trends to fish characteristics and environmental factors. Across all 
years, declines in Puget Sound steelhead marine survival were evident.  
 
Data from 1994‐present for Puget Sound, coastal, and lower Columbia stocks were included in trend 
analyses, since those years of data were most reliable (Note: Kendall et. al. are working on improving the 
dataset from the 1970s through 1994 to ensure the period of higher marine survival (pre late 1980s) is 
also included). Ward’s hierarchical cluster analysis was performed on the time series. Puget Sound stocks 
clustered separately from coastal/Columbia River stocks. Within Puget Sound, Hood Canal stocks 
clustered separately from other stocks.  
 
The best‐fit mixed effects model included population as a random effect, ocean entry year as a categorical 
factor, region, origin (hatchery/wild) and basin. Puget Sound was significantly different from other 
regions, and wild smolt survivals were higher than hatchery smolt survivals.  
 
Preliminary results from models across all stocks from all regions including environmental factors 
indicated that the variables that best predicted smolt survivals were: 1) early spring upwelling index, 2) 
migration period SOI, 3) winter SST, and 4) summer SOI. Preliminary results from models across only Puget 
Sound stocks indicated that variables that best predicted survivals were: 1) adult herring abundance 
(positive correlation), 2) early spring density, 3) early spring salinity, 4) early spring DO, and 5) spring‐
summer light transmissivity. The positive correlation with herring abundance was highlighted in 
discussions. This could be a buffer prey effect, or an indication that both herring and steelhead survival is 
being driven by similar factors. This finding is consistent with strong positive correlations found between 
Fraser (Chilko Lake) sockeye survival and herring catch (Rensel et al. 2010, Fig 5)6.  
 
Models including fish characteristics indicated that important variables were: 1) broodstock type 
(Chambers Cr. had lowest survivals) and 2) % of smolts from an offsite hatchery. However, the best of fish 
characteristics did not correlate as well with survival when compared to the best of environmental factors. 
This included no apparent correlation between size (length) at outmigration and survival. This is consistent 
with analyses of acoustic telemetry data (from 2006‐2009 and 2014 – M. Moore unpublished). However, 
other studies have shown correlations. This could be explained by size playing a role in marine life and 
within‐year survival beyond their Puget Sound phase. See the Puget Sound steelhead marine survival 
research plan (2014)7 for more details on this.  
 
Next steps include refining the dataset pre‐1994, evaluating release/outmigration date and abundance of 
steelhead and coho as categorical variables to assess the potential effect of outmigration pulses leading 
to predator attraction and higher mortality rates (as suggested by acoustic telemetry data), evaluating the 
model Eric Ward (NOAA Fisheries) is developing for predators of Chinook to see if it can be paired with 

                                                 
6 Rensel J., N. Haigh, T. Tynan. 2010. Fraser river sockeye salmon marine survival decline and harmful blooms of 
Heterosigma akashiwo. Harmful Algae 10 (2010) 98–115. 
7 Available at www.marinesurvivalproject.com 
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the steelhead data, incorporating additional covariates as data are available, incorporating steelhead 
condition factor, and incorporating additional relevant datasets in concert with the ecological indicators 
development being done for the Salish Sea Marine Survival Project as a whole. At completion of analysis, 
steelhead and coho survival results (recently completed as part of the Salish Sea Marine Survival Project) 
will be compared side‐by‐side. 
 
 
Reciprocal transplant (Barry Berejikian & Megan Moore, NOAA) 
A reciprocal transplant study was performed to help determine whether early marine mortality in Puget 
Sound is freshwater (or population) OR marine derived. Barry and Megan tagged and released Green and 
Nisqually wild‐only steelhead at river mile 19. Half the tagged fish were released back into their river of 
origin; the other half were transplanted into the alternate river. Receivers in the estuary and marine 
environments tracked the survival of each fish through segments of Puget Sound. Data were recovered 
from all but 2 receivers. Detection probabilities were greater than 60% in all locations. This estimate was 
supported a comparison of the weaker signal V7 tags used for this study and stronger V9 acoustic tags, 
done in concert with this study. 
 
Release location had the strongest effect. Regardless of origin (Nisqually or Green), wild steelhead 
released in the Nisqually River survived at lower rates than those released into the Green. This supports 
the hypothesis that mortality is a function of distance traveled through Puget Sound. There was also no 
significant effect of translocation or population on travel time or survival. And, on average, Nisqually fish 
were larger and older (higher proportion age 2) than Green fish. However, there was no significant effect 
of body size or age on survival. These results support the hypothesis that the mortality is associated with 
the lower river and marine migration pathway and not a function of population condition, or river 
condition above the smolt traps. However, fish condition upon marine entry could still contributing to this 
mortality because both the Green and Nisqually populations are affected by Nanophyetus  in the lower 
river, below the smolt traps (and Nanophyetus  intensity is higher in the lower Nisqually compared to the 
Green), and an initial assessment showed low lipid levels in both populations that may be a concern (see 
fish health section, below). 
 
Release date had an effect on survival, and this effect was segment‐specific. Fish released earlier had 
higher probability of survival than others. Recent analyses of previous acoustic telemetry data (2006‐
2009) illustrate higher early marine survival rates until the first week of May, when survival drops suddenly 
and then slowly rebounds over time.  
 
Overall survival rates from point of release in the rivers to the Strait of Juan de Fuca line were 4% for 
Nisqually and 18% for Green River. These findings are consistent with 2006‐2009 estimates of survival 
through Puget Sound. Survival rates were highest in the river (freshwater) segments and Admiralty‐Strait 
of Juan de Fuca segment. The segments within Puget Sound had significantly lower survival rates 
compared to these other segments. The most mortality occurred in the first marine segment: between 
the estuary and Tacoma Narrows receiver line for fish migrating from the Nisqually, and between the 
estuary and Central Puget Sound line for fish migrating from the Green.  
 
Since much of the mortality happened in the first marine segments, Moore looked into estuary behavior. 
Steelhead typically spent less than half a day in each river’s estuary. However, there were some atypical 
movements recorded for a few of the tagged fish– including longer residence time and back‐and‐forth 
travel among receivers in the estuary. These fish were not detected at any other lines beyond the estuary, 
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and the behavior looks more like a predator behavior (fish was consumed and tag moving with the 
predator).  
 
Regarding next steps, the atypical estuary behavior will be investigated further. Moore will develop formal 
hypotheses from her observations. She will also look into correlations between the behavior and tidal 
cycles because it may help determine whether harbor seals are the culprit (seals have a harder time 
moving upstream in rivers at low tide). 
 
 

Predation as the proximate (direct) AND potentially ultimate driver of early 
marine mortality 
 
Predator Identification (Scott Pearson, WDFW) 
A literature review is being completed to help identify the most likely juvenile steelhead predators in 
Puget Sound marine waters. For all piscivorous birds and mammals in the region that are reasonably 
abundant during steelhead outmigration, the following is asked: 1) Does the predator eat juvenile 
salmon?, 2) Does the predator eat juvenile steelhead?, 3) Does the predator feed at the depth steelhead 
typically outmigrate?, 4) Is there an overlap in size distribution between predator diet and that of juvenile 
steelhead (especially in mortality hotspots)? 5) Is the predator reasonably abundant in Puget Sound and 
Strait of Georgia (especially in steelhead mortality hotspots) in May and June when steelhead typically 
outmigrate?, and 6) Is the predator population increasing and/or has there been a change in distribution 
during the time of steelhead decline?   
 
Based upon results to date, harbor seals are definitely a potential predator, although there is currently 
little evidence that they eat juvenile steelhead. Seal populations have increased substantially over the 
past four decades and stabilized in the late 1990s/early 2000s. There are data gaps on haul‐outs and diet 
information from Central Puget Sound. However, the chances of detecting steelhead in a seal diet is small, 
since steelhead population sizes are very low. That said, Austen Thomas from the University of British 
Columbia has new results that show steelhead comprise a considerable portion (8%) of Fraser River seal 
diets. He is working now to determine whether these fish were juveniles or adults.  
 
There is no evidence that harbor porpoise eat salmon or steelhead, based analysis of stomach contents 
from porpoises caught in gillnet fisheries (not stranded porpoises).  
 
To conclude, Pearson suggests that the primary focus for predator candidates should be harbor seals, 
double‐crested cormorants, and Brandt’s cormorants. Secondary focus would be harbor porpoise and 
common murre. Pearson will complete the assessment and provide in a technical report. This will include 
a more complete assessment of the locations of cormorant colonies throughout Puget Sound. Suggestions 
for future studies include the use of a multi‐species approach consisting of the primary potential culprits 
identified here, to better understand predator spatial use, foraging areas, diet composition. Pearson is 
working with Austin Thomas on this proposal.  
 
 
Harbor seal movements & steelhead encounter rates (Barry Berejikian, NOAA & Steve Jeffries, WDFW) 
This study attempts to quantify spatial and temporal overlap of harbor seals and steelhead smolts in Puget 
Sound and potentially document predation events. Twelve harbor seals were fitted with dive packs that 
identify their locations before during and after the steelhead outmigration period, foraging times and 
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durations, dominant foraging areas, foraging range from haul outs, and encounter rates to assess spatial 
and temporal overlap with and direct predation of outmigrating steelhead. Encounter rates are 
determined by evaluating the proximity between the harbor seals and outmigrating steelhead smolts 
affixed with acoustic tags.  
 
Tracking seal movements (Jefferies) ‐ Dive packs with acoustic receivers and transmitters, depth meters, 
GPS, and a VHF radio tag for pack retrieval, were deployed on the backs of 12 adult harbor seals in April. 
Five of the seals were caught in Central Puget Sound and seven were caught in Admiralty Inlet. Five of the 
12 seals were females. All females were pregnant at time of capture. Eleven out of the 12 total packs have 
been recovered, and show a variety of foraging behaviors as well as molting, pupping, and weaning pups 
over the summer. During May, the seals that Steve discussed (N=4) were mainly foraging at deep locations 
(> 60 m). A composite look at foraging behaviors of these 12 seals show that seals are foraging all over 
Puget Sound but their foraging areas have little spatial overlap.  
 
The next steps include developing a refined look at foraging areas, including depths in association with 
continuing to overlap the seal tracking data with the acoustic telemetry data (see below). Preliminary data 
indicate frequent, deep foraging, whereas steelhead are believed to migrate just below the surface. 
However, length/proportion of time in the upper verse lower water column can be analyzed as the depth 
instruments were programmed to partition the top 25 m into 5 m bins. 
 
Acoustic telemetry: harbor seal and steelhead encounters (Berejikian) – To put the results of the 
encounter rates in context, Berejikian illustrated acoustic receiver detection limitations.  It’s estimated 
that the VEMCO acoustic receiver in the seal packs can detect tags at a 50‐100m radius. To detect the tag, 
the seal’s receiver must be underwater, and it must be relatively near the surface if we assume the 
steelhead is alive and swimming near the surface OR relatively near the seafloor if we assume that the 
steelhead is dead and the tag sank. Furthermore, the shadow effect of the seal’s body on detection is 
unknown. And, obstructions or substantial noise can interfere with tag detection. So, the odds of a seal 
detecting a steelhead tag is highly constrained by the limitations of the technology.  

Stationary sentinel tags were placed near seal haul‐outs to help estimate seal detection range. However, 
<1% of all pings were detected at each haul‐out site. And, detection rates decreased as time went on and 
seals changed behaviors. It’s unknown why these detection rates were so low. It may have to do with 
swimming depth near haul out sites.  
 
In total, 44 of 246 individual, acoustic‐tagged steelhead were detected by harbor seal packs. Of these, 29 
were from the Nisqually River. Seal detections and release data had a parabolic relationship, with a peak 
around May 11. This is consistent with the findings of highest mortality around the first week of May (see 
Reciprocal Transplant section, above).   
 
About 26% of the total tagged smolts were detected by Central Puget Sound seals and about 12% were 
detected by Admiralty seals. This is consistent with the receiver array results showing higher mortality 
from river mouth to the Central Puget Sound line versus the Central Puget Sound to Admiralty Inlet line. 
This also may suggest some spatial difference in either seal or steelhead behavior. For example, we do 
know that steelhead outmigrants travel faster through Admiralty. 
 
Detections of steelhead by seals began in early May and went all the way through September.  A total of 
~5,000 individual detections (pings) were recorded. Steelhead detected by Central Puget Sound seals were 
detected far outside the smolt migration period – July, August, and September. About 6‐7 tags were 
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continuously detected through the summer. It is assumed that these tags were likely stationary, possibly 
deposited near haul‐out sites. Another 8 tags were detected by periodically by seals. This could be 
infrequent because the tags were deposited out of normal foraging range for the seal, or because the 
steelhead were still alive and swimming about in Puget Sound.  
 
None of the detections suggested a direct mortality by any of the harbor seals outfitted with receivers.  
 
The next step is to overlay the GPS and depth data from the seals with the tag data, to better understand 
where the tag detections occurred.  These data should help determine whether the tags were stationary, 
indicating a steelhead mortality or whether they were moving, indicating steelhead residency behavior.  
These data should also help isolate where the mortality is occurring, to better determine who the 
potential predators are. The number of encounters between seals and steelhead do further reinforce the 
hypothesis that seals are preying on steelhead. However, other predators, such as cormorants, could be 
causing the mortality and depositing tags at sites that result in a high number of detections by seals. In 
concert with this work, as described in the predator identification section, above, Pearson is working to 
describe cormorant colony locations throughout Puget Sound.  
 
Suggested future activities include repeating the encounter study but focusing more on the sites where 
the most likely potential predators (cormorants and harbor seals) aggregate and poop. Berejikian 
estimates that we could determine the fate of 60‐80% of the steelhead released doing this. Furthermore, 
Harbor seal consumption of tagged steelhead could be estimated from: the number of stationary tags 
near haulouts; estimates of the probability that a seal poops near a haulout location (use dive data); the 
number of seals per haulout expanded by number of haulouts in study area; and monitoring reference 
areas infrequently visited by harbor seals. Ultimately, if harbor seals are the culprit, the trick will be finding 
ways to identify those seals that specialize in preying on steelhead.  
  
Acoustic telemetry: dinner bell hypothesis (Berejikian) – Substantial concerns have existed regarding 
marine mammals’ ability to hear acoustic tags, biasing the results of survival (and predation) studies. 
Studies of adult salmon below Bonneville Dam indicate higher predation rates on salmon with pinging 
tags versus those without. To test the potential for this dinner bell effect occurring on outmigrating 
steelhead smolts, a group of Nisqually juvenile steelhead were implanted with tags that would not begin 
pinging for 10 days, the approximate time it takes for steelhead fish from the Nisqually to migrate through 
Central Puget Sound. Survival rates of steelhead with delayed tags were then compared to survival rates 
of steelhead with tags that weren’t delayed. Equal proportions of continuous pinging and delayed pinging 
tags were detected as survivors to the Admiralty and Juan de Fuca acoustic receiver lines. And, as 
expected, fewer delay tags were detected by seals during migration window than continuous tags.  
However, after the migration window, continuous and delay tags detected in equal proportions. Although 
sample sizes are small, this indicates that the dinner bell effect is not significant. 

 
 

Fish condition as an ultimate (underlying) driver of OR contributing factor to early 
marine mortality 
 
Genome‐Wide Association Study of survivors versus potential non survivors (Ken Warheit, WDFW) 
A genome‐wide association study (GWAS) is being performed by Ken Warheit (WDFW) to discover 
genomic differences between outmigrating steelhead smolts that survived to open ocean entry (exiting 
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Strait of Juan de Fuca) versus those smolts that died somewhere within the Salish Sea (using DNA collected 
before releasing acoustic tagged smolts in 2006‐2009 and 2014). To date, the sample run list has been 
created, with a focus on ensuring there are a sufficient number of survivors included in the set to provide 
adequate contrast with non survivors. Preliminary results of this work will be available in early 2015.  
 
 
Fish Health Assessment (Martin Chen, NWIFC; Sandie O’Neill, WDFW; Paul Hershberger, USGS) 
A field assessment of juvenile steelhead health as they migrate from fresh water habitats through the 
marine systems of Puget Sound was conducted to detect signs or symptoms of disease that may impair 
their survival in Puget Sound. The assessment targeted five watersheds—Nisqually, Green/Duwamish, 
Snohomish, Skagit and Tahuya—and major marine basins in Puget Sound. Steelhead were collected and 
compared in three general locations: 1) the freshwater environment (hatchery release and in smolt traps), 
2) the estuary (using fyke net locations and beach seines), and 3) the marine environment (purse seines). 
Toxic and Nanophyetus salmincola burdens were the primary factors evaluated based upon an initial 
assessment of factors that could be affecting fish health. Outmigrant lipid levels were also evaluated as a 
general indicator of fish condition. See the Puget Sound steelhead marine survival research plan (2014)8 
for more details on this. 
 
Toxic contaminants and lipid levels (O’Neill) - Composite samples were tested fish for lipid levels and 
contaminant loads. The analysis focused on wild fish from Skagit, Green/Duwamish, and Nisqually 
populations because they had sufficient marine and freshwater sample sizes for contaminant analysis. 
Overall, contaminants are generally below thresholds for adverse effects to fish health; however, low lipid 
levels combined with contaminant and high Nanophyetus loads, especially for Nisqually steelhead, may 
affect steelhead health. 
 
Lipid levels were considered low enough to warrant further investigation for the sites evaluated (generally 
1% mean), particularly in the Nisqually offshore (<1%). In other studies, lipid levels less than 1% have 
previously been associated with overwinter mortalities in rainbow trout. Lipid levels were not significantly 
different among sites; however, the power to detect significant differences is low due to low sample sizes.  

Concentrations of PCBs (Total Polychlorinated Biphenyls) were fairly low; only one sample (Nisqually 
offshore) exceeded the PCB adverse effects threshold. Low lipid levels affect this metric: contaminants 
are lipophilic. If lipids are high, then contaminants bind to lipids and are sequestered in the fish body, but 
if lipids are low, contaminants circulate and produce negative effects. PCB levels in chinook from the same 
rivers and locations were about twice as high as steelhead, likely due to increased residence time and 
exposure in the lower river and estuary as a result of life history. Concentrations of DDTs were well below 
the adverse effects threshold and were similar to levels observed in chinook from the same locations. 
Concentrations of PBDEs (∑11 Polybrominated diphenyl ethers) were significantly higher in the steelhead 
collected from the Nisqually (especially the estuary samples) than the Green/Duwamish and Skagit river 
systems, and steelhead PBDE levels were generally (1.1 to 3 times) higher than chinook collected from the 
same locations. All locations had one fish that exceeded levels necessary for increased disease 
susceptibility, and one Nisqually fish was above the threshold at which thyroid hormone production is 
altered. However, based on these initial results, as expected, contaminants aren’t at a level that would 
explain the high mortality rates. Due to low their lipids levels, PBDE (and PCB) levels in Nisqually steelhead 
may be high enough to affect their health, so follow analysis of lipid levels and the source of PBDEs in the 
Nisqually may be warranted.  

                                                 
8 Available at www.marinesurvivalproject.com 
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Next steps include: completing the analysis of offshore samples, PAH burdens, and the statistical analyses 
of biological metrics (length, weight, condition factor); preliminarily investigating the source of high PBDE 
levels in the Nisqually; complete offshore samples and perform a broader analysis (more, individual 
samples from more sites) of lipid levels to further assess the risk it may pose, and potential changes during 
outmigration and potential differences among populations, especially when comparing Nisqually and 
Skagit (areas with high vs no Nanophyetus burden). Suggestions for future studies include comparing lipid 
levels of Puget Sound outmigrants to populations outside of Puget Sound that have higher survival rates 
to see if lipid levels are correlated with survival or simply a function of the smolt outmigrant life stage.  

 
Nanophyetus salmincola (Chen and Hershberger) – The prevalence and intensity of the parasite 
Nanophyetus salmincola was assessed in wild and hatchery steelhead outmigrants. No Nanophyetus was 
found in the Skagit, Snohomish, or Tahuya watersheds. However, Nanophyetus was very prevalent (% of 
fish infected) in the estuary and offshore Green/Duwamish and Nisqually samples. These findings are 
consistent with south to north geographic distribution patterns of prevalence seen in Puget Sound via 
hatchery site assessments of coho, with the exception that Nanophyetus was expected in the Tahuya due 
to its close proximity to the Skokomish (that has Nanophyetus present).  Overall, Nanophyetus  is more 
prevalent and intense (higher total cyst counts per fish) in the Nisqually River versus the Green River, with 
the exception of high prevalence and intensity found in Soos Creek hatchery steelhead samples collected 
at the hatchery itself. There was also a strong correlation between low condition factor and high intensity 
of Nanophyetus infections. Fish with low to no parasites ranged from high to low condition factor, but no 
fish with high parasite density had high condition factor. However, initial analyses of the acoustic tag data 
suggest no correlation between condition factor and early marine mortality. 
 
In the Green/Duwamish, % of fish sampled that had the Nanophyetus parasite (prevalence) increased as 
fish moved downstream, with the greatest combination of prevalence and intensity in the estuary. Within 
the Green/Duwamish, when sampled at the hatchery rearing locations, the Soos Creek hatchery fish had 
high prevalence and cyst counts, whereas the Icy Creek and Flaming Geyser hatchery fish were very low 
to negative and, at the trap, wild Green/Duwamish fish were low. The results of this hatchery fish 
assessment support the recent management action to rear steelhead at Icy Creek and Flaming Geyser 
versus Soos Creek Hatchery as a method of reducing the incidence of Nanophyetus infection on site. 
 
In the Nisqually, almost 100% of the fish sampled were infected at the trap and estuary sites, and 3 of the 
4 fish collected offshore were infected. And, the cyst counts were high at all sites, with the greatest 
infection intensity in the estuary samples.  
 
As a supplemental activity, steelhead infected with high level of Nanophyetus (Soos Creek Hatchery – 
Green River) were compared to steelhead without Nanophyetus  (Marblemount Hatchery ‐ Skagit River) 
in a simple saltwater challenge. These fish were held for 90 days in tanks and were fed regularly. There 
were no mortalities in either population, suggesting that saltwater transition combined with intense 
Nanophyetus infections does not lead to mortality. And, no cyst shedding was observed, indicated that 
steelhead do not “recover” from a Nanophyetus infection. Instead, pathologists believe tissue forms 
around the cysts, encasing them and likely providing a level of protection. Unfortunately, this study did 
not include steelhead freshly infected with Nanopheytus, when the parasite is burrowing through the 
fishes’ muscle tissue. Instead, the steelhead were infected for some time and could have already encased 
the cysts in their kidneys. Other studies illustrate reduced swimming performance with increased levels 
of Nanohpheytus infection, during the first two weeks following infection by the parasite. Since it appears 
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there is a high contraction rate of Nanopheytus in the lower river and estuary areas, a study of Puget 
Sound steelhead assessing the effects of recent infections on swimming performance, especially in 
relation to the steelheads’ ability to avoid predators, is still considered valuable.  
 
Next steps include: completing histology analyses, finalizing a year‐long prevalence and intensity survey 
of Nanophyetus infection at Soos Creek Hatchery, completing the analysis of saltwater challenged fish, 
and completing a the test a drug treatment to remove Nanophyetus cysts from infected coho. Suggested 
future studies included assessing cyst burden in muscle tissue, swimming performance challenges with 
newly infected fish, abundance surveys for snail host and parasite cercaria, fry mortality due to parasite 
infection, and assessing Nanophyetus in returning CWT adult fish (or possibly stocks that are genetically 
identifiable) – but samples must be captured before entering the estuary; there is risk of reinfection 
otherwise. Also, a course evaluation of the change in Nanophyetus prevalence and intensity over time 
may be possible by looking at historic data from hatchery coho assessments. Tom Quinn’s student, 
Timothy Dalton did a relevant assessment during the time period of higher survival (mid 1980s).  The will 
be investigated. 
 
 

 


