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Executive Summary

The following is the second year-end report for the Salish Sea Marine Survival Project: the joint U.S. –
Canada effort to determine the primary factors affecting the survival of juvenile salmon and steelhead in
the Salish Sea marine environment. This project is coordinated by the Pacific Salmon Foundation (PSF)
for the Canada and Long Live the Kings (LLTK) for the U.S. Puget Sound. This is a complete year-end
report (January 1, 2015-December 14, 2015).

In 2015, the U.S. and Canadian teams completed another successful field season of physical water
properties, zooplankton and juvenile fish sample collection. 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 for
the sampling program and utilize them and others for salmon sampling. The Canadians have also
implemented a community-based, citizen science sampling program, utilizing volunteers to water
quality and zooplankton data throughout the Strait of Georgia.

In the Strait of Georgia, work has focused primarily on the Cowichan, Puntledge, Big Qualicum and
Fraser watersheds. The full Canadian research program was implemented in 2015, developed and
tailored based on lessons learned during 2014. In the U.S., zooplankton collaborators sampled all basins
of Puget Sound from March to October 2015 with consistently very good sample quality. Analysis of the
longer-term JEMS zooplankton data from confluence of Puget Sound and Strait of Juan de Fuca (near
Admiralty Inlet) is in progress, and initial results suggest strong correlations between aspects of the
copepod community and coho marine survival. Now that the zooplankton program has been
established, LLTK and the project partners are working diligently to secure long-term funding so that a
long-term time series can be established. A third year of funding was secured by the Tulalip Tribes for
2016 while we work on long-term funding. Juvenile Chinook, and some coho and steelhead, analyses are
in progress; there is a high likelihood that fish processing and analysis will be a focus in 2016 rather than
intensive sampling, given the large amount of samples not yet processed, lower available funds as other
work comes online, and the need to build out from fish to drivers of survival. A life-history model was
completed for Skagit chinook that suggests density dependence in the watershed leads to smaller
outmigrants and lower survival.

Researchers completed three peer-reviewed publications1,2,3 and three technical reports4,5,6 in 2015. The
Puget Sound Steelhead Workgroup also completed summary reporting of 2014 results7 and planned
Zimmerman et al. 2015. Spatial and temporal patterns in smolt survival of wild and hatchery coho salmon in the
Salish Sea. Marine and Coastal Fisheries: Dynamics, Management, and Ecosystem Science, 7:1 (116-134). DOI:
10.1080/19425120.2015.1012246.
2
Moore et al. 2015. Multi-population analysis of Puget Sound steelhead survival and migration behavior. Marine
Ecology Progress Series, 537 (217-232). DOI: 10.3354/meps11460.
3
Berejikian et al. in press. Predator-prey interactions between harbor seals and migrating steelhead smolts revealed by
acoustic telemetry. Marine Ecology Progress Series. 10.3354/meps11579,
4
Pearson et al. 2015. Identifying potential juvenile steelhead predators in the marine waters of the Salish Sea. Salish
Sea Marine Survival Project Technical Report. Washington Department of Fish and Wildlife, Wildlife Science
Division, Olympia, WA.
1
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additional 2016 predation and disease studies8. The first manuscript of the Salish Sea Marine Survival
Project, "Spatial and Temporal Patterns in Smolt Survival of Wild and Hatchery Coho Salmon in the Salish
Sea" confirmed the pronounced decline and limited recovery of marine survival in the Salish Sea versus
other regions, and documented basin variation that may help elucidate survival drivers. A
complementary retrospective study on Chinook survival has been recently completed, with a
manuscript in progress. All reports and manuscripts will be available shortly via
www.marinesurvivalproject.com.
The 2014 US-Canada retreat focused on reporting the status of the Salish Sea Marine Survival Project,
initial findings and addressing project gaps. The 2015 retreat helped establish additional focus on crossborder research alignment, research gaps, and steps to build from proximate to ultimate causes of
mortality, as well as comprehensive approaches to data synthesis and visualization. Retreat reports are
posted on the project website a few months following each retreat and should be considered
complementary to our progress reports to the Southern Fund Committee.
Research alignment throughout the Salish Sea is occurring by operating under a single overarching
research framework, focusing on similar operational hypotheses, and aligning specific sampling
approaches: especially, with bottom-up sampling (salmon/zooplankton/physical), where protocol have
been shared and reviewed by participants on each side of the border, specific samples are being taken
consistently, etc. Alignment will continue to evolve through the development of a common suite of
ecosystem and salmon metrics, a cohesive modeling approach, and a cohesive data management
approach. LLTK hired an ecosystem indicators specialist to facilitate these efforts. The current plan is to
use a single ecosystem indicators framework for the entire Salish Sea, and allow for multiple ecosystem
(e.g., food web) models. The multi-model approach is consistent with the perspective that more models
allows for cross validation and improves the validity of the results.
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 wholly or in part) by PSC funds in
2015. 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.

Kemp and Keister. July 2015. Zooplankton community patterns in Puget Sound: description of a 20-year
qualitative dataset. Salish Sea Marine Survival Project Technical Report. Long Live the Kings, Seattle, WA.
6
O’Neill et al. October 2015. Toxic contaminants in juvenile Chinook salmon (Oncorhynchus tshawytscha)
migrating through estuary, nearshore and offshore habitats of Puget Sound. Salish Sea Marine Survival Project
Technical Report. Washington Department of Fish and Wildlife, Olympia, WA.
7
Puget Sound Steelhead Marine Survival Workgroup. December 2015. Salish Sea Marine Survival Project – Puget
Sound Steelhead Marine Survival: 2013-2015 research findings summary. Long Live the Kings, Seattle, WA.
8
Puget Sound Steelhead Marine Survival Workgroup, December 2015. Salish Sea Marine Survival Project – Puget
Sound Steelhead Marine Survival: 2015-2017 Research Work Plan. Long Live the Kings, Seattle, WA.
5
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Overview

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

The progress report is divided into 3 sections, a format that we will continue to use throughout this
project. Previously, we had separated Research Activity descriptions. However, as the project
progresses, we will simply be migrating the activity descriptions to the www.marinesurvivalproject.com
site and only introducing new research activities and reporting on status and findings here:
A. Project Management

B. Research Activity Status and Recent Findings
C. Budget and Funding Updates

This is a complete year-end report (January 1, 2015-December 14, 2015) providing information on the
status of all projects. Detailed descriptions of each research activity can be found on the joint project
website, www.marinesurvivalproject.com and in documents listed in the “Resources” page on that site.
Details on U.S.-Canada alignment, and project management were also provided to PSC in the report
“Salish Sea Marine Survival Project – Project Foundation, Operating, and U.S.-Canada Alignment Plan”
February 2015.
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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 funding9, ensuring appropriate alignment throughout the Salish Sea,
establishing and maintaining project outreach and communications, and working to create the
necessary funding mechanisms for the length of the research effort.
The following is a compilation of the key activities, illustrated in 3 categories: project staffing, project
development and coordination, and communications.

A1. Project Staffing

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

Canada

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


Dr. Isobel Pearsall, PSF, Project coordinator



Dr. Brian Riddell, CEO PSF, Science Lead.



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





Tim Sucic, VP, Operations, PSF, for accounting, finance, audit, HR, reporting, corporate filing,
governance.
Elayne Sun, Communications Coordinator, PSF, for communications and media.

To fill critical gaps in field support during 2015, PSF:


supported two technicians: Oline Luinenberg and Colin Novak, and a phytoplankton taxonomist,
Svetlana Esenkulova.

United States

LLTK project development, management and field support staffing:


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



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




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

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

In Puget Sound, portions of some of the research activities are funded directly via other sources not administered
by LLTK
9
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Dr. Kathryn Sobocinski, Research Ecologist. LLTK has hired a lead investigator on ecosystem
indicators (under the guidance of a managing PI, Dr. Correigh Greene, from NOAA) and
supporting pulling all information together and assessing status/progress. This position will be
stationed at NOAA Fisheries, but paid for directly by LLTK as term staff. She attended the
December 2015 retreat, but her official start date is January 19 th 2016.

Josh Chamberlin, Research Biologist. LLTK directly supported Josh Chamberlin during a NOAA
contract lag (September 2015-February 2016) for his work on diagnosing critical growth periods
for juvenile Chinook, described in section B1.6. This re-direct is explained in the budget
narrative. Direct funding for Josh was deducted from the total allocation to NOAA for their
involvement in the work.
Derek Aterburn, Technician. Derek was hired in conjunction with U. Washington work study
program to support Dr. Dave Beauchamp’s lab. For a nominal cost share, additional support is
being provided to increase processing capacity given the large number of samples being handled
by the lab.

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, Colin Novak, and Svetlana
Esenkulova. For LLTK, this includes staff time and payments to Natasha Dworkin.

A2. Project Development and Coordination

The following are the project development and coordination activities that have been completed over
the reporting time period. They include both joint and independent work.

United States (LLTK) and Canada (PSF)









Maintained an up-to-date comprehensive website describing the project, background, purpose
and details of research activities (www.marinesurvivalproject.com). This site will continue to be
the primary mechanism for encapsulating critical details about the project and communicating
with the interested public.
Held bi-weekly meetings between the US and Canadian project coordinators, Michael Schmidt
and Isobel Pearsall.
Held management and fundraising meetings between key LLTK and PSF staff.

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

Hosted, coordinated, and facilitated the 2015 annual winter retreat for key project participants
on Dec 8-10 in Richmond, B.C. Researchers provided updates on findings, participated in breakout sessions to evaluate the current status of the project and narrow down project hypotheses,
and discussed data synthesis, data visualization, and US-Canada alignment needs.
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Completed the report from the 2014 US-Canada Retreat describing research status, findings,
and project needs (available on the resources page of marinesurvivalproject.com.)

Canada - PSF






Implemented the complete 2015 Research program, including: habitat restoration, zooplankton
sampling, modeling, telemetry studies, genomics, juvenile salmon sampling, oceanography,
marine mammal studies and the citizen science program.
The 2015-2016 Canadian SSMSP Research Plan and a Canadian SSMSP project backgrounder
were completed and posted to the website marinesurvivalproject.com

Continued to work on developing a juvenile salmon identification card in coordination with LLTK
staff and researchers from U.S. and Canada.
Held the 2015 SSMSP Canadian Retreat on November 10-11 in Nanaimo, B.C.

Met with the Canadian SSMSP Science Team and Oversight Committee during November 2015,
to assist in development of the 2016 program.

United States - LLTK








Facilitated U.S. Coordinating Committee meetings in January, August, and November to review
project findings, oversee work plan development, and assess project activities from an
application-to-management perspective. The Coordinating Committee consists of lead sciencemanagement representatives from the agencies, tribes, and academia.
Facilitated U.S. Technical Team, Workgroup, and Task Team meetings throughout the year to
coordinate research activities and integrate preliminary results across disciplines.
Executed several new sub-awards (see research status and findings section).

Updated protocols for the salmon and zooplankton sampling, and held implementation
meetings to ensure consistent methodology and goals for all collaborators for 2015.
Began to develop framework for supporting next steps in research development.

Completed the Puget Sound Steelhead Marine Survival: 2013-2015 research findings summary
and developed the Puget Sound Steelhead Marine Survival: 2015-2017 Research Work Plan (Not
PSC funded, but worth reporting. Steelhead work funded via a Washington State Appropriation).

A3. Communications- United States and Canada

The following are the communications activities that have been completed over the reporting period.
They are reported jointly given the significant overlap and coordination.



PSF presented the project as the primary theme of their 2015 Gala Event as well as at their
various fundraising dinners throughout B.C. LLTK also presented the project as the primary
theme for their 2015 annual dinner in April.

PSF worked with Discovery Channel to produce a Daily Planet show on the marine mammal
project at Big Qualicum. This project also was aired several times on Shaw TV and on CTV. View
at:
o http://review.bellmedia.ca/view/144693485
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http://vancouverisland.ctvnews.ca/video?clipId=612595
https://youtu.be/SPGiDaGaIZI?list=PLRSwDpSO92L0V77ODSR-ZnywSrRMUueYN

In Puget Sound, work to track Nisqually and greater Puget Sound steelhead early marine
mortality was in the news.
http://www.king5.com/story/tech/science/environment/2015/05/26/steelhead-tagstrack-mortality/27995913/
http://nwifc.org/2015/05/did-a-winter-visit-by-orcas-help-puget-sound-steelhead/
http://www.eopugetsound.org/magazine/disease-salmon

PSF and LLTK continue to moderate the various BaseCamp sites, including a communications
resources site for project participants to help them communicate about the project (includes
stock presentations, photos, video, language/messaging resources, etc.).
LLTK and affiliated scientists from the US and Canada presented Project status reports at the
2015 Salmon Ocean Ecology Meeting and the Washington State Salmon Recovery Conference
(US only). LLTK also presented the status reports to the Washington Salmon Recovery Funding
Board and Puget Sound Ecosystem Monitoring Program Oversight Committee. In August, LLTK
presented the project to the Washington Fish and Wildlife Commission.

LLTK is now assisting with salmon ocean ecology communications throughout the eastern
pacific. Inspired by conversations at the Salmon Ocean Ecology meeting, LLTK worked with
NOAA NWFSC to establish a discussion forum that has been heavily used by folks sampling
marine waters and tracking marine and climate conditions, from California to Alaska.

LLTK, PSF and others hosted a full-day session at the August 2015 American Fisheries Society
meeting in Portland, OR. The session focused on recent findings in Salmon Ocean Ecology,
spanning the Atlantic and Pacific Oceans.

PSF and LLTK developed a template for acknowledgement of the project (and associated
funding) in publications and presentations.
Updated the project website, www.marinesurvivalproject.com and organization web sites.
Updated fundraising media, including flyers, appeals, and 2-page project descriptions.

Continued to create photo and video stock with professional photographers. PSF continued to
procure video and photographic footage of key activities, including the marine mammal studies
in Big Qualicum area, deployment of the new acoustic arrays, research on the Ricker and the
citizen science activities.
PSF held a SSMSP Donor Session on December 7, 2015, with presentation by Dr. Riddell and a
poster session from selected project PIs.

PSF produced a glossy donor brochure with key findings from the project, distributed at the
December 2015 Donor Reception.

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

Below we report on the studies that have been funded directly (either wholly or in part) by PSC funds in
2015. A brief overview of each of these studies is provided in the Research Activities section of the
marinesurvivalproject.com web site.

Hypotheses

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

1. Bottom-up processes—including weather, water, and plankton—that drive juvenile Chinook,
coho and forage fish prey availability have changed, and salmon aren’t able to compensate. This
is limiting salmon growth and survival.
2. Top-down processes have also changed. Primarily, there are more predators eating steelhead,
resident salmon and larger forage fish.

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

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

Research Categories

Three categories have been established that organize and define the U.S. and Canadian research: 10
1. Bottom-Up Sampling Program and Individual Studies
2. Top-Down Studies
3. Trend Analyses and Modeling

Current Approach

Work in Puget Sound and the Strait of Georgia is building out from specific watersheds into the marine
environment. In Puget Sound a broad, bottom-up focused program is underway, utilizing the Nisqually,
Snohomish, Skagit and Nooksack watersheds. In the Strait of Georgia, work initially focused on the
Cowichan watershed as a pilot during 2014, with a more comprehensive approach: focusing on both
top-down and bottom-up factors that may be affecting survival. This program was expanded during
January 2015 when the full Canadian program was implemented.
This represents a general framework. The effects of some factors, and affiliated research activities, do overlap
categories.
10
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Research alignment throughout the Salish Sea is occurring by focusing on similar operational hypotheses
and aligning specific sampling approaches: especially, with bottom-up sampling (salmon/ zooplankton/
physical), where protocol have been shared and reviewed by participants on each side of the border,
specific samples are being taken consistently, etc. Alignment will continue to evolve through the
development of a common suite of ecosystem and salmon metrics, a cohesive modeling approach, and a
cohesive data management approach.

The U.S. is utilizing the capacity of their large co-management structure combined with academic and
federal Principal Investigators to man the salmon and zooplankton sampling activities, and the existing
buoy and water quality sampling network managed by the University of Washington and Department of
Ecology to capture the physical properties of Puget Sound. The Canadians are also working with the
academic and federal Principal Investigators for the sampling program and utilize them and others for
salmon sampling. The Canadians have also implemented 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.

The sampling program builds out from specific watersheds within the Strait of Georgia and Puget Sound.
In the Strait of Georgia, the key watersheds of interest are the Cowichan, Puntledge, Fraser, and Big
Qualicum Rivers. Several of the key Canadian programs have been designed to augment a backbone of
oceanographic and biological sampling activities carried out by DFO each year in the Strait of Georgia.

B1.1 Physical characteristics and phytoplankton production- Canada

To collect data on the physical characteristics and primary production in the Strait of Georgia, a
combined approach has been implemented, utilizing buoys, CTD casts from the Canadian “Citizen
Science Program” and zooplankton sampling program, CTD casts from Canadian juvenile salmon
sampling efforts, remote sensing methods, and data collected from ongoing monitoring efforts led by
project partners (e.g., Canada’s FerryBox and FOCOS-BC Ferries program). Similar variables are collected
at most sites, with continuous information collected from buoys in a few key areas, together with timespecific information relevant to biological sampling events. Given that the physical monitoring
approaches are distributed, with sampling inconsistently distributed in space and time, circulation
models will be used to help expand the data and describe physical characteristics Salish Sea wide.
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Citizen Science Program
Team: Mike Dempsey (DFO-IOS), Eddy Carmack (DFO-IOS), Jane Eert (DFO-IOS), Svein Vagle (DFO-IOS),
Ryan Flagg (UVic), Marlene Jeffries (UVic), Benoît Pirenne (UVic), Jessica Stigant (UVic), Maia
Hoeberechts (UVic), Adrian Round (UVic), Kelly Young (DFO-IOS), Linda White (DFO-IOS), Oline
Luinenberg (PSF), Svetlana Esenkulova (PSF) and the many citizen scientists around the Strait of Georgia.
Budget Category = “BIOLOGICAL OCEANOGRAPHY” number 1 on the PSF budget provided below.
Includes payments to Linda White for nutrient and chlorophyll analyses, for stipends to citizen scientists,
for monies to ONC for engineering and data support, and app development, and for the CTD and other
equipment for the 9 citizen science vessels that were outfitted.
Objective:
To allow for oceanographic sampling and monitoring in the Strait of Georgia at a spatial scale not
possible before.
Background:
This program was originally proposed by Dr. Eddy Carmack, retired scientist from the Institute of Ocean
Sciences, Sidney. His concept was the creation of a “mosquito fleet” which would utilize fishing vessels
to collect oceanographic data during the spring and neap tides at specific locations in coastal waters of
the Strait of Georgia. This retirees or interested persons would take on a role as citizen scientists,
collecting information in different areas of the Strait on the same days each week over a period of
months, such that the entire Strait could be fully sampled, providing data at a spatial and temporal
degree that has not been realized or possible before. PSF has partnered with DFO, and with Ocean
Networks Canada (ONC) to assist with program management for the citizen science program.
IOS scientists initially divided the Salish Sea into overlapping areas that they suggested could be covered
by a small boat in one or two days of sampling effort. These include:
 Campbell River
 Union Bay
 Qualicum
 Nanaimo
 Cowichan Bay
 Sooke
 Lund
 Irvine’s Landing
 Sechelt
 Steveston

Having citizen scientists make oceanographic measurements in each of these areas, on the same day
one to three times a month between February and October, allows for complete coverage of the Strait
of Georgia. The data collected will allow us to assess annual variation in the physical/chemical
oceanography in the entire Salish Sea and to estimate phytoplankton biomass. These data will be very
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useful to modeling initiatives, and for understanding spatial and temporal changes in productivity of the
Strait.

The work done on the vessels Elvis and Dr. Carmack’s vessel Wicklow in the Cowichan during 2013 and
2014 served to test equipment and refine the methodology for this program.

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

 Along with the CTD profiles water samples are taken for nutrients dissolved in the seawater – these
samples are analysed back in the lab. Nutrients are used to identify water from certain sources (like
rivers), to diagnose the limiting factors for growth of plankton and track the movement of water
masses.
 The third element is a small plankton net intended to capture zooplankton. This net is lowered to a
maximum of 150m and brought up at a specified speed to capture plankton. A flowmeter in the
mouth of the net will measure the volume of water that flowed through. Once back on board, the net
is washed down with filtered seawater and the zooplankton collected from the cod end and preserved
in formalin. Again these samples are returned to the lab for analysis of abundance and species found.
Currently, zooplankton samples are collected from the Baynes Sound and Sechelt boats only.

 The fourth element is the use of a secchi disk which is used to 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.

Status:
The program was begun in February 2015, with all vessel operators fully trained to carry out the
program on the first “shakedown” cruises. PSF staff trained all the citizen scientists, and a PSF
videographer developed a training video.

On February 27 a Citizen science symposium was held at Deep Bay Marine Station was held so that all
the citizen scientists could get together with the scientists that developed the program, discuss routes,
use of the tablet, and provide feedback.
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Overall, boats sampled 20 days in the Strait of Georgia. In the case of poor weather conditions, sampling
dates varied by 1-2 days either side of the proposed date. The dates were chosen based on spring/neap
tides, and the sample locations were decided upon by oceanographers at the Institute of Ocean
Sciences, Sidney.

Currently, the program has vessels outfitted and actively sampling the Strait of Georgia from Campbell
River, Deep Bay, Qualicum, Cowichan Bay, Victoria, Lund, Powell River, Sechelt and Steveston. The
number of sampling stations and distances in each sampling developed by the oceanographic science
team proved to be unrealistic to accomplish in a reasonable day at sea for some of the areas (Baynes
Sound, Nanaimo/Qualicum, Irvine’s/Sechelt and Victoria). In early March, and after some discussion at
the citizen science symposium, these areas were modified to ensure crew success and participation. In
May, water quality concerns by First Nations in Ladysmith Harbour resulted in PSF technicians including
5 additional stations in Ladysmith for sampling as part of the program. The figure below shows the
overall coverage of the Strait of Georgia:

Ocean Networks Canada has provided a smart phone application for sample data transfer so that data
can be transmitted directly to ONC, undergo QA/QC, archived and made freely available over the
internet. For the first two months of the project, CTD data transfers from the instrument to the tablet
and from tablet to ONC data centre created some problems, but initial issues were resolved by the ONC
technical team.
In total, over 2000 CTD casts were performed during 2014, and the following samples collected:
- Nutrients- 1300 samples, 100% processed
- Chlorophyll a- 99 samples, 100% processed
- Phytoplankton-1400 samples, 85% processed
- Zooplankton- 110 zooplankton samples from Baynes Sound and Irvine-Sechelt, 50%
processed
The table below show the total number of CTD casts performed for each vessel:
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Powell

Sechelt

Baynes

Nanaimo

Campbell

Steveston

Victoria

Cowichan

Ladysmith

TOTAL

total casts:

2

1

1

2

3

2

1

4

2

9

58

379

min casts per
trip:
max casts
per trip:
average casts
per trip:
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Many different products are being produced, such as 2D and 3D plots, plots of boat drift, and nutrients
by area. Some example products are shown below:

16

October-05-15

X

X

X

September-14-15

X

August-14-15

August-06-15

X

July-15-15

July-01-15

June-24-15

X

June-16-15

X

X

X

June-09-15

X

May-25-15

X

X

May-18-15

X

X

May-11-15

X

April-11-15

Marh 27, 2015

March-22-15
X

April-18-15

Nanaimo/
Qualicum
Baynes Sound

X

X

April-04-15

Cowichan Bay

X

March-12-15

Victoria

February-18-15

The following tables shows the number of trips completed by each boat:

X

X

X

X

X

Salish Sea Marine Survival Project

2015 Year-End Report

We are currently compiling and adding B.C. ferry data and data from other cruises from PBS and IOS to
this collection. Other ongoing work is to calibrate the fluorometers with the on-site Chla collections, to
include analysis of the secchi data, to compare the results for spring and neap periods and to compare
the current data with data archives from IOS for 1980s and 1990s (during the periods of coho/chinook
decline).
All data are freely available on the Strait of Georgia Data centre and Oceans 2.0 (at Ocean Networks
Canada).

There will be some changes to the program next year including the following:
 The Victoria vessel will be removed so that there is greater focus upon the Strait proper. To this
end, we will modify the route of the Stevesteon patrol, and add a boat out of Galiano Island.
 We will discuss adding measurements of ocean acidity with Wiley Evans (Hakai).

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

Objective:
The goal of this project is to determine the spatial-temporal dynamics of Salish Sea in the last fifteen
years using remote sensing and data acquired from vessels of opportunities to test hypotheses on
spatial and time domain fluctuations in the phytoplankton bloom phenology (timing, duration, and
amplitude) and water turbidity and environmental physical drivers.
Background:
SSMSP is utilizing a number of different approaches to examine bottom-up processes, including those
that provide information at various time and spatial scales. Satellites, radiometers, and other optical
sensors aboard of vessels of opportunity and buoys can allow for continuous and sustained data
collection. Operational ocean colour satellites such as MODIS-Aqua and the upcoming Sentinel-3 provide
a great opportunity for continuous data acquisition at high temporal resolution, and provide the data
required for a long-term monitoring program in the Salish Sea.

Maycira Costa is aiming to address specific knowledge gaps in spatial-temporal biogeochemistry of the
Salish Sea by using synergistic methods that include (i) ocean colour satellite imagery, (ii) sensors aboard
vessels of opportunity (FerryBox and FOCOS-BC Ferries), (iii) in situ data from research cruises, and (iv) in
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situ data collected from citizen science boats. A fifteen-year remote sensing data set will allow her and
her group to analyze the spatial-temporal phytoplankton bloom phenology of the Salish Sea in
relationship to environmental time series data (SST, Fraser discharge, turbidity, wind, light availability)
and global climate indices.

This project will allow the researchers to contribute to one of the primary objectives of the Salish Sea
Marine Survival Project (SSMSP), which is to determine if the “bottom-up processes driven by annual
environmental conditions are the primary determinate of salmon production via early marine survival”.
The proposal will also contribute to the “trend analysis and modeling” component of the SSMS project
by providing spatial temporal data that can be used to initiate and/or provide parameterization for the
models.
Status and Preliminary Results:
This project started in July 2015 and is on-going.

Chlorophyll climatology (2003-2014) indicates the seasonality in the Central Salish Sea, where lower
values (<5.0 mg m-3) are present at both beginning and end of year corresponding to winter conditions,
and higher chla values (10.0-20.0 mg -3) are present in the spring and summer periods. Further, often fall
bloom occurs where chlorophyll concentrations exceeding 5.0 mg m -3 occurred every year with the
exception of 2007. Typically, chla values in the Northern region are lower than 3.0 mg m-3 during winter
months.
The results from their yearly analysis (2003-2015) of MODIS-Aqua image indicated that the spring bloom
initiation on average happens on March 29 (day=88 ±4 days) and on March 20 (day=80 ±4 days) for the
Central and North Salish Sea, respectively. However, 2005 and 2015 had the earliest bloom initiation
dates with the Central region blooming on February 22 and 21 (±4 days), respectively, and the Northern
region approximately one week later on March 2 (±4 days).
The spring bloom is generally followed by a lower magnitude late summer or fall bloom.

Specifically, this work address the general hypothesis that the size of the salmon return is, to some
extent, related to the time of juvenile marine entry and the time of the zooplankton bloom and its
related phytoplankton bloom. Progress as related to the two key objectives is as follows:
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Objective 1: Derive fifteen years of spatial-temporal improved biogeochemical and SST products
based on present (MODIS - available since 2002) and future (Sentinel-3 to be launched in 2015)
ocean colour satellites. This is an on-going activity. Costa et al. will introduce imagery from
VIIRS, which has been recently defined by NASA as calibrated for deriving chlorophyll products.
Sentinel-3 will be lunched in December 10, 2015.

Objective 2. Define integration method to use data acquired from vessel of opportunities (BC
Ferry/ONC unattended continues FerryBoxes and Ferry ocean Colour Observation Systems FOCOS unattended continuous above-water reflectance from moving ferries crossing the Salish
Sea, and citizen science boats) to calibrate and validate satellite imagery and products. This is an
on-going activity. They have advanced in several fronts. An initial planning phase started in
September 2015, which has involved an extensive review of the SAS Solar tracker instrument
documentation with involvement with the manufacturer Satlantic. Additional planning work has
been carried out in the lab with engineered drawings of the two ships of opportunity, provided
by BC ferries, to establish accurate measurements of both vessels. With these drawing Costa et
al. were able to accurately determine a set of optimal locations to install the instruments. This
step has been followed by Measurements for testing data quality for the potential locations we
have established as being optimal for instrument setup. In regard to the involvement of the
citizen science boats, they have decided to first test the methods with data acquired by ferry
passengers. They have started to purchase the tablets to start to carry out tests with data
acquired by Ferry passengers.
The next steps will be the incorporation with VIIRS and Sentinel-3 imagery analysis, and in parallel they
will integrate data acquired by Dr. Ian Perry, Stephanie King, Svetlana Esenkulova, and Dr. Helen GurneySmith in the imagery analysis. Specifically, these data will include phytoplankton composition,
chlorophyll concentrations, and zooplankton. They will also evaluate the data collected by the citizen
science boats. This step will be followed by the analysis of the imagery derived/field data productivity
and fisheries data in collaboration with Dr. Neville, Dr. Trudel, and Dr. Godbout from DFO/PBS.
Sediment Traps
Team: Sophia Johannessen Research Scientist, DFO Institute of Ocean Sciences, Richard Thomson
Research Scientist, DFO Institute of Ocean Sciences, Robie Macdonald Research Scientist Emeritus, DFO
Institute of Ocean Sciences, Louis Hobson Professor Emeritus, University of Victoria, Marc Trudel
Research Scientist, DFO, Pacific Biological Station
Budget Category = “BIOLOGICAL OCEANOGRAPHY” number 3 on the PSF budget provided below. Due to
delays in the DFO contribution agreement, this project will be paid for during 2016 and details will show
up on the mid-year 2016 budget.
Objective:
The ultimate aim of this project is to relate juvenile fish health and survival to the timing and extent of
blooms and ultimately to the physical forcing that drives the productivity.

Background:
The survival of juvenile salmon during their first year in marine waters may be strongly affected by the
quality, quantity and timing of food available in the Strait of Georgia. Sophie Johanneson’s team wish to
develop an indicator that links physical conditions (stratification, circulation, winds) with the timing and
magnitude of phytoplankton blooms, the response by zooplankton, and the health of juvenile salmon.
Past data have been collected from sediment traps placed on a mooring in the northern Strait of
Georgia, providing a continuous record of sinking particles. This project will analyze four years of existing
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geochemical samples and data from the northern Strait to assist in the development of a quantitative
description of the relationship between timing and relative magnitude of phytoplankton and
zooplankton blooms, as compared with marine survival of juvenile fish during the same period.

If successful, the number of moorings, and associated sensors, may be increased in the future, and
studies will be developed to also relate ocean circulation and stratification and associated
meteorological conditions (winds and cloud cover) with the timing and extent of blooms.
Status:
Due to significant delays in finalizing the DFO collaborative agreement, this study will proceed January
2016.

High temporal resolution monitoring of surface water properties in the Salish Sea
Team: Stephanie King, Managing Director, Sea This Consulting, Jim Gower, DFO, Terence Learmonth,
Sea-going technician, Sea This Consulting
Budget Category = “BIOLOGICAL OCEANOGRAPHY” number 4 on the PSF budget provided below.
Objective:
To provide data that can be used by ecosystem scientists and modelers to describe bottom-up processes
impacting juvenile salmon.

Background:
Phytoplankton bloom timing and concentration is a major driver of the marine ecosystem and
potentially one of the keys to understanding the growth and survival of juvenile salmon in the Salish Sea.
High temporal resolution time series are required to adequately characterize phytoplankton variability
and explain how blooms impact food availability for salmon.
King and her team will continuously monitor phytoplankton for two years (2015-2016) using
fluorometers deployed at three locations in the Salish Sea. Sampling locations are at three locations as
shown in Figure 1 and will provide data in the relatively data-poor central and northern parts of the
Strait of Georgia (Halibut Bank, Sentry Shoal), as well as at the mouth of a coastal inlet (Egmont). Two
additional sensors have been deployed on the Sentry Shoal Buoy: SBE-37 MicroCAT, a temperature and
conductivity sensor and the Satlantic SUNA V2, an optical nitrate sensor. Both have been deployed at
the surface to provide a continuous time series of temperature, salinity and nitrate from April 2015.
The fluorescence time series builds on data collected as part of the Fisheries and Ocean’s Strait of
Georgia Ecosystem Research Initiative (ERI) during which fluorometers were deployed at Halibut Bank
and Egmont.

Figure 1. Three proposed sampling sites for chlorophyll
fluorescence time series in the Salish Sea.
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Status and Preliminary Results:
Oceanographic sensors were deployed and maintained from the beginning of 2015 onward at Halibut
Bank and Sentry Shoal, and in the spring only at Egmont. High temporal resolution time series were
collected for chlorophyll fluorescence, turbidity, temperature, salinity and nitrate with very few
interruptions due to fouling. Key results include 1) a clear start to the spring bloom on Feb. 21 in the
northern Strait and on Mar. 7 in the southern Strait; 2) demonstration of seeding from inlets using buoy
data and satellite imagery; 3) promising results from the new nitrate sensor show that nitrate can be
monitored autonomously and can help explain phytoplankton variability in the Strait.

The buoy monitoring program will support testing several of the SSMSP key hypotheses relating to prey
availability, productivity and the health of the ecosystem. The high temporal resolution dataset gives
context to the periodic sampling by the DFO and Citizen Science SSMSP monitoring.
The originally proposed objectives were met for this project. At Halibut Bank, a time series of
chlorophyll fluorescence, turbidity and temperature has been maintained since January (Figure 2). At
Sentry Shoal, chlorophyll fluorescence, turbidity and temperature have been monitored since February,
and nitrate and salinity since April (Figure 3). At Egmont, chlorophyll fluorescence was monitored from
January to April (Figure 4).

Figure 2. Chlorophyll fluorescence and turbidity at Halibut Bank in 2015. Blue vertical lines mark when instruments
were serviced. Data in late May and early June were removed due to fouling. The spring bloom started on Mar. 7
and reached a peak of almost 50 mg/m3 on Mar. 9. Intermittent increases in turbidity were likely from the Fraser
River plume. The chlorophyll fluorescence shows a strong daily cycle from non-photochemical quenching.
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Figure 3. Chlorophyll fluorescence and turbidity (top) and nitrate, temperature and salinity (bottom) at Sentry Shoal in 2015.
Blue vertical lines mark when instruments were serviced. Fouled data were removed leaving gaps in fluorescence and turbidity
data (top) in April and late July, and gaps in the nitrate data (bottom, black series) in late May. No fouling was observed in the
temperature and salinity data (bottom, blue and orange series).

The spring bloom started on Feb. 21 and reached a peak of almost 35 mg/m3 on Feb. 26. The turbidity
series (top, purple series) showed no influence from river runoff and varied mainly with chlorophyll (top,
green series). Several high nitrate events occurred through the summer and at the same time as high
salinity and low temperatures. These events were usually followed by increases in chlorophyll. The
chlorophyll fluorescence shows a strong daily cycle from non-photochemical quenching.

Figure 4. Chlorophyll fluorescence in the spring 2015 at Egmont. Fluorescence increased in late February and early
March. The spring bloom lasted from about Mar. 5 to 14 with concentrations between 5 and 9 mg/m3. The time
series shows daily dips explained by non-photochemical quenching.

Fluorescence Line Height (FLH) from NASA’s Moderate Resolution Imaging Spectroradiometer (MODIS)
onboard the Aqua satellite was used to provide spatial context for in situ measurements (Figure 5). FLH
has a linear relationship with chlorophyll at concentrations below about 20 mg/m3 and tends to
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perform better than the standard satellite chlorophyll products, with less confusing signal from aerosols,
sediment and dissolved organic matter.

In situ chlorophyll fluorescence at Sentry Shoal shows a rapid increase on Feb. 21 which is confirmed by
satellite image on the same day. A small, bright patch imaged on Feb. 14 in Desolation Sound indicates
possible seeding of the early bloom in the northern Strait. The FLH image from Feb. 28 suggests seeding
from Howe Sound and also shows a bloom in Sechelt Inlet. The Egmont fluorometer measured
increased fluorescence between March 1 and 5 as the Sechelt bloom moved into Jervis Inlet. This was
also observed in the Mar. 2 and 4 satellite images. The Halibut Bank data show the spring bloom starting
on Mar. 7, the same day that MODIS confirmed the spring bloom covering most of the Strait.

Figure 4. Fluorescence Line Height (FLH) from NASA’s Moderate Resolution Imaging Spectroradiometer (MODIS)
onboard the Aqua satellite was processed from level1B data. Compared to standard chlorophyll products, FLH
performs well in BC coastal waters with less confusing signal from aerosols, sediment and dissolved organic matter.

The monitoring program was carried out as planned. Fouling was an issue and several additional antifouling measures, such as applying copper tape to the instruments and attaching a copper painted
screen to the SUNA housing, were tested and implemented. The aluminum housings are now painted to
reduce corrosion. The deployment schedule for 2016 will also be changed to accommodate shorter
deployments in the spring/summer and longer deployments in the fall/winter.
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Cowichan Bay Oceanographic Studies
Team: Svein Vagle (DFO-IOS), Mike Dempsey (DFO-IOS), Eddy Carmack (DFO-IOS), Jane Eert (DFO-IOS)
Budget Category = “BIOLOGICAL OCEANOGRAPHY” numbers 5a and 5b on the PSF budget provided
below.
Objective:
The objective of this study is to obtain spatial and temporal water property data for Cowichan Bay
during the important fish migration period from April to August. The aim is to understand nutrient
cycling, variability in food supply (phytoplankton and zooplankton), the movement of fish, their
predators, and ultimately the survival rate and the primary factors controlling this survival rate.

Background:
A repeat sampling grid covering Cowichan Bay and immediately connected waters was established in
2013 and was sampled on weekly intervals during April to June 2013, and from April to July 2014 for
temperature, salinity, chlorophyll fluorescence, nutrients and zooplankton. These oceanographic studies
are carried out concurrently with fisheries assessments by researchers from PBS and are continuing in
spring-summer 2015.
These data are augmented with both shorter term (order of hours from small boats), medium term
(order of several months from acoustic mooring) and order of year (from oceanographic moorings).
Three moorings were deployed in 2014 in Cowichan Bay and Satellite Channel with temperature,
conductivity, pressure, and fluorescence sensors. The mooring program will extend until April 2016, and
will tie together the weekly intense water-column sampling.
As a result of the 2013 and 2014 field work in Cowichan Bay it has become clear that new approaches
are desirable to monitor both the temporal and spatial variability in fish movement within Cowichan
Bay. Specifically, researchers wish to determine whether the migrating juvenile salmon leave the river at
certain times and migrate into the bay in certain locations, and to assess the interaction between the
young salmon and their predators. An upward pointing Acoustic Zooplankton and Fish Profiler (AZFP) is
being used to monitor the water-column outside the river mouth for both juvenile salmon, zooplankton,
phytoplankton, and larger predatory fish between April and June 2015.

The deployment of the AZFP, listed above, will provide information on timing and species composition
(e.g. the use of 4 frequencies will allow for identification of fish versus zooplankton versus
phytoplankton). In addition, an Imagenex digital multi-frequency imaging sonar will be mounted from
smaller boats to survey the fish habitat near-shore and to observe the spatial variability in the biomass
in the bay.

Early marine habitat use is a critical component to the Cowichan Bay study, and thus the team will also
work with Nikki Wright from the Seachange Conservation Working Group to interpret multibeam data
collected by CHS in the area in the spring of 2014, locate and use available bottom classification data
sets, and to make surveys along the shore of Cowichan Bay using both available video and acoustical
systems and the Imagenex imaging sonar.

The long-term objective is to be able to interpret the biological observations (phytoplankton,
zooplankton, and fish abundance and species composition) in the Cowichan Bay area to determine the
primary factors controlling Chinook and Coho early marine survival.
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Status:
Moorings have been deployed in Cowichan Bay and Satellite Channel continuously since June 2014 and
until the spring/summer of 2016 to measure water movement and type (Temperature, Salinity,
acoustical Doppler current profiler) and productivity (Fluorometers). These data will be interpreted
during the winter of 2015/2016 before the end of the project. The location for the three moorings are
shown below. An ADCP (measuring currents and 300 kHz backscatter) was deployed at the station
MCBN shown below.

The two boats used for PSF research in Cowichan Bay and surrounding waters were serviced in January
and are now both fully operational. Since January 2015, a number of missions have been made to collect
depth profiles of temperature, salinity, oxygen, and fluorescence at 13 stations in and around Cowichan
Bay. These data have been downloaded to ONC as part of the Citizen Science program. Net tows and
nutrient sampling have also been parts of this research. A 100 kHz sidescan sonar system has been
tested in Patricia Bay, and used in Cowichan Bay in mid June.
From May 16, 2015 to July 24, 2015 a 4-frequency (125, 200, 455 and 769 kHz) backscatter sonar system
was deployed in Cowichan Bay to continuously identify and count fish targets and function of time and
water-column depth. This state-of-the-art multi-frequency backscatter sonar system (AZFP) provides
multi-frequency data which will be used in an attempt to identify target sizes. These data will also be
echo-integrated to obtain time-series of zooplankton and perhaps phytoplankton abundance. In
addition, the data will allow for identification of seals to investigate fish-seal interactions in the area
being investigated.
A 300 kHz Imagenex sonar system was delivered by the end of May. The eelgrass and bottom habitat
surveys, originally scheduled for February were postponed to June and September 2015 so that the
Imagenex system could be included in this work. Acoustic surveys took place using Wicklow and the two
IOS boats.
The figures below show examples of data from MCBN and AZFP moorings:
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Tides from pressure sensor
and AZFP showing neap and
spring tides.

Wind speed from sensor on
sawmill dock showing the
strong diurnal summer signal.
Fluorescence (green) and
temp-erature (red) at
approximate depth of 15 m
(see black line in bottom
panel).

Solar radiation from weather
station on sawmill dock.

Averaged backscatter at 200
kHz referenced from the
ocean surface.

Data analysis for this project are ongoing. The above listed observations will be used with tidal
information, solar radiation, wind information, fluorescence and nutrient information as well as current
data and water mass properties from the different moorings and from the Citizen Science observations
to look for correlations and relationships that relate to survival of Salish Sea wild and hatchery salmon.
Work in progress based on Sounder and Moorings Data includes:
• Identification and counts of individual fish targets as function of time
• Use of multi-frequency data and target strength information to attempt to identify size
• Echo-integration to obtain time-series of zooplankton, and perhaps phytoplankton abundance.
• Identification of seals as function of depth and time.
• Interpretation of the above findings using tidal, solar radiation, wind, fluorescence, nutrient, as
well as current data and water mass properties from the moorings and from the Citizen Science
observations.
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Coupling state-of-the-art chemical oceanography with biological relevance: examining phyto- and
zooplankton populations in a dynamic coastal environment.
Team: Dr. Helen Gurney-Smith, Research Scientist and Manager, Head of Shellfish Health and Husbandry
Group, Centre for Shellfish Research, Vancouver Island University, Dr. Eric Peterson, President and
Founder of the Tula Foundation, Dr. Wiley Evans, Research Associate, Pacific Marine Environmental
Laboratory in Seattle Washington (National Oceanic and Atmospheric Administration) and the University
of Alaska Fairbanks Ocean Acidification Research Centre in Fairbanks Alaska.
Budget Category = “BIOLOGICAL OCEANOGRAPHY” number 6 on the PSF budget provided below.
Objective:
This project aims to couple high resolution chemical oceanographic monitoring with phytoplankton and
zooplankton analysis at a coastal site in the Northern Strait of Georgia to determine:
(1) the variability and intensity of corrosive surface ocean conditions (measured using state-ofthe-art chemical oceanography monitoring equipment);
(2) the effect of changing ocean conditions on the species and abundance of phyto- and
zooplankton species in the northern Strait of Georgia; and
(3) whether the incidence and magnitude of harmful algal species is correlated to ocean
conditions
Background:
The timing and magnitude of salmon production is believed to be correlated with prey production, and
therefore a timing shift in phytoplankton and prey production may be influencing the early marine
survival of salmon in the Strait of Georgia. These changes in productivity may be influenced by the
observed increased temperatures and suspected decreased pH within the Strait of Georgia. Atmospheric
increases in anthropogenic carbon dioxide (CO2) are creating massive changes in the marine carbonate
system by increasing the concentration of hydrogen ions, and therefore lowering seawater pH, in the
Earth’s oceans. This is a phenomenon known as ocean acidification.

Additionally, the incidence of harmful algal blooms (HABs) has globally been on the increase and may be
related to climate-driven species expansion, increased temperatures and the eutrophication of coastal
waters. The chemical, physical and biological ocean conditions are therefore highly likely to impact the
timing and magnitude of important food web dynamics for marine salmon.
This study will examine the chemical oceanography at a coastal site in the northern Strait of Georgia,
together with impacts on harmful algae, species and abundance of phytoplankton and zooplankton.
This study complements sediment trapping, satellite imagery of phytoplankton conditions, harmful algal
monitoring programs and migratory research carried out by the SSMSP as well as contributing towards a
Tula-led initiative examining the impacts of biological oceanography on salmon ecology in the Discovery
Islands and Johnstone Strait.
Status and Preliminary Results:
In December 2014 chemical oceanographic monitoring equipment was installed at the field site on
Quadra Island in the Northern Strait of Georgia, Vancouver Island. Since deployment, this equipment
has been monitoring sea surface, temperature, salinity, and calculating pH and calcium carbonate
saturation states every 2 seconds. A SAMI pH meter was also deployed at the site between February to
April 2015 to provide a concurrent measure of pH to validate the full chemical monitoring suite. Carbon
dioxide standards are run automatically daily to continually calibrate the system, and the system is
operating stably since installation.
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The shellfish raft for biological deployment was constructed late January / early February, from which all
plankton measurements would be taken. By February 2015 the team had developed protocols for
sampling both quantitatively and qualitatively for phyto- and zooplankton.

Plankton sampling began at the Quadra Island site on 16 February 2015. Twice per week the following
samples were taken from the nearshore site, in proximity to the shellfish raft and chemical monitoring
equipment:
 Zooplankton quantitative vertical tow, 64µm plankton mesh (since changed to 250µm – see
sections below)
 Zooplankton quantitative horizontal surface tow, 250µm plankton mesh
 Phytoplankton qualitative vertical tow, 20µm plankton mesh (see sections below)
 Phytoplankton quantitative surface sample, no filtering
Oceanographic data is emailed to Dr. Wiley Evans for processing once a week. This data is then analyzed
to calculate calcium carbonate variables, as seen in Figure 1 below.

The data has revealed large and rapid variations in ocean conditions, such as important calcium
carbonate saturation states, and linkages to coastal processes such as upwelling. There were extended
periods of fall/winter corrosive conditions and The fall and winter months had extended periods of
considered corrosive aragonite saturation conditions, with water partial pressure carbon dioxide levels
much higher than the global average of ~ 400µatm. Further testing will be carried out to examine the
annual pattern and to determine whether there are anthropogenic influences. The sharp decrease in
carbon dioxide and subsequent increase in aragonite saturations in late February to early March, were
early indicators of the early spring phytoplankton bloom observed in the Salish Sea this year.
Subsequent rapid changes in aragonite saturations and carbon dioxide levels were also observed, and it
will be interesting to compare these results to phytoplankton and zooplankton data once fully analyzed.

Phytoplankton and zooplankton production were correlated to oceanographic changes, and blooms in
2015 showed that there may have been one mismatch (early spring bloom late February / early March)
and one matched the timing of peak migration of sockeye passing through the area. Diatoms dominated
the percentage composition of samples, including mechanically harmful species, but levels of toxic
harmful algae had low precedence. This work will be ongoing until August 2016.
This project aligns with the Salish Sea Marine Survival Project hypotheses related to prey availability
(food supply, productivity, timing of food availability), metabolic effects (impacts of temperature on
prey species) and ocean acidification (observed ranges, impact on productivity, impact on Heterosigma,
harmful algal species in general, synergistic impacts with temperature). This project identified peaks in
primary and secondary productivity which will assist in determining timing of hatchery release and
factors for wild survival return forecasting (match-mismatch). In terms of harmful algal species, very
few toxic species were observed and therefore this is unlikely to have impacted salmon populations
moving through the northern Strait of Georgia. Migrating salmon may have encountered mechanically
harmful (Chaetoceros species), which combined with warmer than average observed water
temperatures may impact survival and therefore returns. In addition, the observed fluctuations in
calcium carbonate chemistry and subsequent zooplankton analysis (underway) may provide valuable
information on future climate scenarios on the quantity and quality of prey species.
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Figure 1 - Sea surface temperature (SST; °C), sea surface salinity (SSS), CO2 partial pressure (pCO2; µatm), and the
saturation state of aragonite (Ωarag) from December 18, 2014 to September 24, 2015. Diatom, zooplankton and
harmful algal data as percentage (%) constituents of plankton tow sampling from February 17 to August 31, 2015.

B1.2 Zooplankton and Ichthyoplankton - Canada

Zooplankton and ichthyoplankton status and trends in the northern Salish Sea
Team: Ian Perry, Research Scientist, Fisheries & Oceans Canada, Pacific Biological Station, Dr. Evgeny
Pakhomov: Professor, Biological and Fisheries Oceanography, Earth and Ocean Sciences, University of
British Columbia, Dr. John Dower: Associate Professor, Biology Department and School of Earth & Ocean
Sciences, University of Victoria, Ms. Moira Galbraith: Research Biologist, Fisheries & Oceans Canada,
Institute of Ocean Sciences, Dr. Brian Hunt: Research Associate, Earth and Ocean Sciences, University of
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British Columbia, Vancouver, Ms. Kelly Young: Research Biologist, Fisheries & Oceans Canada, Institute of
Ocean Sciences
Budget Category = ““BIOLOGICAL OCEANOGRAPHY” number 7 on the PSF budget provided below.

Objective:
The short-term goal is to identify the seasonal patterns of variability in zoo/ichthyoplankton species
composition, abundance and biomass in the Strait of Georgia and Juan de Fuca Strait, and how they
relate to changes in physical conditions.

Long-term, the aim is to identify the effect that changes in seasonal patterns of the species composition,
abundance and biomass of the zoo/ichthyoplankton in these areas has on the growth and early marine
survival of juvenile salmon and, ultimately, their influence on the overall return strength of these
populations.
Background:
Zooplankton are the basis of the food web for juvenile salmon and the direct connection between
bottom-up physical processes and salmon survival and growth. They are as a necessary component of a
core bottom-up sampling program, and as central elements of both coupled physical-biological (e.g.
NPZ) and food-web models. This project will provide a comprehensive zooplankton and ichthyoplankton
sampling program to identify the seasonal status and trends of the species composition and
biomass/abundance of these animals in the Strait of Georgia and Juan de Fuca areas. The sampling
provides information regarding ecosystem variability and prey quantity and quality for outmigrating
juvenile salmon.

The central question being investigated by this project is “what physical oceanographic and plankton
processes control the seasonal and interannual variability in zooplankton timing, amount and
composition”. This question directly relates to the Salish Sea Marine Survival Program investigations of
marine versus freshwater survival of juvenile salmon in this region, in particular to questions of: whether
there is a critical period and/or a critical size for juvenile salmon to survive; the availability of plankton
prey to fish; whether there is a match or mismatch in the timing of plankton food supply and fish
predation; and questions of the quality and availability of plankton prey for these fish.

This project will leverage existing DFO resources and programs sampling zoo/ichthyoplankton in these
areas, and add additional surveys to sample in areas and at times that are currently not covered. This is
comprised up from existing Chandler surveys from IOS, Ricker surveys that occur June, July and
September in the SOG, from additional vessels chartered by Ian Perry, and from 3-4 boats that make up
part of the Mosquito Fleet in Canada.
Both the U.S. and Canadians are utilizing a distributed approach to achieve a zooplankton sampling
program with broad spatial (throughout Salish Sea) and temporal (monthly or greater during salmon
outmigration) coverage. Methodologies and protocols among the US and Canadian scientists are similar.
Sampling protocols for zooplankton have been shared to ensure relative consistency, and both sides will
be utilizing vertical bongo net tows (to assess zooplankton in the entire water column, from just off the
sea floor to the surface) as well oblique tows (in the top 10-30m to assess the salmon prey field).
Oblique tows have proven difficult off of the smaller vessels used in the distributed, multi-party
approach implemented in the U.S. Canadian collaborators are focused on utilizing one vessel to perform
the oblique tows, with broad spatial coverage but fewer sampling events (once per month from April to
September).
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The main project research questions are as follows:
1. What are the seasonal patterns of zoo/ichthyoplankton species composition, abundance, and biomass
in the northern Salish Sea areas?
2. How do these properties vary with changes in physical conditions?
3. How do variations in these properties influence the marine growth and survival of juvenile salmon in
these areas?
To answer these questions, the project has a three tiered approach:
1) use of existing DFO surveys to provide a “backbone” of stations throughout the Strait of Georgia to
obtain seasonal information on zooplankton trends, composition, and abundance;
2) use of a smaller charter vessel to sample the same and supplementary stations to provide information
at times in between the DFO surveys;
3) Citizen Science vessels to sample selected locations at higher frequency (e.g. approximately weekly)

Although not a primary objective of this proposal, the samples taken can be made available for
biochemical analyses (e.g. of lipids, fatty acids, stable isotopes) to provide a plankton baseline for
biochemical analyses of juvenile salmon being proposed by other projects.
Status and Findings to Date:
The objectives of this project for 2015 were fully met. This included setting up the survey program and
collecting a record number of samples in the Strait of Georgia (424 samples). However, the Canadian
team performed only vertical zooplankton tows and no oblique tows were carried out. This results in
differences between the U.S. and Canadian teams in terms of following the protocols for zooplankton
sampling. We are not totally sure why the oblique tows were not performed, but this will be addressed
for the 2016 sampling season.
Sampling was conducted at approximately 20 locations in the Strait of Georgia, every two weeks from
mid-February to mid-October 2015. This represents the most intensive zooplankton sampling in the
Strait of Georgia ever carried out. Surveys were conducted using a sequence of platforms, including DFO
survey vessels, a charter survey vessel, and two citizen science vessels. Seven of these surveys were
conducted using a dedicated charter vessel, funded by this PSF grant.

At each station, the following data and samples were collected: full depth CTD profile including
fluorescence and oxygen; full depth zooplankton tow, using SCOR net with 236 μm black mesh; at
selected stations, additional samples were collected for phytoplankton, chlorophyll, and salinity. A total
of 424 zooplankton samples were collected; about half have been analysed to full taxonomic resolution
as of December 2015. Phytoplankton samples collected bi-weekly from Citizen Science vessels (based in
Baynes Sound and the Sunshine Coast) have been analysed for taxonomic composition and results
posted to BaseCamp.
The total number of samples collected from these charter vessel surveys, DFO vessel surveys, and
Citizen Science surveys, related to the Salish Sea Marine Survival Project is shown below:
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DFO-Charter
DFO-Chandler
DFO-IOS
DFO-PBS
Other ShOp (CRD, NOAA)
Citizen Science
Cowichan Bay
TOTAL

Sample locations are provided below:

2015 Year-End Report
# Processed

# Unprocessed

38
14
6
1
3
45
3
110

62
27
47
69
8
65
36
314

Total
100
41
53
70
11
110
39
424

Charter Survey

Chandler Survey

Other DFO Surveys

Citizen Science Surveys (Baynes Sound, Irvine)
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Entire Strait of Georgia Coverage 2015

Some preliminary data are provided below. Data analysis is not yet complete so these results will be
updated in spring 2016.
Biomass (mg/m3) of selected groups; All to-date samples combined:

Decapod

Copepods

larvae

Pisces

Euphausiids
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Feb

Early March

Early Apr

Late Apr
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This has been the most intensive plankton sampling effort ever carried out in the Strait of Georgia. The
collection of data allowed for examination of the summer warming in the Strait of Georgia this year,
which resulted from the “blob” of unusually warm ocean waters on the west coast of North America. It
also allowed for identification of the early spring phytoplankton bloom. The PIs noted that the biomass
size spectra show dominance of plankton in the 20-25 mm range in all seasons.

The CTD and chlorophyll fluorescence data have all been quality controlled and archived in the IOS
database. These data provide oceanographers with more frequent information about the physical
properties of the Strait of Georgia than are obtained from the 3-5 DFO-led surveys per year in this
region. The Chl-a data helped to identify problems with the analyses of chlorophyll being conducted by
the citizen science program so that adjustments could be made. CTD fluorescence and chl-a data can
also be used by other SSMSP projects relying on models, e.g. by providing chl-a data from the Halibut
Bank buoy to assist in buoy fluorometer calibrations, and for use in groundtruthing the satellite data.
The researchers identified the timing of the spring phytoplankton bloom as being unusually early in
2015, and identified the timing of peaks in spring and summer zooplankton biomass and species
composition. A bloom of small zooplankton occurred early (mid-March) in the northern Strait of
Georgia, followed a few weeks later (early May) by the main bloom throughout the Strait. Time series of
zooplankton believed to be key prey items for juvenile salmon (based on analyses of salmon gut
contents by other SSMSP projects) have been developed. Analyses of collected samples are still
underway, but enough data covering the entire seasonal cycle from selected locations are available to
provide to SSMSP projects studying fish distributions, feeding, and growth.
A training workshop was conducted by two DFO staff to the plankton lab of the University of
Washington, with the purpose of ensuring coordination of taxonomic identifications between U.S. and
Canadian components of the Salish Sea program, and to exchange knowledge of unusual and interesting
plankton appearing in the samples.
Finally, an “Information Bulletin” was prepared and circulated on behalf of the program, identifying the
timing of the spring phytoplankton bloom in the southern Strait of Georgia in 2015.
This sampling will be repeated in 2016.

B1.3 Forage Fish- Canada
Strait of Georgia juvenile herring and nearshore pelagic ecosystem survey.

Team: Jennifer Boldt (lead), Research Scientist, Fisheries and Oceans Canada, Pacific Biological Station,
Matt Thompson, Technician, DFO, Charles Fort, Biologist, DFO, Carol Cooper, Taxonomist Contractor,
Zotec services, Doug Henderson, Skipper and Fisher Contractor, Dr. Marc Trudel, Research Scientist,
Fisheries and Oceans Canada, Pacific Biological Station, Dr. Stéphane Gauthier, Research Scientist,
Fisheries and Oceans Canada, Institute of Ocean Sciences, Dr. Kyle Garver, Research Scientist Pacific
Biological Station, Nanaimo, BC.
Budget Category = “FORAGE FISH” number 1 on the PSF budget provided below.
Objectives:
 Update age-0 herring time series
 Identify suitable data and statistical methods for estimating an index (and associated variance)
of the relative biomass or abundance of age-0 herring.
 Relate estimates to
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o age-3 herring abundance from stock assessment model,
o Chinook salmon survival.
Examine annual variation in herring lengths, weights, and fish condition (length-weight
residuals).

Background:
The survival of salmon species in the North Pacific has been linked to food availability during their early
life history and coho and Chinook, which are generally switching to piscivory early in their marine life,
are likely strongly affected by the availability of prey fish when they enter the marine environment. In
the Strait of Georgia, the marine survival of Chinook salmon is strongly correlated to the proportion of
young-of-the-year herring in their diet (R. Sweeting, unpublished). Thus, understanding the factors
affecting the recruitment dynamics of herring in the Strait of Georgia may be key to understanding the
variability in the marine survival of coho and Chinook Salmon in the Strait of Georgia.
The main goal of this project is to continue long-term monitoring of the SOG nearshore pelagic
ecosystem. The goals of the SOG juvenile herring and nearshore pelagic ecosystem survey are to
provide an index of herring recruitment and prey availability to salmon and other predators, explore
factors affecting herring distribution and survival, examine the temporal and spatial patterns in pelagic
species composition, and gain a better understanding of the prevalence of aquatic viruses in Threespine
Sticklebacks in the SOG.

The current objectives of the survey are to 1) estimate the relative abundance and distribution of
juvenile herring in the SOG as a potential indicator of herring recruitment and as a potential indicator of
prey availability to salmonid and other predators, 2) monitor the distribution and relative abundance
and collect samples of nearshore pelagic fish in the Strait of Georgia, 3) monitor the distribution and
relative abundance and biomass of the zooplankton community, 4) measure physical environmental
variables that may affect the distribution of fish and zooplankton species, and eventually 5) understand
trends in temporal and spatial variability in community composition and diversity. In addition,
collaborative project objectives from survey-collected fish samples include: 6) screen Threespine
Sticklebacks for the newly discovered threespine stickleback iridovirus (TSIV) that has caused mortality
of sticklebacks in coastal waters of BC and 7) identify the prevalence and distribution of this virus and
save any positive samples for future studies.
Status and Findings to Date:
Research activity for this project is proceeding as planned. The key accomplishments of this project
include the following:
1. Completion of the 2014 and 2015 Strait of Georgia (SOG) juvenile herring and nearshore pelagic
ecosystem survey – a long-term monitoring program- including the collection of age-0 herring
and Three spine stickleback samples, zooplankton biomass data, and physical environmental
measurements in the SOG during the fall.
2. In addition to completing surveys, a time series of the relative biomass and abundance of age-0
herring was updated (Figure 2). They identified suitable data and statistical methods for
estimating an index (and associated variance) of the relative biomass or abundance of age-0
herring.
3. The index of age-0 herring biomass may provide a leading indicator of recruitment to the adult
herring population and of prey availability to Chinook Salmon in the SOG, as indicated by the
positive correlations between the index of age-0 herring and:
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a.) age-3 herring recruit abundance 2.5 years later, as estimated by the age-structured stock
assessment model (67% of variability), (Figure 3) and
b.) to some runs of Chinook Salmon survival (explaining up to 47% of the variability). (Figure 4)
4. The annual variation in herring lengths, weights, and fish condition (length-weight residuals)
were examined and herring condition improved after 2001, which may have implications for the
quality of prey consumed by juvenile Chinook Salmon.
Key lessons learned include the following:
 The SOG juvenile herring survey provides a valuable data set that may be used to estimate the
relative biomass (abundance) of age-0 herring. This provides a potential leading indicator of
recruitment to the adult herring population and may provide an indicator of prey availability to
predators in the SOG, such as Chinook Salmon.
 They recommend that sampling of core stations and transects continue, following consistent
and standardized practices and with more accurate measures of depth where samples are
collected. To reduce CVs, more transects should be sampled, however, trade-offs between
lower CVs and higher costs would need to be considered.
 They also recommend that multiple indices are calculated (catch weight, CPUE, and abundance)
using a two-stage method and the less conservative formulae (Thompson 1992) for estimating
variance. Given a consistent approach to sampling and index calculations, the herring indices
can be used to explore other research questions that might elucidate factors affecting herring
survival and recruitment, as well as the survival of predators.
 Next steps might include more in-depth analyses of the relationship between the relative
biomass of age-0 herring and Chinook salmon survival and perhaps juvenile Chinook salmon
diets in the SOG.
Figure 1. Pacific Herring Recruits, 1950-2014 (DFO) Stock Assessment Output
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Figure 2. Survey Catch Weights & CPUE (se) Age-0 Herring

Figure 3. Age-3 Recruits from Stock Assessment vs. Age-0 Survey Catches (with 3 year lag)
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Figure 4. Chinook Salmon Survival vs.Age-0 Herring Survey Catches, 1992-2009

Hydroacoustics
Team: Stéphane Gauthier (DFO), Marc Trudel (DFO), Chrys Neville, Research Biologist, Fisheries and
Oceans Canada, Pacific Biological Station, Nanaimo, Chelsea Stanley, Acoustic Research Technician,
Fisheries and Oceans Canada, Institute of Ocean Sciences, Sidney, Moira Galbraith, Zooplankton
Taxonomist, Fisheries and Oceans Canada, Institute of Ocean Sciences, Sidney, Chris Grandin, Research
Biologist, Fisheries and Oceans Canada, Pacific Biological Station, Nanaimo, Dr. Jennifer Boldt, Research
Scientist, Fisheries and Oceans Canada, Pacific Biological Station, Nanaim, Postdoctoral fellow (Visiting
Scientist in government laboratory)
Budget Category = “FORAGE FISH” number 2 on the PSF budget provided below. This project will begin
in January 2016 so the budget entries will show up in the mid-year 2016 report.
Objectives:
This research project is specifically to study the production of the prey and predators of juvenile salmon,
and their links to the juvenile salmon survival in the SoG. Key objectives are:




To develop acoustic indicators of productivity (relative/absolute biomass estimates) for salmon
predators and prey
To examine abundance & spatial distribution of the defined species/assemblages, and explore
their potential links to oceanographic and environmental factors
To test hypotheses that relate the abundance and distribution of the defined species/species
assemblages to the marine survival of juvenile salmon
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Background:
Stephane Gautier supervised a pelagic ecosystem survey of the Strait of Georgia (SoG) in March 2014
based on acoustic-trawl methods. Another survey is scheduled for March 2016, with anticipated follow
up in June/July and again in March 2017. In addition to these surveys, acoustic data are now routinely
collected as part of DFO’s juvenile salmon trawl program occurring in the area.
This project is to host a qualified postdoctoral fellow for 2 years to oversee those surveys and focus on
this rich acoustic dataset. The objective will be to develop a series of acoustic indices of productivity for
forage fish species such as herring, mesopelagic fish, euphausiids, zooplankton, and ichtyoplankton
within the SoG. Demersal species distribution and abundance are also explored as part of these surveys
(e.g. Pacific Hake and Walleye Pollock). Acoustic indicators will be developed using robust multifrequency techniques in conjunction with mark identification fishing (trawls). A multiple opening and
closing net system (the Hydrobios multinet) will be used to sample smaller organisms (zooplankton,
euphausiids, and larval fish). Along with existing time-series of forage species catch from trawl surveys,
the acoustic indicators of productivity will be investigated for potential links to juvenile salmon survival.
Data and results from this study will be closely integrated with the other projects that focus on juvenile
salmon survival in the area.
Status:
A qualified post-doc, Lu Guan, will be working with Dr. Gauthier from January 1 2016 onwards and will
be hosted in Dr. John Dower’s lab at UVic. The project will begin Spring 2016.

B1.4 Juvenile salmon - Canada

Freshwater and Marine Survival
Team: BCCF (Kevin Pellet, James Craig, Wightman, Stenhouse, Dambourg, Atkinson), Mel Sheng DFOPBS, Steve Baillie DFO-PBS, Don Elliott Cowichan Hatchery Manager, Dr. J. Taylor, Dave Key Key Mill
Construction Ltd. dba Pisces Research Corps Elliot, Cowichan Tribes.
Budget Category = “JUVENILE SALMON SAMPLING” numbers 3,4,5,6 for 2015 on the PSF budget
provided below. Includes contracts to Cowichan Tribes, J. A. Taylor & Associates, Cheri Ayers, BCCF, and
PIT tags and PIT tag readers/associated equipment.
Objectives:
To determine the level of mortality of Cowichan chinook in both the freshwater and early marine
periods of early life.
Background:
Both rotary screw trap and PIT tagging methods are being used to compare freshwater and marine
survival at different stages in the life history of Cowichan chinook in 2015.

Previous work to determine the marine survival of Cowichan chinook have made assumptions that all
hatchery fish released 40 kms upstream from the estuary in the Cowichan River survive and enter the
estuary. This assumption is unlikely to be valid, and thus, a Rotary Screw Trap (RST) has been operated
by DFO and Cowichan hatchery staff during 2014 and 2015 in the mainstem of the Lower Cowichan
River to allow for a mark-capture population estimate on hatchery released fish. If it is concluded that
hatchery smolts released a significant distance upstream from the estuary experience high losses prior
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to saltwater entry, a follow-up study could be implemented to determine if lower river hatchery
releases improve overall and river return survival.

The RST work is being supplemented with a freshwater PIT tagging study during 2015. Hatchery chinook
are PIT- tagged and released at the usual hatchery release location, and their survival estimated using a
RFID array at the bottom of the Cowichan River, which records each PIT tag as the fish crosses the array.
The survival estimate using this method can be compared with that from the RST.

PIT tagging is also used to assess marine mortality of the same hatchery population. Several previous
research studies have attempted to investigate where mortality is occurring in the marine environment
but few answers have resulted. The past approach has been to mark fish in freshwater using coded-wire
tags (CWT) and recovering tags in fisheries and spawning populations. However, the use of CWTmarked groups limits survival estimates to total marine survival rates (juveniles tagged at release to
recruitment pre-fishing) and says little about the sequence of mortality events. BCCF piloted the
application and use of PIT tags in the marine environment during 2014. This method provides a means
to estimate the survival of multiple tagged groups differentiated by their size and age when tagged
during the early marine life stage: by applying PIT tags to fish captured in the marine environment over
an extended period of time (e.g., 6 months following ocean entry) and at multiple locations, fewer tags
are required as smolts become sub-adults and mortality rates likely decline accordingly. Passive tag
technology allows a cost effective method for individually marking many fish without constraints of
battery life. Tag recoveries are made in freshwater as fish return to spawn which greatly reduces the
need to scan a broad geographic range for marked fish. Finally, the individual codes for each tag allow
analysis of an infinite range of marking locations, times, species, and sizes down to fish measuring only
60 mm. Data will be collected in a way that allows many different hypotheses to be tested such that
results from other ecosystem research projects can be linked to marine survival. If successful, this study
could provide the empirical foundation which identifies the critical times (i.e., discrete life stage) and/or
locations that determine survival in the marine environment.

Hatchery chinook are tagged 1. In hatchery, 2. In freshwater, 3. By beach seine, 4. By purse seine, 5. By
microtrolling. Microtrolling (catching fish using specialized trolling equipment aimed at catching
juveniles as they move offshore) will be used to capture sublegal juveniles in the marine environment.
This is a novel method, piloted by Will Duguid, PhD candidate at UVic during 2014. The method is labour
intensive, so it is proposed to achieve higher sample sizes by forming a collaboration with the “Avid
Anglers” which will form a second citizen science project in the Strait of Georgia.
The key hypotheses that are being addressed are as follows:

A) The mortality rate in the early marine environment is initially high but subsides as fish grow and
move offshore.
B) Survival to the adult stage is controlled mostly by mortality at a specific time and location within
the first year of marine life.
C) The determinants of marine survival may be geographic and temporal. Fish of a similar size may
experience significantly different survival based on when they occupy a specific habitat (early vs.
late migrants).
D) Understanding how mortality is distributed in the marine environment will lead to the
identification of causal factors in conjunction with other research activities.
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Status and Preliminary Findings:
Rotary Screw Trap
There is a high level of mortality (98%) during the first two years of life of Cowichan Hatchery chinook
salmon, with many possible reasons. This project examined the level of mortality in the initial stage
associated with the hatchery fry releases, between the release in the upper river and their arrival
downstream to the lower river where they reside for up to 2 months.

As in 2014, they used a rotary screw trap to catch a sample of the hatchery chinook moving
downstream. The proportion of the run that were caught is estimated by releasing a small group of
stained chinook just upstream of the trap, far enough so that they are randomly distributed. The
proportion of the stained release caught in the RST provides a value for trap efficiency, and is used to
expand the number of hatchery chinook to estimate the number that arrived to this location. This result
is compared to the number of released chinook fry to estimate the mortality rate. This was
accomplished for both the early and late releases.

Two groups of Cowichan Hatchery Chinook were released on April 22 nd (348,485 CWT) and May 20th
(465,438 CWT). A rotary screw trap was operated between April 8th and May 30th 2015 to monitor wild
salmonid juvenile migration and to recover and estimate the population of hatchery chinook smolts that
successfully migrated to the lower river (40 kms downstream). 9940 dye marked fish were released April
23rd approximately 1 km above the RST to estimate the trap efficiency and 4746 dye marked fish were
released May 20th.
Trap efficiency during the two releases was estimated at 27.2% and 19.9%, respectively. Based on this
data, they estimated that 65.5K chinook fry (95% CI 63.3K-67.8K) had arrived in the lower river from the
early release group of 338.5K. Similarly, 49.7K chinook fry (46.7K-52.8K) arrived in the lower river from
the late release group of 460.4K. Thus, they estimated that 19.4% of the early release and 10.8% of the
late release represent the portion of the population that arrived in the lower river during the extent of
this project. The data from the late release in 2014, using much poorer quality data, indicated a survival
rate of 15-20%, similar to 2015.
Several factors are confounding the results. Although the trap efficiency was much higher that our
target of 5%, they expected a higher level of trap efficiency with the late release over the early release
due to a lower rate of water discharge. Second, they were forced to terminate field operations due to
low water, with hatchery release chinook still being caught. In addition, early release chinook were still
being caught when the late release was initiated so all hatchery chinook caught after that date were
deemed to be from the late release.

The mechanism for the low survival rate is unknown and will need to be studied. Possible factors
include:
 Residualization/slow migration rate
 Freshwater based predation (non-native brown trout)
This project provided evidence to support the hypothesis that a high level of mortality is occurring in the
freshwater phase of hatchery reared fry. This stage of the life history occurs in the period after release
in the upper reach of the Cowichan River, to the lower river upstream of tidal influence. Further
investigation is warranted to compare this result to other similar studies to examine whether there are
unique influences in the Cowichan River, and/or whether this observation is common to other
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situations. Further investigation within the Cowichan is warranted to identify whether the observation
is due to hatchery release practices, habitat degradation, predator communities or other hypotheses.
PIT tagging

Freshwater
- Despite very low spring flows (historic low?), in river migration timing and rearing behavior
appeared to be similar to 2014 (normal flows).
- Migrating hatchery Chinook from the release site to the lower river appeared to endure a high
degree of mortality. They estimated survival using detection of PIT tags at the RST (22%) and
PIT array (27%) (Release site to tide-water at Tzouhalem Road Bridges, 46 km). Thus the PIT
tagging results showed similarly high mortality rates in the freshwater phase of juvenile
Cowichan chinook life history as found using the Rotary Screw Trap.
- Migrating wild Chinook also experienced significant mortality although survival appeared to be
2X higher than hatchery fish (estimated at 49% over 41 km)
- Freshwater growth rates were calculated at 0.70 mm/day in 2015 compared to 0.60 mm/day in
2014. This difference was not statistically significant but suggests growth was good despite
above average river temps and low flows.

Early Marine
- The size distribution of fish tagged in freshwater matched that of recaptures in the marine
environment. This suggests there is little evidence for size-selective mortality during in-river
migration and the transition to salt water.
- Marine recaptures were disproportionality associated with fish tagged in the lower reaches of
the river. The survival estimate for hatchery fish migrating from the release site to the lower
river (46 km) was only 14%.
- Similarly, survival of wild fish was estimated at 27% over 41 km. These survival estimates are
about 55% of those based on in-river detections suggesting that fish which come from upper
river habitats experience disproportionality higher mortality rates in the early marine
environment.
- These observations collectively place a higher value on smolts originating in the lower Cowichan
River despite similar abundance throughout 40 km+ of habitat (BCCF snorkel data 2014).
Outer Marine
- Micro trolling was proven to be effective for catching significant numbers of first and second
year juvenile Chinook with limited bycatch. Catch per hour averaged 8 fish and was as high as
12. This has opened the door for studying juvenile Chinook in the 120 mm+ range using lowcost and highly mobile platforms. The utility of this tool should be discussed for other work, not
just application of PIT tags.
- Sansum Narrows was identified as a “hot spot” for rearing juvenile Chinook and Coho. DNA
results indicated this area is shared by many different stocks suggesting it may be a good
candidate for fine-scale study. Areas with similar characteristics (i.e. tidal mixing) should be
explored to see if juvenile Chinook/Coho are disproportionally abundant in these areas.
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In-River Detections – Returning Tags
- 15 unique PIT tags were detected in fall 2015 returning Chinook. 9 were at the counting fence
and 7 at Skutz Falls. Of the 7 at Skutz Falls, only 1 was detected at the fence. This suggests
about 63 tagged fish returned in 2015.
- Although the detection efficiency was disappointingly low, this indicates that the study design is
sound and should produce a reliable estimate of marine survival by stage as the majority of
returns are yet to come.
- Tag returns were distributed throughout each tagging stage including hatchery releases, in-river
tagging, purse seining and mictro trolling.
- Low detection efficiency is linked to RF “noise” that limits the ability of the equipment to listen
for the tag response and decode the ID.
- An investigation of noise sources is currently underway. It is believed that altering antenna
design at the counting fence will improve detection efficiency in 2016 to acceptable levels
(>95%).
Cohort Analysis and Marine Growth
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), 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” numbers 7, 8 and 9 on the PSF budget provided
below. Includes payments to DFO under the contribution agreement, stomach sample processing by
Carol Cooper (contractor) and Canfisco (vessel costs for field research).
Objective:
This project will focus directly on the key objectives of the Salish Sea Marine Survival Project by directly
assessing the bottom-up and physiological factors limiting the recruitment of Chinook Salmon and Coho
Salmon during their early marine life in the Strait of Georgia.

Background:
This project will be divided into two specific components: 1) a cohort analysis to determine which
segment of the population survive the early marine residency period, and 2) an empirical analysis to
determine how ocean conditions affect the growth and bioenergetics of juvenile Chinook Salmon and
Coho Salmon in the Strait of Georgia.
A) Cohort analysis: Assessing the cause of mortality can be a daunting task given the number of
mortality agents that need to be examined simultaneously. An alternative approach is to determine
whether or not there are specific smolt characteristics or traits that influence their success relative
to other smolts. In this project, a cohort analysis will be used to test the Critical-Size, MatchMismatch, and Disease-Susceptibility hypotheses (Table 1).
B) Marine growth: There are at least thirteen different mechanisms that have been proposed to
explain the variability in smolt survival of juvenile Pacific salmon:
1. Ocean-productivity*

6. Smolt-quality
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2. Match-mismatch*

7. Critical-size*

4. Buffer-capacity

9. Disease-susceptibility*

3. Predation-intensity*
5. Density-dependence*

8. Physiological-stress*

12. Winter-starvation*
13. Predation-risk*

10. Junk-food*

*Hypotheses that predict that faster growing fish have higher survival

Although the specific mechanism affecting the marine survival of salmon differs among these
hypotheses, they generally indicate that lower marine survival of Pacific salmon is associated with lower
marine growth during their first year at sea (Peterman 1987; Beamish and Mahnken 2001). This
indicates that to understand the effects of ocean conditions on Salish Sea salmon survival we need to
examine the factors affecting salmon growth in the marine environment. In this project, an empirical
approach is being used to test the Ocean-Productivity, Match-Mismatch, Junk-Food, and DensityDependence hypotheses (Table 1).
In order to determine whether or not there is a specific component of the population that disappears
over time during their first year at sea, salmon smolts are collected as they leave freshwater and
subsequently in the marine environment. Fish sampling surveys for both coho and chinook are being
carried out in four main locations through the Strait of Georgia in 2015: in the Cowichan, around
Qualicum, Puntledge and the lower Fraser River. Given that both hatchery and wild salmon are being
targeted, this study focuses on a potential combination of 12 species/populations/life history. Due to
the uncertainty of the level of catch of the various stocks in the marine surveys, additional freshwater
sampling is being conducted on the east coast of Vancouver Island systems and in the Fraser River to
ensure matching samples are available from both freshwater and marine surveys.

These studies will be used to gain information on ocean entry time and size, growth (using otoliths, RNA:
DNA ratios, IGF), bioenergetics, diet (using stomach contents and isotopes), fatty acids (in both
zooplankton prey and juvenile salmon), presence/absence of competitors and presence of microbes.
Thus, length, weight, stomach contents (diet), scales, otoliths and DNA samples will be collected. Fish
will be provided to the genomics lab, blood samples will be taken, and tissues will be stored for
contaminants analysis. All the juvenile Chinook salmon and coho salmon are scanned for coded-wiretags (CWT) and PIT-tags (Chinook salmon only).
This project will collect complementary and compatible data to an ongoing sampling program in Puget
Sound. This will provide an opportunity to expand the analyses to both regions and the number of
populations that are examined simultaneously in regions that are subjected to similar climates but
differing ocean conditions, and will therefore contribute to enhancing collaborative research between
Canada and the United States to address a common concern for declining salmon resources. This project
will also be coordinated with oceanographic sampling programs within the Salish Sea to obtain relevant
data on the timing of phytoplankton and zooplankton production, and species composition.
Protocols for the U.S. and Canadian salmon sampling efforts have been shared cross border, and the
sampling teams communicate about approaches with the focus on ensuring that the results can be
compared. Regarding size, growth and size-selective mortality comparisons throughout the Salish Sea:
Canada is assessing the effects of size-selective mortality and ocean entry timing using otolith
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microstructure recorded on the otoliths taken from smolts and juvenile salmon, whereas scale samples
are predominantly used for this in the U.S. That said, both scale and otolith samples are being collected
on each side of the border so that results can be calibrated across the Salish Sea (otoliths less so in Puget
Sound wild Chinook because they are federally protected). Unlike Puget Sound, juvenile coho and
Chinook salmon appear to migrate rapidly away from the nearshore areas in the Strait of Georgia.
Therefore, Canada will not rely on an intensive beach seine effort to determine the extent of sizeselective mortality. Offshore/midwater sampling in the Salish Sea is occurring via trawls and purse seines
from April through August. Calibrating the collection approaches is not pertinent since both sides are
not using CPUE as a primary determinant of survival. The CCGS WE Ricker cruises in July and September
remain a critical component of midwater sampling efforts for the Strait of Georgia and Puget Sound.

Figure 1. Beach Seining Cowichan Bay

Figure 2. Purse seining in Cowichan Bay

Figure 3. Sorting fish caught in the purse seine

These analyses will be performed in collaboration with the University of Victoria (Francis Juanes-otoliths,
Rana El-Sabaawi-Fatty Acids, and Asit Mazumder-Stable Isotopes & Fatty Acids), the West Vancouver
Laboratory (Ian Forster-Fatty Acids), the Pacific Biological Station (Strahan Tucker-Cesium Analyses, Fatty
Acids & Stable Isotopes, Stewart Johnson-Fatty Acids & RNA:DNA ratio).

Additional sampling beach seining and purse seining event have also occurred to provide additional
samples for the live PIT-tagging project of BCCF (see above) and for genomics/health studies (see TOP
DOWN studies).
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Figure 6. Collecting samples (tissues, blood, DNA etc) for genomics and physiology studies

Status and Preliminary Findings:
• Many juvenile Chinook salmon remain in the inner Cowichan Bay for an extended period of
time. Purse seine fishing was extended into mid-August this year. The catches were lower than
July but many Chinook were still captured and the largest catches still remained inside Cowichan
Bay.
• Diet and feeding of juvenile Chinook salmon changes in the presence of harmful algae (higher
incidence of empty stomach). This was seen in 2014 when harmful algae were observed. They
cannot say if this reduction in feeding (increase in empty stomachs) is due to a change in the fish
behaviour or a change in food abundance. There was a reduction in their primary diet item
(crab larvae) during these periods of time.
• The level of growth hormones in juvenile coho is higher at the north end of the Strait of Georgia
than at the lower end, and also higher in even years when there are lots of juvenile pink around.
The growth appears to be related to herring in the diet: high growth when they are feeding on
herring, and lower growth when they are feeding on crab larvae (data from 2012-2014 – work
done in collaboration with B. Beckman). Growth was lower in the Strait in 2013 for coho and
chum – they are still waiting for the results on sockeye. One consideration was whether this
might explain the poor performance of Fraser River sockeye this year.
• YOY herring were big this year and silvered up earlier than normal. They observed YOY herring in
the first purse seines off BQR. Typically at this time of year they tend to see few of these and
more larval herring. This “larger” size persisted through September. Results from herring
survey in September has collaborated this with the largest YOY herring recorded in their time
series this year.
• Juvenile chum salmon were also large early in the year and again first noted in sampling off
BQR. Verbal reports from hatcheries on ECVI indicated earlier movement of these juveniles
down river and likely cause for increased size.
• The feeding of all juvenile salmon in the Strait of Georgia this year was good. There was an
increase in larval fish other than herring in many regions.
• Juvenile coho were also big, though they need to perform DNA analyses to determine their
origin. The size of coho in the September survey were the largest in their 15 year time series for
this time period. CWT were analyzed to confirm they had entered the ocean this year and also
showed that there was the typical mix of SOG and Puget Sound stocks. DNA analysis will help
finalize the proportion. In addition to size, there was a high number of jacks in the sample (7.5%
of all males). The number was higher for hatchery fish (AD clipped, 9.5%) than wild (unclipped,
6.3%). Subsequent to their sampling, the hatcheries around the SOG have been reporting high
jack return.
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There are some intriguing results with respect to fall catches of juvenile coho in 2013 and 2014.
Chrys Neville observed the highest CPUE of juvenile coho in the Strait of Georgia in the fall of
2013, but that was not accompanied with high survival. They do not know why, but need to do
DNA analyses to determine their origin (either the fish did not survive the winter, or the Strait
was invaded by Puget Sound coho). The fall catches of coho were average in the Strait of
Georgia in 2014, but returns were very poor. This may be due to the warm temperature
anomalies this winter, spring and summer. They would suggest that the relationship seen
between September abundance of coho and early marine survival is not as strong in the last
couple of years. They have noted average (2014) to above average (2013) numbers but not the
same response in total returns. This is complicated by a change in behaviour of the sub-adults
with more of these available to sport fisheries in the SOG, changes in the hatchery/wild
proportions (yet wild fish still not allowed to be retained in fishery although many caught), and
changes in size. The size of the fish is increasing and they do not know how this is related to
survival or distribution. In addition, the warm water off ECVI and huge harmful algal blooms are
anomalies out of our experience to know how they may affect fish. Overall, in 2014 the fish
appeared healthy and were growing very will (biggest until this year). Something happened to
them after this point and the result is very variable returns to many systems in the SOG (some
average and some poor to dismal).
Pacific pomano were caught in Cowichan Bay during 2015. This species has not been seen
before by their surveys in the SOG.
Due to delays in funding during 2015, many of the laboratory analyses were delayed, including
much of the DNA work. With the collaborative agreement finally in place, these studies are now
underway and more results will be available in spring 2016.

Variation in juvenile Cowichan River Chinook salmon distribution, diet, and growth rate in relation to
tidal mixing and water column stratification: validation of a novel high spatial and temporal
resolution approach utilizing microtrolling and RNA:DNA ratio based growth rate indices
Team: Francis Juanes - Fisheries Ecology and Marine Conservation Group, Department of Biology,
University of Victoria, Will Duguid MSc – PhD Student - Fisheries Ecology and Marine Conservation
Group, Department of Biology, University of Victoria
Budget Category = “JUVENILE SALMON SAMPLING” numbers 10a and 10b on the PSF budget provided
below.

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

The results of this study will refine the ability of Salish Sea researchers to address two overarching
hypotheses regarding juvenile Pacific salmon survival. These correspond to hypotheses 12 and 13 in US
Salish Sea Technical Team (2012):
12. Food supply limits growth, and thus survival, during critical periods of early marine rearing
(including Hypothesis 12c – that growth is limited by the metabolic effects of temperature); and
13. Predation on juvenile salmon (by birds, seals, and/or marine fish) has increased.
The monitoring approaches to test these hypotheses (eg. zooplankton and icthyoplankton surveys to
assess food availability and predator diet and telemetry studies to assess predation pressure) are only
valuable if they can be linked to habitat use by juvenile salmon in space and time. This work will test a
number of specific hypotheses that will help to refine these linkages:
1. Epipelagic habitat in the Salish Sea varies at fine spatial scales (10s to 1000s of meters) in
temperature profile (stratification), food (zooplankton) availability, and ability to support growth
of juvenile Chinook and Coho salmon;
2. Juvenile Chinook and Coho salmon in the latter part of their first summer at sea are significantly
more abundant in epipelagic habitat that supports more rapid growth (biological hotspots);
3. Juvenile Chinook salmon occupying such biological hotspots grow faster than those in lower
quality epipelagic habitat; and
4. Depth distribution of juvenile Chinook and Coho salmon differs between areas with differing
water temperature and degree of water column stratification, potentially reflecting trade-offs
between foraging success and optimal metabolic rates.
To support field work to test the hypotheses above, they will also conduct a controlled laboratory study
to assess the value of RNA:DNA ratios as an index of growth in juvenile Chinook salmon; testing the
following hypotheses:
5. Accurate and repeatable RNA:DNA ratios can be obtained from juvenile Chinook salmon in their
first marine summer using a non-lethal muscle biopsy;
6. These RNA:DNA ratios are strongly correlated with recent individual specific growth rates; and
7. The relationship between RNA:DNA ratios and recent specific growth rate is as strong as, or
stronger than, the relationship between growth rate and insulin-like growth factor (IGF-1)
concentration.
If they are successful in obtaining good RNA:DNA growth rate index data for a significant sample of PIT
tagged fish, this will add value to the BCCF PIT tagging based cohort study by allowing the researchers to
test if:
8. Growth rate of juvenile Chinook salmon during the latter part of the first marine summer is
related to the likelihood of surviving to adulthood.
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Status and Preliminary Results:
Field work was carried out at 5 sites (Saanich Inlet, Cowichan Bay, Satellite Channel, Sansum Narrows,
and Maple Bay) from 6 July to 23 October (a total of 60 Field Days). Fieldwork concluded on 23 October
and the majority of data analysis and field sample processing is not yet complete.
They employed a novel methodology (microtrolling) to investigate how distribution, diet, and growth of
juvenile Chinook and Coho salmon varied at fine scales in relation to spatiotemporal variability in
physical and biological oceanography.
They captured 474 juvenile salmon (369 Chinook, 92 Coho, 12 Coho/Chinook hybrids and 1 Chum
salmon) in 1459 individually logged 7-10 minute fishing events (15,905 hooks deployed) over 60 field
days between 6 July and 23 October 2015 at 5 sites in the vicinity of Cowichan Bay (Cowichan Bay,
Sansum Narrows, Maple Bay, Satellite Channel and Saanich Inlet).

They conducted concurrent biological and physical oceanographic sampling including 59 pairs of water
samples (surface and 10 m) for harmful algal bloom and phytoplankton biomass assessment; CTD casts
and vertical zooplankton tows during both the flood and ebb tide on each sampling day (120 of each in
total); and temperature loggers deployed at 5m intervals from 5 to 30 m on each fishing event. Captured
salmon were measured, examined for parasites, sampled for stomach contents using gastric lavage,
sampled for scales, and had a small muscle biopsy removed for RNA/DNA ratio based growth rate
analysis (frozen in liquid nitrogen); Passive integrated transponder (PIT) tags were applied to 350
juvenile salmon as part of a BCCF led cohort survival study.
They also conducted a laboratory study to intercalibrate the RNA/DNA based growth rate index with
alternative indicators of recent growth (plasma IGF-1 and scale circulus spacing) and to compare the
integration times of these alternative indices.

The specific relevance of their preliminary results to the comprehensive list of SSMSP Hypotheses is
outlined below:

Water Quality – Prey Availability
In order to understand how changes in circulation or other physical properties of the water column may
have impacted juvenile salmon survival in recent decades, it is necessary to understand how the
behavior of juvenile Chinook and Coho salmon interacts with water column properties to influence
patterns of diet, growth and distribution. Their work is bringing together physical and biological
oceanography with fish size, diet, and growth rate (RNA:DNA ratio) data at a previously unachievably
fine scale. They are conducting this work within an area (the Southern Gulf Islands) that is characterized
by pronounced variability in water column properties (well mixed and well stratified regions and
turbulent tidal features). The lessons they learn within this study system will hopefully be applicable to
the broader Salish Sea and will facilitate interpretation of likely responses by juvenile salmon to long
term changes in physical and biological oceanography.

Their preliminary data are consistent with the hypothesis that juvenile Chinook salmon prefer areas
which are more stratified, possibly due to more predictable prey distribution and/or due to the ability to
select optimum temperature strata for growth. When they have completed analysis of their catch data
by depth and temperature (based on temperature loggers deployed while fishing) they will hopefully be
able to express this preference quantitatively. Their field collected muscle biopsies will also allow us to
relate the recent growth of juvenile Chinook to physical oceanography at the time and site of capture.
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Critical Period
Their work is relevant to the critical period hypothesis on a number of levels. They are applying PIT tags
in support of the BCCF led Cowichan Chinook cohort survival study, thereby contributing to a direct test
of the critical period hypothesis. The data they are collecting is also valuable to help optimize sampling
efforts for this cohort survival study. For example, in 2015 they had much lower catch rates that the
BCCF microtrolling PIT tagging crews who focused their efforts on deeper strata where Chinook CPUE
was highest (they fished throughout the water column in order to detect depth distribution). Despite
their lower CPUE, the proportion of Cowichan Chinook in their catch (59%) was twice that of the BCCF
crews. They discovered that Cowichan Chinook CPUE was highest somewhat shallower than overall
Chinook CPUE. This information can inform PIT tagging efforts in future years.
Their work is also relevant to the critical period hypothesis in that we are conducting longitudinal
sampling throughout a period when most other fish and oceanographic sampling projects have wound
down. This is the period that precedes the second key mortality period of the ‘Critical Size, Critical
Period’ hypothesis as outlined by Beamish and Mahnken (2001). If juvenile Chinook and Coho salmon
do experience a physiologically induced mortality in the winter due to failure to achieve adequate
growth during the summer, investigation of their habitat use, diet and growth through the late summer
and fall could help elucidate proximate causes of this mortality (for example, does a breakdown of
stratification in the fall suddenly reduce availability of zooplankton prey, resulting in the onset of
starvation).

Residency
Cowichan Chinook salmon are an example of a resident population in that they are thought to spend the
whole of their first summer within the Southern Gulf Islands (Beamish et al. 2012). Understanding in
detail how they utilize this habitat during their first summer at sea and comparing this to how transient
populations utilize this habitat and how they perform outside it (for example data from the DFO high
seas salmon survey) may help elucidate mechanisms leading to out of phase survival dynamics of
resident and non-resident Salish Sea salmon populations. Their preliminary data already suggest
different depth distribution for Cowichan and non-Cowichan Chinook in the Southern Gulf Islands, with
Cowichan Chinook occupying shallower depths and having a diet more dominated by zooplankton prey.

Prey Availability: food supply
Their work is one of the only projects in the SSMSP to directly link prey availability to juvenile salmon
presence, diet and growth. When they have completed our 2015 zooplankton samples and stomach
content analysis they will be able to relate prey availability to juvenile Chinook CPUE, stomach fullness,
stomach contents, and recent growth for the same site and date. When combined with concurrent
physical oceanographic data this will allow them to understand whether fish are seeking out certain
water column attributes and what the consequences of these attributes are for their feeding success
and potentially their recent growth. In turn these data will hopefully contribute to our understanding
broad spatial and temporal scale (years) patterns in food availability for juvenile salmon in the Salish
Sea.
Metabolic Effects
Their work contributes to testing the metabolic effects hypothesis by directly measuring temperature at
the depth, time and site of capture for all juvenile salmon. This will provide the highest possible
resolution data of the temperatures actually experienced by juvenile salmon across a gradient of water
column stratification states and through the season from the warmest period of the year well into fall
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cooling and the breakdown of stratification. It will also provide evidence as to whether juvenile salmon
actively select preferred temperatures. Only by understanding what temperatures the salmon actually
experience can we begin to test whether current, past of future conditions may be deleterious to their
growth and survival. Preliminary data indicate differing depth distributions in Cowichan Chinook CPUE
among study sites, with the most mixed site (Satellite Channel) having the least structured depth
distribution.

Density Dependence and Competition
Their work is seeking to understand how juvenile Chinook and Coho salmon are using their environment
at fine scales in the latter part of their first summer at sea. If juvenile salmon are concentrated in
stratified areas that provide optimal foraging opportunities and/or optimal temperature strata, and/or if
they are concentrated at foraging hotspots such as tidal jets, this has implications for possible
competition effects. Use of limited foraging areas can result in density dependent effects that may not
be detectable when prey abundance or growth are measured at large spatial scales (Walters and Juanes,
1993). Understanding fine scale habitat use is therefore necessary to interpret the likelihood of density
dependent effects.

Predation Intensity
Just as the use of restricted foraging areas has the potential to increase density dependent effects (see
discussion above) it may also multiply predation pressure if predators key in on these areas (trophic
focusing). Their preliminary results provide some evidence of concentration in optimal foraging areas.
For example, a CPUE “hotspot” appears to be present in a backeddy of the tidal jet at Sansum Narrows
during the late flood tide. This hotspot could be a result of vertical advection and/or horizontal
concentration of zooplankton and/or forage fish which are in turn being targeted by juvenile salmon.
Seals are also frequently observed in Sansum Narrows, and this group has been discussing with the
Trites lab at UBC the possibility of linking fine scale fish sampling and marine mammal telemetry during
the 2016 season to investigate the possibility of focused seal predation at this site.
Acoustic Tagging
1. Deployment and Maintenance of Fish Tracking Arrays in the Salish Sea
Team: KINTAMA, Dr. David Welch, Dr. Erin Rechisky, Paul Winchell
Budget Category = “ACOUSTIC TRACKING” numbers 1,2, and 3 on the PSF budget provided below.

Objective:
To unambiguously measure survival and residence times within the entire Strait of Georgia and Salish
Sea, and clarify where survival bottlenecks and mortality hotspots occur.
Background:
The existing array of acoustic receivers in the Fraser River, Salish Sea (northern Strait of Georgia, Juan de
Fuca Strait) and Queen Charlotte Strait was used to produce the first early marine survival estimates for
juvenile salmon in BC and WA. The array is currently being used to track juvenile salmon into the ocean
as well as adults upon return to the Salish Sea. As the existing sub-array running from Comox to Powell
River (termed NSOG) is situated at a location approximately 4/5ths of the length of the Strait of Georgia,
it is not currently possible to estimate survival to the very northern end of the Salish Sea. To address the
SSMSP primary objective of identifying significant factors affecting marine survival of salmonids in the
Salish Sea, Kintama have deployed a new sub-array in 2015, termed the Discovery Islands sub-array,
sited at the northern end of the Strait of Georgia/Salish Sea. This sub-array consists of 43 VEMCO
acoustic receivers (model VR4UWM, “VR4”) (41 of these are on loan to the PSF from the Ocean Tracking
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Network) deployed within the Discovery Islands and Johnstone Strait to monitor juvenile salmon
migration and survival in the Salish Sea between the northern Strait of Georgia and the Broughton
Archipelago. This array will allow researchers to unambiguously measure survival and residence times
within the entire Strait of Georgia and Salish Sea, and clarify where survival bottlenecks and mortality
hotspots occur.

Figure 1. Map of all
receiver sub-arrays
available to track
juvenile salmon in
2015. The red arrays
indicate the new,
dual frequency
receivers deployed in
2015.

The following figures provide more detail of the layout of this new sub-array.

Figure 2. Overview of Discovery
Islands (three components to
the south) and Johnstone Strait
sub-array deployment
locations.
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Figure 3. Three components of the Discovery Islands sub-array. Individual receiver positions are shown in
magenta.

Figure 4. Desolation Sound component of the Discovery Islands sub-array. Individual receiver positions are
shown in magenta.
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Figure 5. Sutil Channel and Uganda Passage components of the Discovery Islands sub-array. Individual
receiver positions are shown in magenta. Note one deviation from the planned location.

Figure 6. Discovery Passage component of the Discovery Islands sub-array. Individual receiver positions are
shown in magenta.
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Figure 7. Johnstone Strait sub-array. Individual receiver positions are shown in magenta. Kintama VR4s are
the two northern-most locations shown, and were deployed using acoustic releases and depth recorders.

Status:
During the spring of 2015, Kintama Research Services successfully deployed 43 VEMCO acoustic
receivers (model VR4UWM, “VR4”) within the Discovery Islands and Johnstone Strait to monitor juvenile
salmon migration and survival in the Salish Sea between the northern Strait of Georgia and the
Broughton Archipelago. These additional arrays will allow Kintama and other researchers to examine
survival of tagged fish on a smaller scale between the existing POST arrays in the northern Strait of
Georgia (NSOG) and Queen Charlotte Strait (QCS) and determine whether the increased mortality rate
north of the NSOG array which we have seen in previous studies, occurs in the very northern 1/5 of the
SoG or within the Discovery Island and Johnstone Strait (Figure 1 above).
Thirty-five VR4 receivers were deployed at or near the positions that were originally proposed (see
figures 2-7 above). The six additional OTN VR4 receivers (along with two VR4s, floatation collars and
anchoring systems which Kintama provided in-kind) were deployed in Johnstone Strait so that salmon
smolts could be potentially detected at a location north of the Discovery Islands. As the Johnstone Strait
sub-array became a priority, deployment of the five planned northern SoG stand-alone receivers to
evaluate possible milling behavior was put on hold in 2015.

In summary, there are now five sub-arrays in which to detect tagged fish in the Salish Sea and Vancouver
Island area, as well as 14 receivers in the lower Fraser River, which greatly increases spatial resolution
and our ability to discern where mortality occurs throughout the Salish Sea.
2. Physiological and environmental factors affecting the migratory behaviour and survival of
sockeye and steelhead salmon smolts
Team: Scott Hinch (University of British Columbia), Tony Farrell (University of British Columbia), Kristi
Miller (Fisheries and Oceans Canada), and Steve Cooke (Carleton University)
Budget Category = “ACOUSTIC TRACKING” number 4 on the PSF budget provided below.
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Objective:
This team will combine novel methodologies (biotelemetry, biomarkers, simulation models, etc.)
simultaneously to examine a variety of factors influencing the migratory behaviour and survival of
sockeye and steelhead smolts in the Salish Sea.

Background:
Using small acoustic transmitters, the behaviour and fate of Chilko sockeye (2016) and Seymour
steelhead (2015) smolts will be tracked from release through the Salish Sea. The condition of these same
smolts will be assessed prior to transmitter implantation and release through the use of biomarkers for
pathogen presence and load, presence of immune- or stress-related responses, and growth potential, to
better understand the links between condition during initial outmigration and survival and behaviour in
the early marine environment.
This group is addressing a number of key hypotheses:
 Factors operate at different levels – survival can be affected by different areas encountered
(that vary in ecosystem/community factors)
 Smolts in poor condition will have poorer survival
 Diseased smolts will have poorer survival (and assumed predation)

Retrospective analyses on a large database generated from ~10 years of acoustic telemetry studies will
determine how migratory behaviour and survival are influenced by oceanographic conditions recorded
in the Salish Sea. Lastly, individual-based models (IBM) will be developed to simulate smolt migrations
by combining various movement behaviours of smolts with fine-scale ocean simulation models to
provide potential migratory pathways through the Salish Sea, and a means of testing what navigation
and/or orientation behaviours smolts use in the early marine environment. Together these studies will
help to provide a mechanistic understanding of salmon smolt migrations to better understand trends in
productivity and survival.

Status and Preliminary Findings:
Short-term objectives
1) Tagging and gill biopsy sampling outmigrating smolts: Acoustic transmitters (300 V7s) were
ordered from Vemco and received in March 2015. From January to March, 2015, UBC had numerous
phone and email discussions with DFO in regards to using the Chilko field camp and coordinating project
logistics in order to capture and tag outmigrating Chilko sockeye smolts. Animal care and fish collection
permits were also obtained during this time. In March 2015, UBC researchers attended the annual
Tsilhquot’in National Government (TNG) Fisheries Forum in Williams Lake to discuss research aims for
First Nations and DFO. In particular, PhD student Nathan Furey presented past, current, and future
Chilko sockeye smolt research, including those of the SSMSP. In April 2015, Steve Healy became a new
MSc student in their group and would lead the field study this spring. He had been their lab assistant for
the past 2 years. Using their salmon rearing lab facilities at UBC, Steve was trained in conducting
surgeries to implant smolts with acoustic transmitters by PhD student Nathan Furey. In March and April,
technician Andrew Lotto set up the rearing lab to house smolts for holding and tagging-effect studies. In
mid-April, a crew of four UBC researchers left for Chilko Lake to capture and tag sockeye salmon smolts.
During the first week, the freshwater receiver array was deployed in the Chilko and Chilcotin Rivers.
Due to unprecedented high water levels, DFO was unable to deploy its counting fence in the Chilko
River. The fence and associated trap box normally enable us to obtain the relatively rare 2 year smolts
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(only 1-5% of the smolt run are 2 year olds) which are the only ones large enough for their tags. DFO
deployed rotary screw traps in an attempt to continue to examine smolt numbers but they were
ineffective at capturing any 2 year old smolts. For two weeks the UBC research crew attempted to beach
and pole seining in multiple locales to obtain appropriately sized smolts. In the end, only 6 smolts large
enough to tag were captured, tagged, and released in the Chilko River. By the end of the first week of
May few smolts were being observed migrating and few were found in bull trout stomachs (part of a
parallel smolt predation study) indicating the smolt run was nearly complete. The UBC crew departed
Chilko during the 2nd week of May and recovered the deployed receivers.
Because tag battery life can be reduced with long-term storage, they wanted to ensure that as many
tags as possible that were in their possession were released this year. There were no other freshwater
capture sites/stocks that they could access this spring to obtain two year old sockeye smolts, so they
rapidly modified their tagging strategy. In 2016, their study had planned to tag and release steelhead
salmon smolts which share a migration route and have a similar coastal life history as Fraser sockeye
smolts, so they initiated a dialogue with the Seymour Steelhead Society, facilitated by Kintama (who
they knew were obtaining Seymour steelhead smolts for a tagging/infrastructure experiment being
funded by the SSMSP) to obtain and tag hatchery Seymour steelhead. These smolts are even larger than
two year old sockeye so there are no concerns about tag burden. In total, 274 Seymour steelhead
smolts were tagged and released during the third week of May 2015. The release locales included: 30
tagged fish released in the Seymour River above the new rockslide, 84 tagged fish released in the lower
Seymour near the estuary, and 160 tagged fish released at West Vancouver near Point Atkinson. This
release strategy was used because recent studies identified Burrard Inlet as having high risk of mortality
for steelhead smolts (Balfry et al. 2011), and they wanted to ensure as many smolts as possible reached
the OTN marine acoustic arrays to facilitate our objectives of linking initial physiological state to travel
rates and fate. The change from Chilko sockeye to Seymour steelhead this spring did not change their
broader objectives, as Seymour smolts were going to be targeted next year (they simply moved the
project ahead a year), and they still plan on tagging Chilko sockeye smolts next year.
Initial data analysis by Kintama has resulted in the plot below showing survival for Seymour steelhead 1)
transported and released in the lower Seymour River and 2) transported and released at the West Van
Lab by the Hinch et al group. There appears to be a large survival deficit evident in Burrard Inlet. The
lower Seymour released fish only traveled an extra 18 km from the second narrows bridge to the lab but
had only 40% survival to NSOG of the fish that were released at the lab. (The figure below excludes
mortality in the river; see the detection site at the mouth in the cropped map below.)
Thus, there appears to be a mortality hotspot in the early marine life history of Seymour steelhead. The
group are interested in investigating this in further detail during 2016.
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2) Assess gill biomarkers: Of the smolts tagged, 168 (6 Chilko sockeye and 162 Seymour
steelhead) had small gill biopsies taken to assess smolt physiological condition (presence and load of
pathogens, and regulation of biomarkers) and link physiological state to survival and behaviour as
determined by acoustic telemetry. In addition, 80 Seymour steelhead that were brought back to UBC
will have gill clips taken as part of the lab-holding study. A summer undergraduate research assistant
(Jeremy Lotto) has been hired to be trained in the lab work necessary to process these samples, which
will occur in the late summer and fall. In addition, 100+ gill samples were also obtained from one year
Chilko smolts in order to assess physiological condition and compare to previous years. Lastly, a tagging
study in 2013 on Chilko sockeye smolts also obtained gill samples (they have not been processed or
related to telemetry data) and those will be made available for this project to provide an additional year
of data to link physiological state and survival.
3) Conduct retrospective analyses (on migration rate and survival): Nathan Furey (UBC PhD
student) and Erin Rechisky (Kintama) have compiled all Chilko sockeye smolt telemetry data to date
(2010-2014 tagging studies) into a single database. Sources of environmental/oceanographic data to
pair with telemetry data are in the process of being identified and downloaded, and will currently
include lighthouse data (DFO), Strait of Georgia oceanographic buoys (DFO), and river temperature and
water height (Environment Canada). They are also currently searching for remote sensing products in
order to add further variables.

4) Conduct retrospective analyses (on movement patterns and migration routes): All telemetry
data for retrospective movement analyses have been organized and processed to define
movement/migration behaviours at the Northern Strait of Georgia (NSOG) array. In total, they have
organized data from >850 combined sockeye and steelhead smolts tagged between 2004 and 2013, and
have determined any lateral (east-west) movements at the NSOG array. Analyses to determine most
common migratory behaviors and how they are related to survival, as well as this project’s write-up, are
currently in progress.
5) Develop individual-based models (IBM): They are currently in discussions with
oceanographers (Neil Banas and Mike Foreman) to determine the best data formats and temporal scale
and ranges to use for development of an IBM for the smolt outmigration. A proof-of-concept model
(using only 10 day’s worth of oceanographic data) has been constructed using the proposed framework,
thus showing the utility of the NetLogo software for use with large-scale oceanographic models. Moving
from such a small time frame (10 days) to a few months (required for the entire outmigration) requires
larger files and thus they are working with collaborators to set up a file transfer system.
3. Comparative Marine Survival of Seymour Steelhead and Testing Performance of 180 kHz Small
Acoustic Tags in the Salish Sea
Team: KINTAMA, Dr. David Welch, Dr. Erin Rechisky, Paul Winchell
Budget Category = “ACOUSTIC TRACKING” number 5 on the PSF budget provided below.

Objectives:
The key objectives of this study are to:
(a) Develop objective calculations of how well an upgraded array with the capability to monitor
smaller, more “modern”, tags will perform,
(b) Establish the cost of developing a 180 kHz marine telemetry platform,
(c) Find the optimal (best possible) array design for a given cost
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Background:
A profound decline in marine survival of BC steelhead stocks occurred starting in ocean entry years
1989/90 over a widespread region including the Strait of Georgia and Queen Charlotte Strait. In this
project, Kintama are measuring early marine survival of Seymour steelhead smolts using the existing
Salish Sea sub-arrays as well as the new Discovery Islands sub-array, which will allow them to partition
survival for a key BC stock into Salish Sea survival (from release to the start of the Discovery Islands) and
survival in the northern Vancouver Island region (from the Discovery Islands sub-array to the existing
Queen Charlotte Strait sub-array). The early marine movements and survival of Seymour steelhead
smolts formed a major focus of work completed using the prototype (POST) acoustic telemetry array
from 2006 to 2009 and will provide an excellent data set which can be used to form a baseline against
which more refined survival estimates using an expanded telemetry array can be compared. This data
will allow Kintama to objectively establish where steelhead “mortality hotspots” occur during the first
month at sea.

The second key objective is to develop baseline “engineering measurements” that will allow the design
of an improved second generation acoustic telemetry array that will be more cost effective than the
current POST prototype and will deliver substantially better scientific data yields while at the same time
allowing researchers to tag a wider distribution of smolt sizes and/or reduce smolt tag burden. To do
this, Kintama are testing the efficacy of the Starit of Georgia receivers to pick up smaller 180KHz
transmitting acoustic tags, and will test how well a solid-state amplifier (currently being developed by
Kintama) can be used to boost detection of those small tags. During 2015 they will test the performance
of amplified receivers relative to the typical Vemco receivers by pairing amplified and normal 180 kHz
VR2 receivers close to the 19 Northern Strait of Georgia receiver locations instrumented with VR3
receivers (which detect 69 kHz acoustic tags only). The comparison will be achieved by double tagging
Seymour steelhead smolts with VEMCO V9-1H (69 kHz, larger sized acoustic tags) and V4-1L (180 kHz,
small acoustic transmitters) and comparing the efficacy of the receivers (amplified and non-amplified) to
pick up these larger and smaller tags.
Status and Preliminary Findings:
On May 13-14, Kintama double-tagged 50 Seymour River (North Vancouver) steelhead smolts with
VEMCO V9-1H (69 kHz) and V4-1L (180 kHz) acoustic transmitters. These 50 double-tagged steelhead
smolts were then held with about 150 untagged smolts, aka “decoys”. Prior to release, 20 of the
untagged fish were surgically implanted with V7 transmitters.

Kintama also completed the design and initial manufacture of new solid state acoustic amplifiers, which
can potentially boost the detection range of 69 kHz and 180 kHz transmitters (tags). To test the
amplifiers, they deployed two pairs of standard and amplified receivers (one pair of each frequency)
near seven existing NSOG stations in Malaspina Strait east of Texada Island. Once the test array was in
position, the double tagged steelhead were released. The double tagged (and V7 tagged) steelhead
smolts were successfully transported and released into Malaspina Strait early on June 16 th to migrate
over Salish Sea acoustic arrays (Figure 1).
The V9 transmitters allowed Kintama staff to estimate early-marine survival through the northern Strait
of Georgia and Discovery Islands, and provided a baseline estimate against which to evaluate the
detection performance of the V4 transmitter (VEMCO’s newest, smallest transmitter) on dual-frequency
subarrays in the Discovery Islands (DI) and Johnstone Strait (JS). Their evaluation of VEMCO acoustic
receivers retrofitted with a solid-state acoustic amplifier to increase tag detection range, is still in
progress.
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Figure 1. Map of the release location and acoustic array used to estimate survival of double-tagged Seymour River
steelhead and to estimate detection efficiency for VEMCO V4 transmitters 2015. The 69/180 kHz subarray at
Malaspina Strait is not shown, but was deployed ~550 m south of the Northern Strait of Georgia subarray on the
east side of Texada Island.

For the deployment of Kintama’s test array and the transport of the double-tagged steelhead, Kintama
chartered the vessel Denman Isle. The Denman Isle is a Canadian Fishing Company (Canfisco) vessel, and
was also used by Kintama for the deployment of the DI and JS sub-arrays in April/May 2015.
There were a few minor changes to their originally proposed work:




They proposed to design and test the new lenses on 180 kHz receivers, but have expanded this
to include lenses for the 69 kHz receivers as well. (No cost implications for this Salish Sea
Marine Survival Project).
They originally proposed to deploy a 180 kHz test array near to and along the full length of the
northern Strait of Georgia (NSOG) array; however, they deployed 180 kHz and 69 kHz receivers
in Malaspina Strait on the east side of Texada Island only.

Because the test array is being deployed in Malaspina Strait, they transported the tagged
steelhead from the hatchery to Malaspina Strait. The advantage of this is that it should have
reduced the mortality that occurs between the typical release site at the DFO West Vancouver
Lab (WVL) and the NSOG array (steelhead are never released at the hatchery), and limit the
section of the NSOG array which must be instrumented with amplified receivers. Although this
means that they will not be able to report survival between the WVL and NSOG, releasing the
smolts in Malaspina Strait means they will be able to estimate survival with more precision in
the critical area in the northern Strait of Georgia between the NSOG array and the new
Discovery Islands sub-array, and between the Discovery Islands sub-array and the new
Johnstone Strait sub-array (and to the Queen Charlotte Strait sub-array). As Professor Scott
Hinch’s (UBC) tagging operations were moved to Seymour Hatchery in 2015 due to the inability
to catch large sockeye smolts up at Chilko Lake (because the DFO weir could not be deployed
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due to high lake levels), survival estimates for Seymour steelhead from the conventional WVL
release site to the NSOG sub-array will still be available from the UBC study.

An animation of the movements of the Seymour River steelhead smolts released in 2015 is available on
their website (http://kintama.com/visualizations/). The animation can be panned and zoomed, and the
display can be customized. Tags and receivers can also be queried to obtain summary statistics as well as
full detection histories.
Survival of Seymour steelhead between release and NSOG was 84%. It then dropped slightly between
NSOG and DI (76%) and again in the final segment DI to JS (72%). Cumulative survival over the ~170 km
from release to Johnstone Strait was 46%. Although mortality was lowest in the first segment after
release, the short distance over which it occurred (~20 km) means that survival rate per km was lower
than in subsequent segments.

Figure 2. Segment-specific survival
estimates (95% CIs) for Seymour River
steelhead smolts released in Malaspina
Strait in 2015.

Figure 3. Cumulative survival estimates
(95% CIs) with distance for Seymour River
steelhead smolts released in Malaspina
Strait in 2015.
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The 69 KHz V9-1H transmitters had 100% detection efficiency at the NSOG and Discovery Islands
subarrays (

Table 1). Detection was also 100% at the Johnstone Strait subarray. Finally, the performance at the
Malaspina subarray was reasonable (DE=79%, SE=6.6%) considering that 2 of the 7 receivers were only
partially operational.
The V4 180 KHz transmitters performed well at the Discovery Island subarray in the period
before their batteries were expected to begin expiry (DE=74%; SE=10%;

Table 2). Since the subarray was fully functional and the tags were operating within their warranted

lifespan, Kintama considers this to be a reasonable estimate of what can be achieved with the V4 tags.

Table 1. Detection efficiency and survival calculated for V9-1H tags implanted in Seymour River steelhead smolts in
2015. N=number, DE=detection efficiency, SE=standard error, S segment=survival in the segments between release and
Malaspina, and then between each set of subarrays; S cumulative=survival from release to each subarray;
NSOG=Northern Strait of Georgia. aTotal does not include 4 fish that were detected on the west side of NSOG after
migrating around the southern end of Texada Island .aPreliminary estimate.

Subarray

N Present N Detected DE (SE)

Ssegment(SE)

Scumulative(SE)

Malaspina Strait
NSOG
Discovery Islands
Johnstone Strait

38a
42
32
23

0.84 (0.052)
1 (0)
0.76 (0.066)
0.72 (0.079)

0.84 (0.052)
0.84 (0.052)
0.64 (0.068)
0.46 (0.07)

30
42
32
23

0.79 (0.066)
1 (0)
1 (0)
1 (0)a
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Figure 4. Detection efficiency of V9-1H and V4-1H VEMCO acoustic tags at the
Discovery Islands subarray. These detections were recorded before the
earliest date of V4 tag expiry as provided by the manufacturer.

Table 2. Detection efficiency by time interval calculated for V9-1H and V4-1H tags implanted in Seymour River
steelhead smolts in 2015. Time intervals were defined by the predicted dates of battery expiry for the V4 tags as
provided by the tag manufacturer.

Subarray
Malaspina Strait

Discovery
Islands

Time Period
Before
expiry
<50%
expired
>50%
expired
Before
expiry
<50%
expired
>50%
expired

N
Present

V9-1H
N
Detected

33

25

DE (SE)

V4-1H
N
Detected

DE (SE)

0.76
(0.075)

11

0.33
(0.082)

1 (0)

0

4

4

1 (0)

19

19

1 (0)

14

12

1 (0)

3

1

11
12

1

11

1 (0)

In summary:
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0

7

0 (0)
0 (0)

0.74
(0.101)
0.64
(0.145)
0.25
(0.125)
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Kintama double tagged Seymour River steelhead smolts with 69 kHz and 180 kHz transmitters in
order to test the performance of the smaller 180 kHz tag which has a shorter range. This was the
first test of this new tag in the ocean and they had very good results: the high power 69 KHz tags
had 100% detection rate and the smaller 180 kHz tags had a 79% detection rate.
Because of the effectiveness of the new dual frequency array design, 180 kHz tags can now be
applied to smaller salmon smolts in order to estimate early marine survival in the Salish Sea with
statistical confidence levels about as tight as past work using 69 kHz tags. (Note that 180 kHz
tags can currently only be detected at Discovery Islands & Johnstone Strait).
The finer scale array showed more evidence of smolts milling, with at least some smolt tags
doubling back to the NSOG sub-array from the Discovery Islands sub-array, a behaviour not
previously seen.

Other studies
Elan Downey, Centre for Aquatic Health Sciences (CAHS), Campbell River
Budget Category = “JUVENILE SALMON SAMPLING” number 13 on the PSF budget provided below.

SSMSP is providing partial support to continue work on juvenile salmon ecology in Campbell River. The
CAHS project focuses primarily on improving the returns of Coho reared at the Quinsam Hatchery in
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 2015.
Status:
The CAHS program is ongoing.

B1.5 [NEW!] Life History, Age, and Growth Investigations of Adult Puget Sound Salmonids
Using Otolith Microchemistry and Scale Morphometrics

Principal Investigator: Lance Campbell (Washington Department of Fish and Wildlife)
Budget Category = “LIFE HISTORY, AGE, AND GROWTH” on the LLTK budget provided below. Budget
reference num. 31.

Objectives:
This work evaluates the hypothesis that diversity of juvenile salmon life histories determined from
returning adults differs regionally and variation in growth among populations is related to adult survival
and ocean conditionsThe goal of this research is to: 1) enumerate any differences in age and marine
growth among populations and geographic regions and 2) make marine growth data available for
survival and forecasting models.
Background:
Calcified fish tissue and bones are well suited for studies of age, life history, residency, and growth due
to three factors: 1) periodicity of newly deposited calcified tissue—days to weeks (Panella 1971, Boyce
1985); 2) relationship between fish size and structure size (scales, otoliths, bone) (Bilton 1975, Campana
and Neilson 1985, Volk et al. 2010); 3) correspondence between water chemistry and the
microchemistry of certain calcified structures (Kalish 1990, Fowler et al. 1995, Zimmerman 2005).
Moreover, the formation of daily growth increments (otoliths), circuli (scales) and annuli (otoliths,
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scales) and the chemical signal in these structures are not subject to change once deposited (with some
exceptions). Therefore these structures can provide an archival record of size, growth, and the
environmental chemistry an individual fish encounters during its life cycle (Campana and Neilson 1985).
A critical life history transition made by juvenile anadromous salmonids occurs when they move from
freshwater rearing areas into brackish or marine waters. Fortuitously, the concentration of strontium
(Sr), a close chemical analog of calcium (Ca), increases dramatically from freshwater to seawater. As
such, several researchers have used the difference in abundance of Sr to delineate when salmonids
enter and start to rear in brackish/marine waters (Kennedy et al. 2002, Volk et al. 2010, Miller et al
2010, Campbell 2010, Claiborne et al. 2014). Transects of anadromous salmonid otoliths, for instance,
are characterized by low Sr:Ca ratios for periods of freshwater rearing and increased Sr:Ca during
periods of brackish and marine-water residency (Kalish 1990, Friedland et al. 1998, Zimmerman 2003).
Status and Preliminary Findings:
Mean scale radius at first ocean annulus is larger for Washington coast fish than for Puget Sound fish,
indicating that returning adults from coastal populations achieve a larger size by first ocean annulus
than returning adults from Puget Sound. There may also be regional differences in growth within Puget
Sound; South Puget Sound fish are smaller at first ocean annulus. However, there are potentially
population-specific growth patterns that have not yet been accounted for. Analyses will continue into
2016.

B1.6 Puget Sound Juvenile Salmon Program – Diagnosing critical growth periods

Principal Investigators: Dave Beauchamp (University of Washington), Josh Chamberlin (NOAA), Julie
Keister (University of Washington). At least 40 other staff provide field and laboratory support from
Washington Department of Fish and Wildlife, the Nisqually Tribe, Tulalip Tribes, Lummi Nation, Skagit
River System Cooperative, Kwiaht, Long Live the Kings, University of Washington, NOAA, and US
Geological Survey.

Budget Category = “JUVENILE SALMON”, “VESSELS”, and “FIELD EQUIPMENT AND SUPPLIES” on the LLTK
budget provided below. Funding is for offshore sample collection, filling nearshore sampling gaps, lab
work, analysis and reporting (budget reference num. 4,5,10,13). This research activity is heavily
dependent upon the freshwater and estuary/nearshore in-kind sampling effort provided by project
partners, an estimated value of $1.5 million/yr.
Objectives:
Determine the magnitude of size-selective mortality at specific life stages, identify periods of critical
growth or mortality, and diagnose which factors most affect growth in specific periods, regions, and
stocks.

Background:
Size-selective mortality provides a conceptual framework for examining and linking processes that affect
growth and survival at different life stages of anadromous salmonids, and for identifying and quantifying
when and where critical periods of growth and survival occur. Insufficient information exists to construct
this from existing data, so a sampling program has been implemented. This work focuses on early
marine life stages of salmon, sampling geographically from smolt traps in the lower river, and continuing
to trap and seine through the estuarine, nearshore, and offshore marine habitats. By relating size
(weight, fork length, condition) of juveniles to adult returns or smolt-to-adult survival (SARs) at regular
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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 growth11 analysis),
fin clips (for archival genetic & stable isotopes) for both marked and unmarked juvenile salmon and their
potential competitors, biomass and numerical density of key zooplankton prey (component part of
zooplankton data collection program but performed simultaneously with fish sampling), and
temperature-salinity during each of these life stages, we can use bioenergetics model simulations to
diagnose which factors most affect growth for specific periods, regions and stocks or species.
Status and Preliminary Findings:
The second year of field sampling for this program was completed in 2015. UW, NOAA, and LLTK
coordinated data and sample collection, data and sample transfers, and sample processing in
conjunction with collaborators who sampled juvenile salmon in hatcheries (pre-release), smolt traps,
estuarine deltas, and nearshore marine habitats. Collections occurred February through October 2015
for given life stages in specific watersheds (Table 1). Nearly all of these samples have been received for
processing at UW and transfer of the remaining samples is currently being coordinated.

The collection protocols developed in 2014 were maintained through 2015, and the use of purse seines,
beach seines, fyke traps, and smolt traps were effective at capturing fish and ensuring 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 remains 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). The research team successfully completed purse seining cruises
in May, June, July, and August to sample offshore habitats associated with all four watersheds
(Nisqually, Snohomish, Skagit, and Nooksack plus San Juan Islands; see Figure 1), conducting 80 purse
seine sets in total. A total of 3,101 individual Chinook salmon were sampled in/around the Skagit,
Nooksack, San Juan Islands (see Table 2), Nisqually, and Snohomish basins for one or more of the
following sample types: scales, fin tissue, stomach contents, and blood.
Lab analysis of all 2014 scales sampled from Chinook in each watershed/habitat has been completed.
Diet analysis and bioenergetics modeling for 2014 are nearly complete, and preliminary results for the
Nisqually and Snohomish systems were presented at the 2015 American Fisheries Society National
Meeting. A selection of 2014 coho scales are also being analyzed as a UW undergraduate capstone
project. Zooplankton prey field data from 2014 were analyzed and preliminary comparison of key prey
densities in the environment to Chinook gut contents is in progress.
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
11
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Lab processing of 2015 samples is currently in progress in the Beauchamp lab (UW) by several trained
lab scientists and technicians. Initial processing efforts are focused on stomach contents for fish from
the Nooksack watershed. Samples collected during the peak abundance periods and in the 2 weeks prior
to- and after the peak periods in each of the specific life stages for each region/watershed will be
prioritized and additional samples will be added as possible. 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. Zooplankton samples
have been transferred to the Keister lab (UW) for processing.

Given the extensive samples collected through this program, lab processing time and turnover in lab
staff are ongoing challenges. The Beauchamp lab (UW) is attempting to optimize effort allocation to the
most productive and time-sensitive topics: for example, by prioritizing fish of known origin. A UW work
study student was hired to assist with lab processing. Availability of work stations was a bottleneck to
processing in 2015 but was addressed by borrowing additional light sources and purchasing an
additional electronic balance.
Summary of presentation at December 2015 retreat - Offshore weights were equal to or greater than
weights in other habitats, including during the same sampling season. Growth rates appeared to
increase in mid-July, the time period that was reported to be highly correlated with survival in Duffy and
Beauchamp 2011 (see figure 2, below). IGF-1 samples from northern watersheds suggests growth rates
are higher offshore (see figure 3). San Juan Island fish had highest IGF-1 levels. Diet data showed that
insects were important in the estuary/nearshore and crab larvae were important to offshore growth.
The peak crab larvae abundance in zooplankton samples occurred prior to fish moving offshore,
suggesting a potential mismatch.

Bioenergetics models based on estuary-offshore movement scenarios and estimated growth suggested
that, for Nisqually hatchery chinook, growth rates and feeding rates were highest offshore but there was
no significant growth advantage associated with any particular habitat: fish that moved offshore later
did just as well as fish that moved offshore early. For Skagit hatchery chinook, fish that moved offshore
earlier had a growth advantage, but their feeding rates later in the season were lower than fish that
moved offshore later.
Table 1. 2015 sampling plan and effort distribution by watershed and life stage.
Watershed

San Juan
Islands

#
sites

Freshwater
freq

Nooksack

1

weekly

Skagit

1

weekly

Snohomish

2

weekly

season

Estuary

# sites

freq

Nearshore

season

Offshore

# sites

freq

season

# sites freq

season

9

bi-weekly

May-Sep

2-5

6 tot May-Aug

10

bi-weekly

Mar-Oct

13

bi-weekly

Mar-Oct

2-3

6 tot May-Aug

Feb-Aug

8

bi-weekly

Mar-Oct

22

bi-weekly

Mar-Oct

5-6

6 tot May-Aug

Feb-Jun

36

bi-weekly

Feb-Oct

10

bi-weekly

Feb-Oct

4-6

6 tot May-Aug
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1

weekly

Feb-Sep

~10
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bi-weekly

Feb-Sep

~25

bi-weekly

Feb-Sep

3-4

6 tot May-Aug

Table 2. 2015 North Puget Sound Chinook salmon sample inventory by watershed and lifestage
Life Stage

Watershed

Freshwater

Estuary

Nearshore

Offshore

Total

% UM

San Juan Islands

n/a

n/a

47

51

98

47%

Skagit

99

233

1228

54%

Nooksack

tbd

72

154

351

69

411

545

637

44%
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Figure 1. Map of purse seine set locations by cruise. Cruise 1: May 11-14; cruise 2: June 8-11; cruise 3: June 22-25;
cruise 4: July 6-9; cruise 5: July 20-23; cruise 6: August 3-6. Numbers represent unique purse seine set numbers.
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Figure 2. PRELIMINARY RESULTS. Weight gains during outmigration, by population. Rapid growth offshore
occurring mid-july, a time period consistent with high correlations between growth and survival as depicted in
upper right-hand corner, from Duffy and Beauchamp 2011 (from presentation by Madi Gamble, UW, at December
2015 US-Canada retreat).

Figure 3 PRELIMINARY RESULTS. IGF-1 results for North Puget Sound illustrating more reapid growth offshore (from
presentation by Madi Gamble, UW, at December 2015 US-Canada retreat. Data from Josh Chamberlin, NOAA).
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B1.7 Zooplankton: Establishing a Puget Sound-wide zooplankton sampling program

Principal Investigator: Julie Keister (U. of Washington), with substantial coordination for field sampling
among multiple parties in Puget Sound, including Tulalip Tribes, Nisqually Indian Tribe, King County, Port
Gamble S’Klallam Tribe, Lummi Nation, KWIÁHT, NOAA Fisheries, 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.

Objective:
A Puget Sound-wide study of the zooplankton community and its critical relationship with salmon was
initiated in collaboration with numerous tribes and agencies around the region to:
1. 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 (MarchSeptember) 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.

Background:
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.

Status and Preliminary Findings:
Since the inception of the project, we successfully initiated and improved the zooplankton monitoring
program including development of field and analysis protocols, distribution of gear and supplies, training
and oversight of field crews. In 2014, a number of field sampling challenges and constraints were
identified such as start delays, the inability of some boats to tow the bongo nets effectively, and poorly
trained field crews. Substantial oversight of the field sampling was added to the project in 2015 to
assess and improve sampling consistency among groups, particularly for the oblique bongo sampling.
Additional equipment (depth sensors) was supplied to the samplers. 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. As a result, the number of low-quality samples that were
collected dropped from ~8% of the total in 2014 to nearly zero in 2015.

In 2014, seven groups participated in the SSMSP zooplankton sampling: King County (KC), Kwiaht (KWT),
Nisqually Tribe (NIT), NOAA, Port Gamble S’Klallum Tribe (PGST), Tulalip Tribe (TU), and the University of
Washington (UW). In 2015, the Lummi Nation (LUM) and WDFW joined the sampling group list. All of
the 2014 taxonomic analysis has been completed and data have been entered into a Microsoft Access
database, quality-checked, and stored in the Cloud. Abundances (# m -3) have been calculated, and time
series of dominant taxa at each location were generated and community analyses were conducted. In
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addition to the time series, depth comparisons were conducted with the bongo samples to determine
the necessity of continuing collections at three different station depths
Currently, 343 bongo and 163 vertical samples collected in 2015 are stored at the UW. Of these, 82
bongo and 114 vertical samples have been processed, the rest are in progress. All KC sample processing
and KC vertical tow analyses were funded by KC. Samples collected by the Tulalip Tribe over winter, and
those collected by UW were not explicitly funded in this project; analysis of those samples will be
conducted if sufficient funds remain.
Table 1. Summary of SSMSP Samples 2014-2015. Low Quality samples were not processed due to various field
equipment failures or lack of recorded flow volume. Unfunded samples are those collected by the sampling groups,
but not funded through SSMPS (mostly winter samples and UW 2015 samples), and therefore not processed. 2015
sample analysis is underway.
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In 2015, we re-assessed our laboratory analysis protocols in an effort to simplify bongo sample analysis
and reduce redundancy between the taxonomic analysis of the vertical nets and bongo samples. We
reviewed the 2014 vertical and bongo sample data and made some adjustments to the 2015 bongo
analysis methods. Specifically, our new bongo analysis protocol combines life stages and discontinued
measurement of some copepods (mainly Calanus pacificus), and combined all species in the family
Cancridae which are well indexed by the vertical nets.
Assessment of the station depths that are currently sampled with the bongo nets is underway with the
objective of refining the sites to sample one site at each station instead of the current 2-3. No decisions
will be made until the 2015 data analysis is complete.
The biggest remaining challenge to the overall data quality is the lack of inter-comparisons among
groups in the field. We will be able to conduct a limited investigation of discrepancies among groups
using data collected by UW near the Tulalip and Nisqually sites, but those collections were not designed
to address the comparisons and so will be limited. That analysis is pending completion of the 2015
taxonomy.

Preliminary data analysis was conducted for presentation at the Puget Sound Marine Waters 2014
Overview meeting on April 1, 2015. A brief summary of the data was prepared for inclusion in the Puget
Sound Marine Waters 2014 Overview report:

Puget Sound Zooplankton: Julie E. Keister (jkeister@u.washington.edu; 206-543-7620), BethElLee
Herrmann, Amanda Winans, and Rachel Wilborn, School of Oceanography, University of Washington
[Prepared for the 2014 Puget Sound Marine Waters Report]
Data shown here were collected with 60-cm diameter, 200-µm mesh plankton nets towed vertically
from 5 m off the bottom (or a max. of 200 m in deep water) to the surface. Samples were taxonomically
analyzed to species and life stage for most organisms.

Zooplankton density and seasonal timing varied across the locations sampled. Overall, copepods as a
group were the most numerous taxa everywhere as is typically the case in marine waters. Larvaceans,
various meroplankton (e.g., barnacles, bivalves, crabs), siphonophores, and amphipods were also
abundant. The heterotrophic dinoflagellate, Noctiluca, was highly abundant during late spring and early
summer. Ordination of the full meso-zooplankton species composition (which does not include
Noctiluca) showed differences in community structure among basins. Axis 3 carried 55.4% of the
community variance: taxa that were most strongly correlated with Axis 3 were the copepods Acartia
longiremis, Pseudocalanus moultoni, copepodites of those genuses, and cladocerans, all of which were
negatively correlated with the axis; Paracalanus parvus and the siphonophores Muggiaea were
positively correlated.
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Figure 1. A) Seasonal cycle of total mesozooplankton (as density, # m -3) at each station. B) Seasonal cycle of
whole water column abundance of the dinoflagellate, Noctiluca. C) Total abundance (gray area) and
abundance of the top five taxa averaged over the three King County sites in Main Basin; note that total and
copepod abundances are on the right axis. D) Map of the sampling locations with symbols colored by
sampling group. E) Non-metric multi-dimensional scaling (NMDS) ordination of the zooplankton community
showing the axes that carried the greatest portion of variance in community structure, with samples
symbol-coded by basin (each point is a single sample).
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B1.8 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
Objectives:
Oceanographic data will be contributed to the LLTK study team in order to evaluate bottom up control
of salmon productivity. The data are also critical for constraining the numerical model that will test the
bottom up hypotheses stratification.

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

Status and Preliminary Data:
A contract for sensor installation and data support for two years (2014-2015) was completed for this
work. All three Puget Sound ORCA moorings (Carr Inlet, Pt. Wells, and Hansville) were instrumented
with functioning meteorological stations (Figure 1) , 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 are recorded and stored on the
buoy controller at 1-minute intervals and telemetered to the shore-based ORCA server at 10-minute
intervals. Data are then displayed and served in near real-time via NANOOS NVS (nvs.nanoos.org)).
Following deployment of all systems, we have worked to increase the reliability and robustness of the
PAR (photosynthetically-active radiation) sensor, which has had intermittent failures due to an outdated signal processing board inside the buoy controller case, by purchasing and testing the signal
processing hardware available from the PAR sensor manufacturer. Unfortunately, we are still working
to resolve issues with the PAR sensor on the North Buoy with the problem potentially related to an
aging analog-to-digital input board on the buoy computer. We believe we can effect a fix in the shortterm for this problem, with a longer-term solution a re-design of this board.

Additionally, we have made significant progress in re-designing specific components of the ORCA
mooring system that will allow greater reliability of individual components of the mooring system
including the MET system. Specifically we house both the winch control and power supply electronics
in a single case that is presently prone to water ingress. We are building pressure cases to replace these
leak-prone boxes, are re-designing the electronics inside to make it more robust. The new design will
also separate winch control and mooring power functions, thus allows systems to operate
independently of winch operations.
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During the last six months we have also worked with NANOOS NVS and the National Data Buoy Center
(NDBC) to ensure that data are available online and meet quality standards. Part of our quality
verification process has been the purchase of a high-resolution hand-held instrument that has been
used to verify the meteorological package measurements both in the lab prior to deployment and in the
field.
The meteorological observations collected from these three systems over 2015 make up a very
important record during a year that had extreme oceanic and atmospheric anomalies. Many
temperature records were set for Western Washington, including most number of days above 90 F for
Seattle and both July and June average temperatures breaking the record for Seattle. Although we do
not yet have extensive historical ORCA observations of meteorological observations, recording
observations during this anomalous period will undoubtedly prove useful to future modeling efforts that
investigate biological sensitivity to such anomalous forcing.

Figure 1: photo of the MET station on the PT Wells ORCA mooring.

Percent data coverage for each of the three sites as of the deployment date of all systems (April 3, 2015)
is as follows: Carr Inlet: 99%, Pt. Wells: 81%, North Buoy 83% (Figures 2-4).
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Figure 2: Summary of Carr Inlet mooring meteorological data for 2015. From top to bottom: PAR, barometric
pressure, air temperature and wind speed.
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Figure 3: Same as for Figure 2 (for 2015) but for the Point Wells mooring. PAR data have yet to be corrected for
offsets and a scale factor for earlier data.
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Figure 4: Same as for Figure 2 for 2015 but for the North Buoy. Note issues with PAR data that are discussed in the
text. Some of these PAR data will be usable after corrections.

B1.9 Linking Puget Sound primary production to stratification and atmospheric drivers on
seasonal to interdecadal scales
Principal Investigator: Parker MacCready (U. Washington) and Neil Banas (U. Strathclyde)

Budget Category = “ECOSYSTEM INDICATORS” in the LLTK budget provided below. Budget
reference num. 29.

Objectives:
We seek empirical evidence that will confirm or reject the hypotheses that 1) interannual variability in
the local winds drives variability in Puget Sound stratification, 2) interannual variability in stratification
drives variability in the timing and magnitude of Puget Sound primary production; and 3) that variability
in cloudiness and light also contributes to variability in primary production. These hypotheses will be
further broken down by season and basin (although the latter is highly constrained by historical data
availability).
Background:
Long-term variation in primary production is likely to affect salmon marine survival either indirectly
through trophic effects (zooplankton and forage fish production) or directly through the underwater
light field during crucial foraging periods. It is also likely that the timing and magnitude of primary
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production are controlled in large part by stratification, especially in spring, and that variation in
stratification is in turn largely controlled by the winds; but these hypotheses, as applied to Puget Sound
on interannual to interdecadal timescales, are as yet unproven and unspecific. This project will analyze
historical observations (weather records and models, hydrographic surveys, moored chlorophyll time
series) in order to confirm or refute these linkages in detail by season, at locations where sufficient
historical data exist. Results will directly inform both ongoing indicator analysis and future spatial
modeling efforts.
Status and Preliminary Findings:
Datasets aggregated for this project include chlorophyll and hydrography from ORCA moorings (Fig. 1)
and DOE monthly sampling, historical hydrographic data at DOE stations, and preliminary
meteorological datasets.

Comparison of ORCA and DOE chlorophyll data suggests that monthly sampling is not sufficient, because
of weather-event-scale variability, to establish relationships between stratification and primary
production, whereas this relationship is in fact detectable in every ORCA time series examined. It
remains to be determined whether the DOE sampling (which reaches significantly farther back in time,
and is more spatially comprehensive as well) has sufficient resolution to establish interannual variation
in the timing and duration of primary production (Fig. 2). The relationship between stratification and
primary production at the ORCAs, once refined statistically, will be available as a high-level test of
numerical models of Puget Sound phytoplankton dynamics.
In order to place the ORCA/DOE data analysis in a longer historical context, we analyzed weather
observations, focusing on fields that are most likely to affect stratification and the phenology of
plankton growth (wind, percent cloud cover, and river flow).

Historical records of Puget Sound river flow and stratification over the past 25 years have been analyzed
to quantify their correlation. Regional stratification appears to be correlated with local river flow (Fig. 3).
However, primary productivity/chlorophyll anomalies are not correlated with stratification anomalies.
(Fig 4). A full technical report that will also include analyses of correlations between with other local
climate anomalies and primary productivity, will be available in spring 2016.
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Figure 1. Monthly averages of depth-integrated chlorophyll at each ORCA mooring location.
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Figure 2. Four years of integrated chlorophyll from the Twanoh ORCA mooring (blue) and from quasi-monthly DOE
sampling at a nearby station (red circles). The two datasets are significantly correlated but the discrete sampling
does not always capture early-spring blooms (e.g. 2007). The reliability of the discrete dataset as a source for
phenological metrics is still being examined.

Figure 3. Stratification is positively correlated with river flow. Top and middle panels show mean stratification and
mean river flow (respectively) across months for five regions of Puget Sound (Bellingham Bay, South Puget Sound,
Central Puget Sound, Hood Canal, and Whidbey Basin). Bottom panels show the correlations between stratification
and flow for each region.
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Figure 4. Analysis of potential for correlations between stratification and cholorphyll anomalies (from MacCready
presentation at the December 2015 US-Canada Retreat)
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B2. Top Down Studies

U.S. and Canadian scientists agree that a unified understanding of the mechanistic association between
Salish Sea bottom-up processes and juvenile salmon survival is vital. However, LLTK, PSF and affiliated
scientists have initially determined that less U.S.-Canada alignment may be of value when investigating
the multitude of other factors that may be contributing to juvenile salmon mortality in the Salish Sea. To
more broadly evaluate these factors, the U.S. and Canadian scientists will have more flexibility to focus
on specific species, approaches, geographic areas, and distinct survival drivers. The results will then be
shared, incorporated into cumulative factors and other comprehensive analyses, and will inform next
steps in research on both sides of the border.
The Canadian major top-down studies for 2015 include assessment of the impacts of seal and fish
predators on juvenile coho and Chinook, analysis of the spatial and temporal occurrence of harmful algal
blooms, and an examination of microbe loads on juvenile salmon. Additionally, the Canadian side have
carried out some hatchery manipulation studies, involving alternative times of release of Chinook into
the Strait of Georgia. Some samples of juvenile salmon were collected from the Strait for future
contaminants analysis, but this program will be more fully developed during 2016.

Top-down studies in the US have focused on contaminants for Chinook (PSC funding), and beyond the
Southern Endowment funded work, contaminants, disease and predation as part of a comprehensive,
predominantly top-down Puget Sound steelhead marine survival research effort, funded with
Washington State appropriations. A report of the steelhead findings from 2014 is now available on the
website www.marinesurvivalproject.com.

B2.1 Disease & Health- Canada

Team: Kristi Miller-Saunders (DFO-PBS), Karia Kaukinen (DFO-PBS), Amy Tabata (DFO-PBS)
Budget Category = “JUVENILE SALMON SAMPLING” numbers 7 on the PSF budget provided below.

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.
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.
Status:
This work is ongoing and no report is yet available.

B2.2 Harmful Algal Program - Canada

Team: Svetlana Esenkulova (PSF), Nicky Haigh (HAMP)
Budget Category = “STAFFING” on the PSF budget provided below (S. Esenkulova is paid PSF staff).
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Objectives:
To determine the prevalence of harmful algal blooms in the Strait of Georgia and their impact on
juvenile salmon.
Background:
The harmful algae program was developed during 2014 with a pilot study in Cowichan Bay. This program
is now fully implemented with collections of phytoplankton taking place throughout the Strait of
Georgia in the citizen science program.

Samples are being collected from stations from February to November, primarily from surface waters,
but at a number of depths (surface, 5, 10, 20m) from 3-4 priority stations. Phytoplankton data collected
are biomass estimation, identification and enumeration of dominant species, % of constituent groups
(diatoms, dinoflagellates, silicoflagellates, raphydophites, nanoplankton, zooplankton), and
identification and enumeration of all harmful algae. The water quality data collected concurrently with
the phytoplankton samples will be used to determine the conditions that appear to promote the
development of harmful algal blooms.
The key hypotheses that are being addressed are:
• Phytoplankton biomass and composition regulate zooplankton biomass and composition
therefore affect salmon survival through food web
• Harmful algae directly affect salmon survival through acute or chronic toxicity or gill damage

Lab studies to assess the conditions that promote development of harmful toxins are currently under
development. The field project may be augmented in 2016 with studies to assess whether juvenile fish
are able to actively avoid blooms in marine waters.

Status and Preliminary Findings:
Phytoplankton samples collected by the citizen science project, and from DFO cruises, as well as from
purse and beach seine events in Cowichan Bay and the area around Big Qualicum River are routinely
identified. Some ongoing smaller citizen science projects to assess water quality in Ladysmith Harbour
and around Saltspring Island also collect phytoplankton samples. Blooms of Alexandrium sp. and of
Chaetoceros sp. have been identified in these collections (former in Ladysmith and latter in Cowichan
Bay).
The information about blooms is posted on a Facebook Site Called “Phytoplankton - Citizen Science
Program” and also to two BaseCamp sites associated with both the Citizen Science program and the
Cowichan studies.

For 2015 the samples collected included: 1400 citizen science samples, 17 beach seine, 50 Purse Seining
samples that were collected during pit-tagging, 98 June-July Ricker samples, 45 September-October
Ricker samples, and 52 samples collected during microtrolling by Will Duguid (UVic) at 10 meter depths.

There were very favorable conditions for juvenile salmon in 2015 across all the Strait of Georgia in terms
of harmful algal blooms (HABs were at their historical [20 years] low). There was a very early spring
bloom (March/April) in 2015; the dominant species during this bloom was the diatom Skeletonema
costatum. There was an unusual prevalence of diatoms in the summer 2015 across the Strait (as
opposed to a more common shift to dinoflagellates). PIs also noted elevated levels of the mechanically
harmful diatoms Chaetoceors convolutus and C. concavicorne in the spring and summer 2015.
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This project has found evidence that harmful algal blooms affect wild salmon (in the same way as they
affect caged salmon) in enclosed bays. This has included of observations of lethargic behavior in chinook
and a 25 fold increase in mortality after PIT tagging operations during a Heterosigma akashiwo bloom in
2014; it also includes observations of lesions in gills collected after the bloom of Chaetoceoros
convolutus and C. concavicorne in 2015 in Cowichan Bay). This group has also observed reduced feeding
and an increased prevalence of empty stomachs in juvenile chinook during high harmful algal biomass
events. Finally, they have observed that abundance of crab larvae (a preferred chinook diet component)
in the water column decreased dramatically after a Heterosigma akashiwo (toxic algae known to affect
fish and zooplankton) bloom.

B2.3 Predation Studies- Canada

Seal Predation
Budget Category = “PREDATION” number 1 on the PSF budget provided below.

Objective:
To determine the prevalence of juvenile salmon, particularly coho and chinook, in the diets of seals in
the Strait of Georgia, and to clarify the impact that the current seal population is having on coho and
chinook populations. There are two main projects being carried out to answer these questions.
1. Impacts of seals on Pacific salmon in Cowichan Bay during spring, summer and fall 2014
Team: Ben Nelson and Andrew Trites (UBC)

Background:
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.
This team have been 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 were collected
over 2013 and 2014 and now 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.
Key goals of this project are to:
1. Estimate the number of juvenile salmon consumed by seals (2012-2013)
2. Use models to infer mortality dynamics
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Status and Preliminary Findings:
Modeling is ongoing in the Trites and Nelson lab.

The key findings to date are as follows:
 Based on an average yearly estimate of coho smolt production of 15.5 million for the period
1998-2007, Ben’s seal consumption model predicts that the harbour seal mean annual
consumption of coho for 2012 and 2013 is as follows:
o 2012: 6.2 million coho eaten, 40% of the population (CV= 1.02)
o 2013: 10.3 million coho eaten, 67% of the population (CV= 0.61)
 Based on an estimated 2010 Chinook smolt production of ~ 66 million, Ben’s seal consumption
model predicts that the harbour seal mean annual consumption of chinook for 2012 and 2013 is
as follows:
o 2012: 26.1 million Chinook eaten, 39.5% of the population (CV= 0.48)
o 2013: 28.3 million Chinook eaten, 43.0% of the population (CV= 0.84)
 Thus, it appears that harbour seal predation is likely responsible for a significant amount of
natural mortality in the early marine stage for both Chinook and coho salmon in the SOG;
 Seal predation is highest when juvenile fish are between 115-145mm in length, and
 Consumption estimates and mortality may be biased due to high emphasis on "estuary seals"
because of the locations diet data were sampled.
 Future sampling should focus on NE Strait and open water/rocky reef habitat
2. 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

Team: Dr. Andrew Trites, Professor, Marine Mammal Research Unit, University of British Columbia,
Austen Thomas, PhD Candidate, Marine Mammal Research Unit, University of British Columbia, Dr. Brian
Battaile, Statistical Consultant, United States Geological Survey (USGS), Hassen Allegue, Msc student,
Marine Mammal Research Unit, University of British Columbia, Steven Jeffries, Research Scientist,
Washington Department of Fish and Wildlife, Dr. Martin Haulena, Head Veterinarian, Vancouver
Aquarium, Todd Lindstrom, Senior Engineer, Wildlife Computers Inc., Brandon Russell, Research
Technician, Marine Mammal Research Unit, University of British Columbia, Kevin Pellett, Fisheries
Biologist, BC Conservation Foundation

Background:
High rates of predation by harbour seals on salmon smolts may explain the decline and lack of recovery
of coho and Chinook salmon in the Salish Sea. However, rates of predation and the relative spatial and
temporal vulnerabilities of smolts to predation by seals are unknown. This study aims to track harbour
seals to estimate rates of predation on coho smolts, and will identify when and where predation is
occurring.
Over the past 3 years the team has developed a satellite-linked PIT tag scanner that is designed to
quantify the number of PIT tagged fish ingested by harbour seals. These RFID tags are suitable to be
affixed to the heads of harbour seals, and the internal PIT tag scanner is activated when seals attempt to
capture fish (head-strikes), thereby detecting the presence of PIT tagged fish in the mouths of the seals.
PIT tag detections are logged by the instrument and then transmitted via the ARGOS satellite network,
providing the number consumed and the complete PIT tag IDs.

88

PSC 2015 Final Report (Jan 2015-Nov 2015)

Salish Sea Marine Survival Project 2015

A second tag has also been developed which incorporates a GPS and 3D accelerometers and will allow
for reconstruction of the fine-scale movements of individuals, to determine the locations and the ways
in which seals are consuming the smolts. The data collected by the seals will be used to create maps of
spatial predation risk needed to identify predation ‘hot spots’ during the critical period of smolt
outmigration. The aim of this study is to test whether harbour seals could be responsible for high
salmon mortality in the Salish Sea, and will provide resource managers with important information
needed to design mitigation strategies for seal predation.
BCCF is responsible for PIT tagging hatchery coho out of Big Qualicum River hatchery, and Austen
Thomas and his team are responsible for tagging seals.

Status and Preliminary Findings:
Half duplex PIT tags were implanted in 36,900 coho smolts at the Big Qualicum hatchery more than one
month prior to the release of 381,800 total coho smolts in early May 2015 (9.7% tagging rate). 20
harbour seals were captured prior to the fish release and outfitted with RFID tags (the PIT tag scanners)
in addition to back mounted GPS/3D accelerometers (used for reconstructing seal movements).
Seals were tagged in the mouth of the Big Q River (9 animals), in addition to nearby rocky haulout sites
(11 animals). The purpose of this design was to determine a coho smolt predation rate for the
animals that likely specialize on out migrating smolts, versus those seals that likely feed in other areas
and represent the larger portion of the seal population.

Coho smolts were released from Big Q hatchery on Monday May 4th. The group received detections
from 4 of the 20 seals, and each transmitted multiple PIT tag IDs. This indicated that these seals
were consuming Big Q coho smolts. All of the seals with PIT tag detections were animals tagged in the
estuary, and haulout observations indicate these animals stayed in the estuary during smolt
outmigration. Corrected counts of harbour seals in the area indicate that the number of seals using the
river was ~96 individuals.
Based on the timing of PIT tag detections seal predation on smolts occurs primarily at dusk and
midnight. During peak outmigration, the per seal smolt predation rates suggested that seals consume
~1kg coho smolts per night. This equals ~½ of their daily energy needs, indicating that smolt
consumption is only part of the daily foraging pattern.

Extending these data only to the ~96 seals using the river, seals consumed ~6.19% of the outmigrating
smolt population. Note that this estimate is substantially lower than the estimate provided by Ben
Nelson’s method, above. The two estimates may be reconciled as follows: 6% of the juvenile salmon
entering the Strait (from hatcheries) may be eaten by estuary specialists (as in this study). Another 34%
of mortality of smolts may occur from high numbers of seals feeding throughout the Strait of Georgia,
giving a total of 40% overall seal-related mortality.
Integration of an accelerometer trigger into the RFID tags extended battery life of the tags from 2 weeks
to 2-6 months. PIT tag detections continued for over 3 weeks after the release date. Future work will
explore alternative ways of doing the population level data expansion.
The backpack GPS unit stored the seal location information and began transmitting the locations
(from the whole deployment) on July 1. This was done to prevent collisions between satellite
transmissions of the head mounted tag and the back mounted tag. The location information and PIT tag
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detections are being used to determine how many smolts were consumed, and when and where
that predation primarily occurred.

According to preliminary spatial distribution data, 16 of 20 harbour seals seemed to use a relatively
limited area around their main haul-out sites whereas 4 harbour seals traveled long distance (>100 km)
and transited between multiple haul-out sites. The seals that consumed PIT tag smolts seemed to forage
mainly in Big Qualicum estuary while traveling back and forth between their respectively main haul-out
sites and the estuary. The seals that did not consume PIT tag smolts have different distribution patterns
than seals that consumed PIT tag smolts and Big Qualicum estuary was not their main foraging spot.

Fish Predation
Team: Dick Beamish (DFO-PBS, retired), Joy Wade (contractor), Dave Preikshot (Madrone
Environmental), Lana Fitzpatrick (DFO-PBS)
Budget Category = “PREDATION” number 2 on the PSF budget provided below.
Objective:
To determine the extent of predation by predatory fish on juvenile salmonids in Cowichan and Qualicum
estuaries.

Background:
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.

Figure 1. Predation studies- gillnetting, bird observations, bird scat collections

90

PSC 2015 Final Report (Jan 2015-Nov 2015)

Salish Sea Marine Survival Project 2015

This project aims to whether fish predation of juvenile Chinook and coho accounts for a significant level
of mortality in this early marine period. Sampling is carried out primarily at night-time, at a variety of
depths, and using a variety of fishing gear including gillnet, trawl and purse seine surveys in both the
area of Cowichan Bay and Big Qualicum River.

Status and Findings:
A gillnetting survey was carried out weekly from April 26 to June 19th 2015 in the estuaries of Cowichan
Bay and Big Qualicum River.
Week (2015)
May 3-9th
May 10-16th

May 17th -23rd
May 24th -30th
May 31st – June 6th
June 7th- 13th
June 14th- 20th
Total # nights fishing

The PIs:

Location
Qualicum
Qualicum
Cowichan
Qualicum
Cowichan
Qualicum
Cowichan
Qualicum
Cowichan
Qualicum
Cowichan
Qualicum
Cowichan

# Trips
1
1
1
1
1
1
1
1
1
1
1
1
1
13



Confirmed the absence of fish predators in Cowichan Bay during smolt outmigration.



Confirmed that predators can be captured with the fishing gear used.



Determined that there were few fish predators in Big Qualicum estuary during smolt
outmigration.

The absence of fish predators in the surface and bottom gillnet sets in Cowichan Bay estuary were
consistent with the study conducted in 2014. Similar results were found for Big Qualicum estuary.
Because it was possible that large abundances of predators arrived after they had finished fishing, they
made several sets in the early morning, late afternoon and evening. Large abundances of Pacific salmon
juveniles were present in the vicinity of the gillnets indicating that the potential food source was there.
Seals were observed actively feeding at both locations.
Bird Predation
Team: Joy Wade (contractor, Fundy Aquatic Services Inc. (and local volunteers)
Budget Category = “PREDATION” number 3 on the PSF budget provided below.

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 nonpasserine birds in this area through a citizen science based project.
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In addition, scat have been collected from known piscivorous birds for DNA analysis at a future date. It
is believed that such an analysis will be able to determine which species of salmon are being consumed
if any.
Status:
This project was piloted in 2014, and although this study was not continued in 2015, there may be
continuation of studies in 2016

B2.4 Nearshore Habitat Studies- Canada

Spatial temporal extent of kelp canopy area: satellite method development for two study areas with
different water turbidity characteristics, and further evaluation for a larger scale mapping project.
Team : Dr. Maycira Costa, MSc. Jennifer O’Neill, MSc Justin Dell Beluz
Budget Category = “NEARSHORE HABITAT” number 1 on the PSF budget provided below.

Objective:
To carry out a pilot study to demonstrate the use of satellite optical imagery to map the canopy
distribution of kelp Nereocystis leutkeana.

Background:
At present, the majority of kelp mapping is conducted manually via transects and aerial photography.
Though effective, the strategy is labour-intensive, requires large time investment, and is limited by the
areas surveyed. Specifically in BC, the Ministry of Environment has conducted kelp surveys in specific
areas along the BC coast since the 70s using transects and infrared aerial photos. Other localized
initiatives of kelp inventory have started recently, for example in Mayne Island and Gabriola Island. A
proposed alternative to transect and aerial photos is the use of optical remote imagery acquired by
satellites which can capture data from large and sometimes inaccessible areas cost- and timeeffectively, nearly instantly, and with high frequency, with the added potential for automation.
Additionally, the historical distribution of kelp can potentially be derived from imagery acquired by the
Landsat series, starting in 1972 up to now, with SPOT series, and more recently with high spatial
resolution satellites, such as WorldView 2 and 3. Given proper methodology is developed for accurate
retrievals of kelp canopy bed extent, satellite technology can be used to describe the special temporal
dynamic of this ecosystem. The best scenario would also combine ground sampling not only for
calibration of satellite data but also for higher scale understanding of the in situ dynamics of this
ecosystem. The need for Nereocystis maps was one of the main outcomes of the Pacific Salmon
Foundation’s Salmon Habitat Meeting in July 2014.
This is a short pilot project (3 months) aiming to evaluate and define methodologies to use satellite
imagery (present and historical) to map the aerial extent of kelp beds on BC coastal waters. The longterm goal is to apply the developed methods to the BC coastal waters and work together with local
communities and First Nations in collaboration with SeaChange to improve data collection and the use
of satellite imagery.
Status and Findings:
This project addresses habitat used by juvenile fish and as such will contribute to the understanding of
the role of the marine environment on the survival of salmon in the Salish Sea. The need of a kelp
distribution map was one of the main outcomes from the Salmon Habitat meeting in July 2014. This was
a short pilot project aiming to evaluate and define methodologies to use satellite imagery to map the
aerial extent of kelp beds on BC coastal waters.
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Mayne Island was selected as the focal study site for the pilot project because of its wealth of historical
Nereocystis distribution data and detailed local knowledge of collaborator, Leanna Boyer of the Mayne
Island Conservancy Society. Mayne Island is situated in the Southern Gulf Islands between Vancouver
and Victoria, British Columbia, within the Strait of Georgia (Figure 1). Portions of the island and its
surrounding marine habitat are situated within the Gulf Islands National Park Region of Canada
(GINPRC). Nereocystis beds are found in the many rocky bays and fringing reefs of the island and
eelgrass forms both flat and fringing beds in several shallow sandy bays. The Mayne Island Conservation
Society together with SeaChange Marine Conservation Society, have been mapping the eelgrass and
kelp distribution from 2008 to present and 2010 to present respectively, via citizen science / community
mapping efforts.

Figure 1. Location of pilot study site, Mayne Island, within red box.

This pilot study demonstrates the use of satellite optical imagery, specifically WorldView-2 and SPOT 6,
to map the canopy distribution of kelp Nereocystis leutkeana. The best kelp map product attained in this
study was produced from the SPOT-6 image, with the selected variable set of principle component PC2
and PC3 after image preprocessing steps of georectification, atmospheric correction, masking of land
and depth below 30 m, and the statistical image processing steps of principle components analysis and
variable reduction.
The comparison of the satellite derived kelp map with the in situ kelp survey showed the high
effectiveness of the developed procedures.
The coverage of the derived kelp map product is dependent on the availability of cloud-free, low tide
imagery, acquired during peak kelp growth months of August through September. The accuracy of the
kelp map product is dependent on (1) atmospheric conditions, (2) sea surface conditions, (3) the
acquisition angle of the sensor, and (4) noise introduced by the optical sensor itself.

It is important to highlight the difficultly in comparing satellite derived kelp maps with in situ survey
data given (1) the mobility of kelp beds at the surface with changing water depth and current direction
throughout tidal cycles; (2) the fast growth rate of Nereocystis rapidly changing the standing crop of kelp
between the time of image acquisition and the time of kelp survey; (3) locational error intrinsic in field
surveys due to occasional human error, the accuracy level of the GPS, and availability of satellites to the
GPS unit; and (4) full characterization of the reflectance of what could be false-positives
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This project is now finished and a new proposal will be developed to expand this project. The long-term
goal is to apply the developed methods to the BC coastal waters and work together with local
communities and Frist Nations in collaboration with SeaChange to improve data collection and the use
of satellite imagery.
Evaluating seagrasses as habitats for juvenile salmon
Team: Laura Kennedy, MSc student, UVic, Dr. Rana El-Sabaawi, UVic, Dr. Francis Juanes, UVic.
Budget Category = “NEARSHORE HABITAT” number 2 on the PSF budget provided below.

Objectives:
To determine the impact of eelgrass density on invertebrate communities, and to determine the
importance of prey originating from eelgrass ecosystems to juvenile salmon diets.

Background:
The primary goal of the SSMSP is to identify the most significant factors affecting the marine survival of
juvenile salmon in the Salish Sea marine environment. Currently, we do not understand how juvenile
salmon in the Salish Sea use nearshore environments in their early marine life, and how habitat
complexity, degradation, or restoration of nearshore environments affects the availability of important
juvenile salmon habitats. Shore development and climate change have led to the loss and degradation
of nearshore ecosystems including seagrasses, which have been shown to be critical for juvenile salmon
in many coastal ecosystems. The goal of this study is 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.
Status and key findings:
Ms. Kennedy’s project had two objectives: 1. to compare the availability of invertebrates along a
gradient of seagrass health, and 2. to assess whether seagrass meadows provide prey for juvenile
salmon. A pilot in the Cowichan Bay estuary showed that the seagrass habitats in the bay were not
suitable for objective 1 (no discernable seagrass gradients, and most meadows only accessible using
snorkeling surveys). As a result, her sampling location was moved to the Comox estuary, which has a
high abundance of accessible seagrass habitat containing a gradient of dense to sparse beds.

In April/May 2015 Ms. Kennedy sampled several seagrass habitats in the Comox Estuary for seagrass
biomass and invertebrate abundance. She also collected plankton and juvenile salmon. Juvenile chum
was the dominant salmonid present, so her project results focussed on the diet of chum salmon only.

Her key findings are as follows:
 Chum salmon do not seem to rely on food from eelgrass ecosystems in the Comox estuary
 Prey abundance increases with increasing eelgrass density
 Eelgrass density does not appear to change the suite of available invertebrate prey, but
presence of eelgrass does (i.e. very few prey are found in unvegetated habitat, and many
different types are found when eelgrass is present).
 Little is known about how salmon utilize estuarine habitat
 More research is needed to understand how salmon interact with the estuarine environment,
and how they might benefit from productive, healthy near-shore ecosystems.
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Estuarine and Coastal Restoration in the Salish Sea
Team: Nikki Wright, Executive Director, SeaChange Marine Conservation Society, Leanna Boyer, B.Sc.,
M.A. Jamie Smith, WCB SCUBA diver, photographer, videographer, Justin Bland, WCB SCUBA diver, Sarah
Verstegen, WCB SCUBA diver, dive tender, SeaChange Operations Manager, Keith Erickson, R.P. Bio,
Galiano Conservancy Association, Anuradha Rao, B.A.Sc., M.Sc., R.P. Bio., David F. Polster, B.Sc., M.Sc.,
R.P. Bio. , Doug Biffard
Budget Category = “NEARSHORE HABITAT” number 3 on the PSF budget provided below.
Objective:
The purpose of this project is to continue to restore estuarine and coastal ecosystem resiliency and
health in the Salish Sea for all species of salmonids and the marine food web upon which they depend.
Background:
This project is part of the bottom-up approach to improving food webs and nearshore habitats for
juvenile salmon within the context of the Salish Sea Marine Survival Project. Eighteen sites are presently
monitored for transplant density and coverage.

For 2015 and 2016, the goal is to continue and expand this work. Three new components to the project
will be added. The first is to add monitoring devices within our transplant sites to understand such
parameters as annual sediment flows, water velocities, light availability and temperature. The second is
to restore nearshore riparian vegetation in areas identified as critical nearshore marine habitats for
juvenile salmon. The third is to begin research through a local university or college on mitigation
methods that can be utilized to increase eelgrass growth in former log boom areas on a small landscape
scale.
Sites so far identified for the above works are the Cowichan Estuary and Genoa Bay, Squamish River
Estuary, Salt Spring Island (Burgoyne Bay), and Burrard and Sechelt Inlets. Video footage will be taken of
all monitored and newly transplanted sites.

Eelgrass and riparian vegetation will be mapped in areas considered critical nearshore and coastal
nursery habitats for salmon in the southern and central areas of the Salish Sea. Restoration of eelgrass
(Zostera marina) will continue using a well- established science based methodology. Riparian shoreline
areas will be restored where feasible. Environmental indicators used to gauge the project’s success will
include the number of potential restoration sites located through inventories, area increase in eelgrass
habitat as measured in meters square, measurement of transplanted eelgrass shoot densities and
metres square of nearshore riparian areas restored.
Activities in all locations will be conducted in consultation with First Nations. Where possible, training in
habitat mapping and restoration will occur in these communities to increase capacity to conserve
nearshore marine habitats. Presentations, field tours and school programs focused on the high value of
nearshore salmonid habitats will continue to be an important stewardship component of this project.

Status and Key Findings:
Eelgrass Restoration:
Eelgrass restoration and monitoring of 18 sites within the Salish Sea is the work of this bottom-up
approach to early marine survival of juvenile salmonids in the Salish Sea. Overall, conservation of
seagrass remains a more reasonable, cost effective alternative than restoration. However, a large
percentage of the nearshore of BC’s coast has been impacted by log storage practices, and remains un-
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vegetated and anoxic habitat wastelands for salmon populations requiring nourishment and refugia
during critical periods of their life cycle.

Impacts on Logging on the Nearshore:
The first sawmills on the west coast of North America, established between 1840 and 1870, were
supplied with logs from trees that had grown at the edge of bays or large rivers. The trees were felled
directly or rolled into the water, and the logs were then floated to the mills. By the early 1880s, the best
timber within 3.2 km of many of the accessible shorelines had been cut. Loggers constantly sought out
streams along which the timber had not yet been cut. If a stream was large enough to float logs, it was
soon in use.

Historical and present day nearshore log storage practices have severely and adversely impacted marine
sediments physically, chemically and biologically. There are gaps in applied scientific research of
affordable and effective methods to mitigate these impacts. If research is supported, it will help with the
identification of adaptive approaches to management that recognize uncertainty and will encourage
innovation with restoration strategies while fostering resilience of eelgrass habitats.
Impacts of Watershed Inputs into Estuaries and Bays:
Land based activities on the watershed scale such as agriculture, stormwater infrastructure and
impervious surfaces from housing developments are examples of the causes of high magnitude algal
blooms in marine nearshore areas. Cumulative effects of multiple stressors on unestablished eelgrass
plantings, such as algal blooms of unusual magnitude, can tip normal marginal conditions to
unfavourable.
Habitat and spawning surveys for surf smelt and Pacific sand lance in the Salish Sea.
Team: Ramona C. de Graaf, BSc. MSc., Jackie Woodruff, GPS/GIS Manager
Budget Category = “NEARSHORE HABITAT” number 4 on the PSF budget provided below.

Objectives:
Objectives of this work are to:
1. Determine the spatial extent of spawning habitat and suitable habitats for surf smelt and Pacific
sand lance in the Salish Sea
2. Protection of forage fish resources (secondary capacity) in the Salish Sea
3. Development of operational statements and best management practices for forage fish
spawning/rearing habitats and marine riparian habitats for local government and stakeholders.
Background:
Sea Watch society’s projects focus on the declining habitat quality for two key forage fish species, surf
smelt and Pacific sand lance, and coastal marine rearing habitat for juvenile salmon.

These projects seek to advance the goal of the SSMSP to support the recovery of wild salmon and
sustainable fisheries by identifying major factors affecting the survival of juvenile salmon in the Salish
Sea by undertaking research activities that protect and restore critical salmon habitats. Critical salmon
habitats include those habitats that support spawning and rearing of prey species vital to salmon
recruitment as defined by WA State ecosystem-based management principles for forage fish
management and the BC Wild Salmon Policy.
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Along shoreline units that have been heavily degraded, restoration/enhancement recommendations will
be made to aid habitat restoration projects to recover and protect declining Strait of Georgia surf smelt
stocks, protect Pacific sand lance spawning habitats, and enhance juvenile salmon coastal rearing
habitats. The maps and data will also assist in allocation of oil spill remediation resources. Such a
project is vitally important to protect and conserve critical marine fish habitats within the project
locations.

Status:
Spawning Surveys by Sea Watch and Community Monitoring Efforts have been carried out for over 9
years. In total, there have been over 275 beaches monitored. Of these 42-44 are positive for Pacific
Sandlance and 48 for surf smelt. In total over 30km of spawning beds have been monitored. In
addition, studies have been underway to elucidate the surf smelt spawning stock structure- both in the
summer, winter and year round.
With respect to the Forage Fish Spawning Habitat Suitability Model, 11 Islands Trust islands have been
completed and project is ongoing; the Lower Mainland project has been completed; and Burrard Inlet
and Howe Sound projects are beginning in 2016. Ongoing research is being carried out into the current
condition (health) of marine shorelines which are important as spawning/rearing habitats for Surf smelt,
Pacific sand lance and neustonic insect prey for juvenile salmonids.
Other areas of progress include the development of a Lower Mainland Beach Spawning Forage Fish
Habitat Technical Review and Restoration Plan. This Plan will provide science-based recommendations
to
 Protect critical forage fish resources
 Prioritize marine shoreline habitat Prioritize restoration areas
 Model the impact of sea level rise on setting conservation targets
 Prioritize enhancement of marine riparian vegetation
Further Case Studies will include Denman Island and the Capital Regional District.

Eelgrass and Kelp Restoration, Courtenay (K’omoks) Estuary
Team: Kathryn Clouston, Comox Valley Project Watershed Society
Budget Category = “NEARSHORE HABITAT” number 5 on the PSF budget provided below.

Background:
Bull kelp (Nereocystis luetkeana) and eelgrass beds (Zostera marina) are productive ecosystems for
salmonids, hosting a myriad of marine plant and animal forms. These critical ecosystems have been
reduced in size thus limiting foraging and refuge areas due to many negative impacts. This group
initiated the mapping of existing and historical eelgrass and kelp beds in the K’omoks Estuary using high
resolution digital aerial photosand interviews from elder residents. This has allowed identification of
sites with a high probability for recolonization.
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In cooperation with the Nile Creek Enhancement Society, Project Watershed plans to put in a 60 m 2 kelp
bed using a 15 m seeded line outplanting in the subtidal area near the proposed eelgrass bed being
planted this summer providing valuable additional habitat for all types of salmonids as well as some
forage fish and other species.
Expected results include:
1. Increase subtidal eel grass habitat area for juvenile salmonids and spawning herring by 1000 sq.
m. / 2015
2. Monitor the three previous eelgrass transplants near Royston Wrecks and continue monitoring
and assessing success / 2015 – 2016
3. Planting of 60m2 seeded kelp line at Royston wrecks area for bull kelp restoration potential in
K'omoks Bay and adjacent Cape Lazo area in collaboration with NCES./2015
4. Assessing the potential and feasibility of a kelp grow line at Royston wrecks to determine
whether an expanded outplanting of bull kelp is feasible at this site to add significant habitat
complexity for outmigrating salmon smolts from the Courtenay River/2015
5. Collection of scientific data on: a) water temperature and light intensity at the kelp and eelgrass
sites for interpretation of environmental conditions affecting kelp and eelgrass habitat
performance during the growing season; and b) restoration performance in the estuary through
surveys of eelgrass and bull kelp distribution using rigorous mapping techniques./2015-2016
Collaborative Bull Kelp Restoration Project
Team: Diane Sampson and the Nile Creek Enhancement Society
Budget Category = “NEARSHORE HABITAT” number 5 on the PSF budget provided below.

Background:
Bull kelp forest habitat has been in steady decline within mid- Strait of Georgia, including Lambert
Channel and Baynes Sound, as well as other coastal regions east of Vancouver Island for the last several
decades. Although the causes of decline are still being elucidated and have resulted in patchy habitat
through many parts of the Salish Sea, this phenomenon is seemingly widespread on the Pacific coast of
North America.
The key hypothesis under consideration for this project is: Reduction of estuary eelgrass and/or kelp
habitat in specific sub-basins (e.g. N.SoG) correlates with lower marine survival.
Aims of this project include:

1. Replanting approximately 1400 m2 of kelp habitat through seeded line at Maude Reef in Ford
Cove on Hornby Island.
2. Planting of seeded line at Northern Baynes Sound in collaboration with Project Watershed;
connection with Island Scallops on large site of seeded lines at Bowser scallop tenure, through
additional collection of data at this site. (see project above)
3. Scientific data collection of environmental conditions, growth and habitat interactions in 2015-6
during the growth of the season’s planting at Maude Reef, Northern Baynes Sound and Bowser
and naturally occurring kelp bed at Denman Island.
4. Completion of analysis of daily SST and salinity database for Chrome Island Light to include
decadal averages for the 1970s and the 1990s, to add to work completed on the 1960s, 1980s
and 2000s already reported in a recent report by this group to PSF (Heath et al. 2015).
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5. Collaborative research with DFO Science partner, Dr. Ianson of IOS, and Island Scallops Ltd on
carbon cycling and ocean acidification (ecological services of kelp);
6. Facilitation of communications between experts and practitioners in this field and initiation of
planning for further research and restoration work (this will, hopefully, include securing a PostGrad Research student).

Status and Key Findings:
A key accomplishment of this research activity was that the main research site at Maude Reef, Hornby
Island, produced a large biomass (several thousand kilograms) of bull kelp that was studied by divers
and extensively sampled for a wide range of environmental conditions. In addition, a second
experimental site was deployed and studied in north Baynes Sound and although not as successful in
kelp production, it was useful in improving knowledge of herbivore interactions with kelp restoration
efforts. A small natural bed at Denman island was also sampled as a reference site. The project was
conducted during on the warmest spring and summer periods ever recorded and provided an
opportunity to study the effects of temperature stress and herbivore grazing as limitations to bull kelp
distribution in an important area of the Salish Sea.

This study made progress toward the SSMSP objective of identifying significant factors affecting the
early marine survival of salmon in the Salish Sea, particularly in the central Strait of Georgia. It has
focused on the factors limiting the distribution of bull kelp (Nereocystis luetkeana) beds in Lambert
Channel and Baynes Sound, a critical nearshore habitat for refuge and feeding of juvenile salmon. A
significant database was diversified and expanded on kelp performance under varying conditions at
several study sites (including temperature, light intensity, salinity, pH, turbidity and chlorophyll; and
under grazing pressure from various herbivore species).
In summary the key findings for both projects “Eelgrass and Kelp Restoration, Courtenay (K’omoks)
Estuary” and the “Collaborative Bull Kelp Restoration Project” are as follows:
1. Transplanting sub-tidal eelgrass is effective in restoring estuarine habitat areas to improve
connectivity.
2. Natural bull kelp beds decreased in study area in 2015.
3. Experimental single-line kelp systems are effective for testing feasibility of restoration sites and
environmental data collection (kelp grew at Royston; grazed at PW-1).
4. Large biomass of bull kelp can be reliably cultured for restoration (at Maude Reef grid site).
5. Limiting factors to bull kelp survival:
 Prolonged (>35 days) temperatures >16C;
 Grazing pressure from sea urchins and kelp crabs;
 Competition from other algae for substrate.
Diversity and structure of coastal eelgrass communities and their importance for maintaining juvenile
Pacific salmon
Team: Dr. Josie Iacarella, post-doc, UVic, and Dr. Julia Baum, UVic.

Background:
On the coast of British Columbia, both eelgrass meadows and Pacific salmon species are declining, yet
eelgrass community dynamics and reliance of juvenile salmon on these communities are poorly
understood. We will assemble the first large-scale dataset from monitoring efforts of coastal BC
organizations in order to assess eelgrass community diversity and structure across environmental and
human disturbance gradients (including boating, fishing, and non-native species). The final outcome of
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this research will be an index of eelgrass ecosystem health for all monitored meadows based on their
ability to provide ecosystem services including provision of habitat for juveniles of salmon and other
commercially-important fishes.
Status:
This project was begun in fall 2015, so an update will be included in the 2016 progress report.

Remote Sensing Methodology to examine the relationships between eelgrass distribution, upland land
use and water quality.
Team: Dr. Maycira Costa, UVic
Budget Category = “NEARSHORE HABITAT” number 6 on the PSF budget provided below.
Objective:
The goal of this project is to quantify the temporal and spatial dynamics of eelgrass habitats and
associated adjacency catchment area land use change over time to further understand temporal
changes and associated disturbance/environmental forcing.

Status:
Project started in October, 2015 and is on-going. They are currently in an organization phase for
partners and data compilation.

B2.5 Contaminants- Canada

We are discussing the development of a contaminants program for the 2016-2017 funding cycle.

B2.6 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.

Objectives:
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.

Background:
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
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populations, especially as they transition from fresh to saltwater, and may reduce their early marine
survival..
Status and Findings
This research activity was completed, and a final technical report submitted in October 2015. The report
will be available shortly at www.marinesurvivalproject.com on the resources page.

All objectives for this study were met. We measured the magnitude of exposure in estuaries of four
major rivers, five nearshore marine habitats and four offshore marine habitats; compared exposure in
outmigrants across river/ marine nearshore systems, and between fresh- and saltwater, and which
habitats types in the outmigrant are some exposed to toxics chemicals; and evaluated the potential
effects on marine survival of Chinook salmon by comparing concentrations of contaminants in the field
against publish effects concentrations.

Overall, this study revealed that a significant proportion of Puget Sound Chinook salmon are at risk for
some type of health impairment due to contaminant exposure. Approximately one third of the juvenile
Chinook salmon sampled from estuary, nearshore marine, and offshore habitats of Puget, regardless of
the degree of development, had contaminant concentrations associated with adverse effects. Levels of
PCBs, PBDEs in whole body tissue samples of salmon from the Snohomish, Green/Duwamish and
Hylebos/Puyallup river systems, and TPCBs in fish from the offshore habitat of the Whidbey and Central
Basins were high enough to potentially cause adverse effects, including reduction in growth, disease
resistance, and altered hormone and protein levels. Furthermore, this study revealed that as juvenile
Chinook salmon migrated from river to offshore waters of Puget Sound, they continue to accumulate
substantial amounts of PCBs and PBDEs, as evidenced by the higher total mass of these contaminants in
their bodies. PCB and PBDE contaminant loading from urbanized river system areas and other sources is
reaching non-urbanized offshore habitats where juvenile Chinook salmon may feed for several months,
sometimes accumulating concentrations high enough to potentially impair their health.

PAHs in stomach contents were elevated in salmon from the nearshore habitats of the Snohomish and
Green/Duwamish systems, at concentrations high enough to potentially affect growth and alter plasma
chemistry and lipid class profiles. Elevated concentrations of copper and lead were also measured in
gills tissue of salmon from developed nearshore marine habitats, however, the potential effects on
salmon health are unknown. In contrast, levels of cadmium and nickel in fish gill tissues appear to reflect
spatial differences likely associated with naturally occurring levels of these elements in the environment.
Preliminary results from this study were used to justify funding for a long–term monitoring survey that
will be used to establish a solid time series of contaminant conditions in juvenile Chinook salmon.
Building on the results of the 2013 study, in 2016 WDFW will expand and modify the sampling to provide
better estimates of contaminant exposure for juvenile Chinook salmon for all populations from each of
the major river systems in Puget Sound. This upcoming study will help identify areas where salmon may
be at risk of contaminant exposure so appropriate toxics reduction activities can be implemented.
Additionally, the 2016 study will provide information necessary to establish a solid time series of
contaminant conditions in juvenile Chinook salmon. Contaminant trends in juvenile salmon is a central
metric of the Puget Sound Partnership's Toxics in Fish Vital Sign, adopted in 2011 by the Leadership
Council, and will be used to track the effectiveness of recovery-actions to improve the of health of Puget
Sound Chinook salmon.
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Results from this study have been disseminated via presentations at various conferences (e.g. 2014
Salish Sea Ecosystem Conference, 2015 Salmon Recovery Conference, 2015 AFS Conference) and to
local, state, federal and tribal managers (e.g., PSEMP Toxics Workgroup[Nov 2014]; EPA Region 10
[January 2015]; [Puget Sound Recovery Council [January 2015]; WRIA 8 Chinook Recovery Team [April
2015]; WDFW Brown-Bag Lunch Seminar Series [June 2014) and WRIA 9 Chinook Recovery Team [July
2014]. The final contract has been sent to the WA Department of Ecology and shortly will be sent to all
of the biologists who assisted with the sampling. Currently, WDFW is working on convert the contract
report into a manuscript for transmission to a scientific journal.

B2.7 Hatchery –Wild Interactions

Team: Mel Sheng (SEP-DFO), Dave Willis (SEP- DFO), Ryan Galbraith (SEP- DFO), Matt Foy (SEP- DFO)
Budget Category = “HATCHERY ASSESSMENTS” 1 and 2 on the PSF budget provided below.

SEP and PSF have been working in partnership on several projects designed to assess hatchery-wild
salmon interactions in the Salish Sea, as well as to improve understanding of the behaviour, marine
distribution, habitat use and competition between hatchery and wild salmon. This work also investigates
various means to produce hatchery fish that survive at higher rates in the marine environment, which
could then allow for reductions in hatchery production while sustaining or improving adult salmon
production.
Delayed release of hatchery coho and Chinook salmon
This study has two main objectives of exploring release strategies that may improve the marine survival
rates and distribution of hatchery coho and Chinook salmon, as well as reducing competition in the early
marine environment between hatchery and wild salmon. Five hatcheries (Big Qualicum, Quinsam,
Seymour, Inch and Chilliwack) will hold trial groups of Chinook and/or coho salmon in the hatchery
beyond the traditional release timing of May through to late June/early July, which is several weeks
after most wild juveniles, will have entered the marine environment. Juvenile fish will be released at a
size that is expected to be consistent with naturally occurring salmon in the ocean at that time. By
holding hatchery salmon longer, a period of several weeks of potential competitive interactions is
eliminated. In addition, both recent (Beamish) and historic (Bilton) scientific work has suggested that
juvenile salmon that enter the Strait of Georgia later and larger and that are able to grow fast are able to
survive at higher rates than those that enter earlier. Furthermore, studies on wild coho at Black Creek
have demonstrated that wild coho that enter the marine environment later and larger can have a
tendency to maintain an “inside” distribution with the Salish Sea. For hatchery coho, this means that
they would be more susceptible to catch in the summer Georgia Strait sport fishery, which historically
was as high as 1 million fish retained.
Funding from the PSF will support the costs associated with extended rearing and coded wire tagging of
these experimental releases. This study is being conducted at multiple locations around the Strait of
Georgia over a period of several years.

Cowichan River Chinook Salmon Coded Wire Tag Application
The Cowichan River Chinook population was historically one of the larger Chinook stocks in the Salish
Sea. This hatchery stock is a Pacific Salmon Treaty indicator stock, which is used to provide information
that is critical to the management of wild Chinook salmon in Lower Georgia Strait. The PSF has been
supporting several initiatives relating to Cowichan River Chinook studies, including genetic-based
hatchery-wild interaction work. This project will increase the marking rate of hatchery Chinook juveniles
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to ~100%, which will allow for full identification of hatchery returns in other concurrent studies. The
increased CWT release also improves the information on coastwide exploitation, survival and
distribution for this indicator, which can provide valuable inferences for wild Chinook stocks in Lower
Georgia Strait.

Parental-based Tagging of Hatchery Coho salmon
As part of a joint project proposal with DFO and Genome Canada, parental based tagging (PBT) of
hatchery coho stocks in Southern BC will be utilized to genotype the majority of hatchery coho smolts
released into the Salish Sea. This work will permit subsequent identification of clipped juveniles and
adults by stock and year of origin, release strategy, and parentage history, and may allow for detailed
investigations of differences in early marine distribution patterns of different hatchery coho stocks.
Furthermore, genetic based sampling of returning adults will allow for identification of genetic,
physiological and environmental factors that affect family-specific survival rates of hatchery coho
salmon, which may support provide a means to allow reduced hatchery coho production while
sustaining or improving adult production.
Full funding for this project has not yet been secured through Genome Canada, however the preliminary
work to collect genetic samples began in 2014.

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). Currently, the U.S. intends to invest more in evaluating this, while the Canadians largely
reference a recent publication by Dr. James Irvine indicating no apparent difference in survival of
hatchery coho with various release and outmigration times (2013). A joint coho retrospective survival
study is nearly complete, funded via SF-2013-I-16 B. The strategy for similarly assessing Chinook is being
completed, as well as for determining the suite of ecosystem indicators to be assessed throughout the
Salish Sea. Furthermore, modelers from the United States and Canada will be discussing approaches and
targeted outcomes this late summer and fall to ensure efforts are well aligned.
The following two activities are occurring in Puget Sound and funded via this grant. The other trend
analyses and modeling activities will be described in detail by the end of the year.
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B3.1 Puget Sound - JEMS zooplankton time series relative to physical controls and salmon
survival
Investigators: Dr. Julie Keister (U. Washington), Dr. Correigh Greene (NOAA)

Budget Category = “ZOOPLANKTON” on the LLTK budget provided below. Budget reference num. 6.

Objectives:
The objective of this study is to utilize a time series of zooplankton data collected in the Strait of Juan de
Fuca to identify the primary environmental variability that correlates with changes in zooplankton
communities and subsequent salmon returns.

Background:
Zooplankton samples have been collected monthly since 2003 (75-cm diameter, 150-μm mesh vertical
nets) during research cruises conducted by the University of Washington (UW) Puget Sound Regional
Synthesis Model (PRISM) program, (http://www.prism.washington.edu/home), and the Washington
Department of Ecology as part of the Joint Effort to Monitor the Strait of Juan de Fuca (JEMS).
Additionally, a single year, region-to-region comparison between zooplankton data and salmon
SARs/survival trends using data collected by NOAA in 2011 throughout Puget Sound may also be
analyzed.
Status and Preliminary Findings:
‘JEMS’ vertical net tows collected by the Department of Ecology between April 2011 – Nov. 2014 were
analyzed by taxonomist Olga Kalata and the full time series (2003-2014) has been analyzed to examine
correlations between the zooplankton community, environmental variability, and salmon survival. The
analysis revealed compelling correlations between the zooplankton community structure and coho
salmon survival over the 2003-2010 time period that fish survival data are available (Figure 1). Results
were incorporated into salmon survival modeling conducted by Correigh Greene at NOAA and presented
at AFS.

After in-depth analysis of the taxa that drive the correlations between the zooplankton community and
coho salmon survival, subtle differences in the way the 2011-2014 samples were analyzed compared to
the 2003-2010 data was noticed, so the samples were sent back to the taxonomist to refine the
identification of a group of copepods that are particularly important to the correlations (the
Pseudocalanus species). The taxonomic re-analysis is in progress.
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B3.2 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.

Objectives:
The objective of this study is to develop life cycle models for two intensively monitored Puget Sound
Chinook populations to test the relative importance of life history variables to overall survival.

Background:
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).
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Status and Preliminary Findings:
We investigated relatively simple limiting factors models to test for the effects of juvenile life history
diversity and concomitant differences in marine survival. These models were used because they are
relatively easy to parameterize given limited information about fish habitat use in a watershed. We
tested the models using long-term data on Chinook salmon in the Skagit River, where an Intensively
Monitored Watershed (IMW) Program has revealed strong density dependence in life history variation,
particularly upon fry migrants, a life history type that bypasses rearing in the estuary. The model
suggests that estuary restoration can facilitate adult returns by providing more rearing area for
migrating fry, thereby increasing marine survival due to larger body size at outmigration in a larger
proportion of the population. These benefits should be particularly observable when adult returns are
large enough to induce density dependence among emergent fry within the river. This research helped
to provide a basis for testing the hypothesis that habitat limitations in freshwater and estuary habitats
are depressing marine survival rates. Our results suggest that this hypothesis is plausible and they match
predictions from current monitoring work of the Skagit River Chinook salmon population.

B3.3 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.

Objectives:
The objectives of this study are to evaluate trends in Chinook marine survival over time, compare
marine survival of Salish Sea populations to coastal populations, and determine the degree of synchrony
in survival trends across geographic regions.
Background:
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
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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.
Status and Preliminary Findings:
The US-Canada Chinook Task Team identified 58 candidate hatchery Chinook stocks to complete
required cohort analyses to generate a time series of smolt to adult survival for each candidate
population. Candidate populations were chosen based on filtering criterion agreed to by the project
principal investigators including spatial and temporal coverage, data quality, and representation of
coarse patterns of Chinook life history diversity (e.g. subyearling versus yearling release strategy, and
summer versus fall run timing). All 58 populations chosen for the retrospective analysis of marine
survival are representative of 5 distinct spatial regions from Oregon to Alaska including Puget Sound,
Strait of Juan de Fuca, Strait of Georgia, northern coastal areas (Northern BC and Alaska), and southern
coastal areas (West Coast Vancouver Island, Columbia River, and Oregon Coast). All metadata associated
with each population have been incorporated into a data table to be used for the current modeling
efforts to understand spatial and temporal patterns of Chinook marine survival. Finally, a map detailing
the spatial scale of the study and locations of each population included in the retrospective survival
analysis has been completed.

For each population, we reconstructed abundance of age-2 cohorts using the virtual population
technique currently utilized by the Chinook Technical Committee to evaluate ocean exploitation rates of
Chinook indicator stocks. The cohort model specifically utilizes coded wire tag (CWT) recoveries from
marine and freshwater fisheries, and spawning ground surveys to reconstruct cohort abundance at
specific age classes/time-steps. While there are gaps in the time series of survival for many of the
populations, the entire time series of smolt to adult survival represented by all 58 populations spans a
time series of 39 years including brood years 1971 – 2008.
The Task Team utilized a variety of approaches intended to identify the spatial scale of coherence in
patterns of marine survival including a cluster analysis, a pairwise distance-correlation decay model,
multivariate autoregressive state-space (MARSS) models, and a dynamic factor analysis. The best-fit
MARSS model (Figure 1) suggested four regional groupings with a structural change in survival trends (a
“regime shift” in survival): 1) Southeast Alaska and BC Coast, 2) Strait of Georgia, 3) Puget Sound, and 4)
WA/OR Coast and Strait of Juan de Fuca. However, there was high inter-population variability. The
cluster analysis did not indicate strong regional groupings over time, and the distance-survival
correlations did not indicate strong coherence between neighboring populations over time. The team
concluded that differences in survival patterns over time may indicate that hatchery chinook
populations are more strongly influenced by localized environmental factors than large-scale forcing
factors (e.g., PDO). A draft manuscript is currently under review by the work group.
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Figure 1. Fitted values (thick black lines) obtained with the top MARSS model identifying four distinct
temporal trends in survival among 36 hatchery Chinook stocks grouped according to the following
geographic areas: A) SE AK/Northern BC, B) Juan de Fuca & WCVI/WA/Or Coast, C) Puget Sound, and D)
Strait of Georgia. Solid (sub-yearling) and dashed (yearling) grey lines are the observed survival values.
Blue lines are the best fit models testing for a specific regime change in temporal patterns for each of
the 4 regions. The solid black point and blue lines at the bottom of each panel indicate the mean and
95% confidence interval (where computable) of the estimated year of survival regime change in each
region.
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C. Budget and Funding Updates

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

Detailed Statement of Operations
Restricted - SSMSP
Life to Date – November 30, 2015

PSF BUDGET

2014

Deferred Contribution Revenue

1,444,967

Total Revenues
Staffing

Project coordinator
Technician
Phytoplankton taxonomist
Communications

5b. Physical, Chemical, and Acoustical Oceanography of Cowichan
Bay 2014
6. Coupling state-of-the-art chemical oceanography with biological
relevance
7. Zooplankton and ichthyoplankton status and trends in the
northern Salish Sea
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Total

3,804,584

1,444,967

2,359,617

3,804,584

60,915
20,018
34,238

85,605
69,695
36,758

146,520
89,713
70,996

115,171

192,058

307,229

10,478

23,007

33,485

2,531
242,087
3,403
-

77,480
8,182
33,644
79,081
18,763
6,173
24,544

80,011
250,269
33,644
79,081
18,763
9,576
24,544

-

-

-

10,478

Biological Oceanography
1. Citizen Science
Boats
Equipment
Citizen Fishers (application)
Initial Instrument Set-up & Data User Services Support
Engineeer Support Package
Nutrients
2. Spatial temporal analysis chlorophyll, turbidity and sea surface
temperature of the Salish Sea: an integration of satellite imagery
and data from vessels of opportunity
3. The effects of food availability and physical circulation on early
marine survival of juvenile salmon in the Strait of Georgia
4. High temporal resolution monitoring of surface water properties
in the Salish Sea
5a. Observation of temporal and spatial variability of water-column
physical chemical and biological properties in Cowichan Bay

2015

2,359,617

23,007

33,485

-

90,785

90,785

1,444

-

1,444

-

-

29,066

21,726

120,444

29,066

21,726

120,444
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PSF BUDGET

2014

Forage Fish
1.Juvenile Herring Survey
2.Forage Fish Hydroacoustics
Juvenile Salmon Sampling
1.Early Life History and Critical Rearing Habitat Requirements of
Cowichan River Chinook Salmon 2014
2.Cowichan Juvenile Chinook Habitat Use Assessment to Direct
Lower River & Estuary Rehabilitation 2014
3.Cowichan Chinook downstream survival (RST)

4.A PIT tag based method to investigate survival of Cowichan River
Chinook throughout various stages in their marine life
5.Equipment- PIT tags
6.PIT tag readers
7. Early Mortality Study
8.Plankton & Stomach Analysis - Cowichan survey
9.Charters
10a.Variation in juvenile Cowichan River Chinook salmon
distribution, diet, and growth rate in relation to tidal mixing and
water column stratification: validation of a novel high spatial and
temporal resolution approach utilizing microtrolling and RNA:DNA
ratios
10b.Feasibility Study for Using Miniaturized Trolling Gear
11. DNA costs for Avid Anglers
12. BQR coho enumeration (TBD)
13.Discovery Passage Plankton Monitoring and Juvenile Salmon
Assessment CAHS
Predation
1.Seals
2.Fish
3.Birds
Acoustic Tracking
1.Receiver Deployment
2.Equipment
3.Charters
4.Physiological and environmental factors affecting the migratory
behaviour and survival of sockeye and steelhead salmon smolts
5.Seymour Steelhead Marine Survival & 180kHz Tag Evaluation
Nearshore Habitat
1.Spatial Temporal Extent of Kelp Canopy Area
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2015

Total

249,465

509,888

759,353

15,300
-

14,186
-

29,486
-

15,300

14,186

29,486

36,925

-

36,925

6,516

23,538

30,054

86,446

17,885

104,331

190,000
16,395
68,496
-

45,650
5,804
84,796
15,000

235,650
22,198
153,292
15,000

4,928

-

4,928

20,000
31,622

10,076

-

19,522
-

20,000
31,622

19,522
10,076

476,988

221,941

698,929

223,239
16,900
21,628

306,973
7,200
8,015

530,212
24,100
29,643

261,767

322,188

583,955

79,994
-

173,612
105,230
106,100
201,504

173,612
185,224
106,100
201,504

79,994

630,180

710,174

-

31,955

31,955

-

43,734

43,734
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PSF BUDGET

2014

2.Evaluating Seagrasses as habitat for juvenile salmon
3.Salish Sea Nearshore Conservation Project
4.Forage fish spawning habitat surveys
5.Eelgrass and Kelp Restoration, Courtenay
6. Impact of upland land use on Eelgrass

2015

Total

66,200

179,398

245,598

-

14,639
8,990

14,639
8,990

55,000
11,200
-

Hatchery Assessments
1.CWT application Cowichan
2.Fish Food
SOG Data Centre
Contractor
Payroll

23,629

23,629

2,651

29,418
15,494

29,418
18,145

2,651

44,912

47,563

-

50,485

50,485

88,951

57,696

146,647

-

Analysis & Modelling (TBD)
Travel, Materials and Supplies
Admin Fees
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50,485

-

50,485

-

88,951

57,696

146,647

78,002
1,444,967

90,049
2,359,617

168,051
3,804,584

78,002

Total Expenses

55,000
37,673
29,716
71,454
19,800

-

-

Other Staffing

37,673
18,516
71,454
19,800

90,049

168,051
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2. Long Live the Kings
Detailed Statement of Operations, Restricted - SSMSP - PSC
Salish Sea Marine Survival Project - 2015 expense update, Dec 1 2014 -Nov 30 2015

Description

Ref

Revenues

2014 Carry forward
2014 Final Payment
2015 Deferred Contribution Revenue

$429,715
$90,000
$200,000

Total Expenses

$429,715
$90,000
$360,000

2015 Budget
(Dec 1 2014 Nov 30 2015)
$429,715
$90,000
$400,000

Variance

$0
$0
$40,000

$879,715

$919,715

$40,000

1
2
3
30
30
30

$7,684
$0
$11,607

$10,623
$0
$15,000
$15,419
$234

$10,623
$0
$15,000
$25,200

$0
$0
$0
-$15,419
-$234
$25,200

4
5
28

$101,060
$77,590
$8,438

$101,060
$93,933
$8,438

$157,824
$114,241
$8,438

$56,764
$20,308
$0

6
7

$65,828
$0

$104,595
$3,000

$160,860
$3,000

$56,265
$0

9

$8,045

$21,946

$24,900

10

$39,403

$49,403

$46,693

$2,954
$0
-$2,710

11

$0

$35,439

$35,439

$0

31

$0

$48,500

$48,500

29
33

$0
$0

$24,528

$62,516
$16,000

$37,988
$16,000

26
12
32

$1,625
$4,359
$12,348

$2,825
$8,175
$17,572

$6,625
$7,911
$17,571

$3,800
-$264
-$1

14
10

$7,228
$1,000

$7,228
$1,000

$10,000
$1,000

$2,772
$0

15
16
27

$384
$1,678
$3,000

$384
$4,416
$5,000

$800
$4,000
$5,000

$416
-$416
$0

17
18
19
20

$3,119
$1,202

$3,200
$3,583
$2,879

$3,200
$1,250
$0
$5,000

$0
-$2,333
$0
$2,121

21
22
23
24

$465
$509
$372
$61

$572
$1,605
$1,371
$250

$500
$1,200
$550
$250

-$72
-$405
-$821
$0

Expenses

COMMUNICATIONS & FUNDRAISING
Matt Hagen (photographer)
Natasha Dworkin (media development, press management)
Shamra Clark (private fundraising consultant)
OTHER PROJECT COSTS
Travel
Conferences
US/Canada Retreat**
Research Contingency
ADMINISTRATIVE COSTS
Internet Services (WebEx, Basecamp)
Printing, copying, postage
Telephone and Long Distance
Office Supplies
Administrative Overhead
(18% of LLTK direct costs. No overhead on subcontracts)

Actual
(Dec 1 2014 Nov 30 2015)

$719,715

Total Revenues

STAFFING: LABOR, WAGES, SALARIES, AND BENEFITS
Mike Schmidt
Iris Kemp
Jacques White
Josh Chamberlin
Derek Arturburn
Post-doc (TBD - for ecosystem indicators, etc)
CONTRACTS*
Juvenile Salmon
NOAA (Chamberlin & Greene)
U. Washington (Beauchamp)
Skagit Coop (Beamer)
Zooplankton
U. Washington (Keister)
Kwiaht (Barsh)
Physical Monitoring
U. Washington (Newton & Mickett)
Vessels
Pacific Crest Seafoods (Brajcich)
Contaminants
WDFW (O'Neil)
Life History, Age, and Growth
WDFW Campbell
Ecosystem Indicators
U. Washington (MacCready)
NOAA (Greene)
Salish Sea hatchery Chinook survival
Private Contractor (Rawson)
WDFW (Anderson)
Skagit Coop (Ruff)
FIELD EQUIPMENT AND SUPPLIES
Zooplankton: sample jars, fuel for collaborators
Net Repair

Actual
(Dec 1 2014 - June
30 2015)

25

Net Surplus/(Loss)***

$5,414

$11,098

$7,627

-$3,471

$362,418

$554,775

$801,718 $246,943

$357,297

$324,940

$117,997

*Other than NOAA, all contracts are monthly or quarterly reimbursement.
**Retreat will be paid for by the Pacific Salmon Conservation Foundation in 2015.
***Project partners agreed on sustaining carryforward for critical multi-year efforts. See expense descriptions for
the total cost of particular multi-year efforts.
****See expense descriptions for explanation of more significant variances in budget to actuals
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LLTK EXPENSE REPORT COST DESCRIPTIONS
Ref
1-3

Vendor/Category
Staff Wages/Benefits

4

NOAA (Chamberlin &
Greene)

5

U. Washington
(Beauchamp)

6

U. Washington
(Keister)

7

Kwiaht (Barsh)

8
9
10
11
12
13

Tulalip (Field staff)
U. Washington
(Newton & Mickett)
Pacific Crest Seafoods
(Brajcich)
WDFW (O'Neil)
WDFW (Anderson)

14

Juvenile Salmon: purse
seine
Zooplankton supplies

17
18
19
20

Travel
Conferences
US/Canada Retreat
Research Contingency

2124
25

Administrative Costs

26

Private Contractor
(Rawson)

15
16

27
28
29

Matt Hagen
Natasha Dworkin

Administrative
Overhead

Shamra Clark

Skagit Coop (Beamer)
U. Washington
(MacCready)

Description
Direct costs for project management, collaboration, research planning,
communications and outreach
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). There was a
delay in modifying the contract because of a human resource management issue at
NOAA involving Josh Chamberlin. See element 30, below. The contract mod is
proceeding in early 2016. [Total 2014-2016 PSC allocation = $220,597 through June
2016]
Contract: B) Field work, lab work, analysis, reporting: juvenile Chinook and coho critical
growth periods. The expenses recored are through October only. Billing is quarterly.
[Total 2014-2016 PSC allocation = $160,002 through June 2016]
Contract: A) Training field samplers, lab work, analysis, reporting: Puget Sound-wide
zooplankton sampling program. The Keister lab expense/burn rate has been lower
than expected. Also, lab requested an extension from June 2016 to December 2016.
[Total 2014-2016 PSC allocation = $214,946 through December 2016]
Contract: Field support for zooplankton and juvenile salmon sampling in the San Juan
Islands
Contract: Field support for zooplankton sampling in Possession Sound (Snohomish
Basin)
Contract: Install new weather and PAR sensors on 3 Puget Sound ORCAS water quality
profiling buoys. Create modules so new data will be available via NANOOS data
streaming web page. Maintain NANOOS and buoys. [Total 2014-2016 PSC allocation =
$56,866]
Contract: Purse seine charter for juvenile salmon sampling and some zooplankton
sampling. Includes captain, crew, supplies, food, moorage.
Contract: Perform contaminants analysis of juvenile Chinook collected on Puget Sound
Ricker cruise in 2013. Completes juvenile outmigrant profile of contaminants.
This is the subsequent phase following the coho retrospective survival work (SF-2013-I16B)
Purse seine net purchased from Pacific Crest Seafoods. PCS also produced the seine for
the Canadian's work.
Nets, flow meters, sample jars, fuel for collaborators. Note, no collaborators decided
to take a fuel reimbursement. Funding will be transferred to 2015 efforts.
Contractor: professional photograher to help establish photo catalog for project
Contractor: Project media (brochures, case statements, and other project
descriptions) development, web site development support, press management.
Travel to Canada and for field staff support
Registration for Salish Sea Conference (Kemp, Schmidt, White)
Annual retreat for U.S. and Canadian scientists to aide alignment and compare work.
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
(Self-explanatory) Internet Services (WebEx, Basecamp), Printing, copying, postage,
Telephone and Long Distance, Office Supplies
LLTK is appying our standard rate of 18% only to direct costs incurred by our
organization. No overhead is being applied to subawards/subcontracts.
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).
Contractor: Fundraising consultant for LLTK, Salish Sea Marine Survival Project
fundraising campaign.
Contract: Support for fish collection in Bellingham estuary and nearshore
Contract: Assess stratification as a mechanism for predicting primary productivity.
Create wind, cloudiness and light, and stratification long-term datasets for eco
indicators analyses. MacCready only billed through October. Also, he has required less
funding than originally thought for this exercise. His contract has been extended
through December 2018 so that the funding can be used by him to provide his
expertise to help bring Puget Sound physical data into a forthcoming Puget Sound
Atlantis food web model.
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30

Post-doc + Chamberlin
and Aterburn

31

WDFW (Campbell)

32
33

Skagit Coop (Ruff)
NOAA (Greene)

Salish Sea Marine Survival Project 2015

Originally envisioned a direct hire start in in fall 2015: lead investigator on ecosystem
indicators (forecasting and retrospective) under guidance of a managing PI from NOAA
. However, that was delayed. Dr. Kathryn Sobocinski, has been hired and started
working on Jan 19, 2016. This line item was instead used to cover Josh Chamberlin.
While Josh has been covered through a contract to NOAA (item 4), NOAA had a lapse
in their agreement with him, causing us to have to take him on our payroll while they
get it worked out. Derek Aterburn was hired to help overcome some delays in
processing juvenile salmon in support of item 5.
Contract: Life History, Age, and Growth using otolith microchemistry and scale
morphometrics. Agreement began in June; however, work was delayed until October.
Work has begun; however, WDFW has yet to bill. [Total project 2015-2016 PSC
allocation = $93,073]
Contract: Lead PI on Salish Sea hatchery coho survival analysis
Contract: Managing investigator on ecosystem indicators. NOAA staff have determined
that this funding should instead be added to funding to support Dr. Kathryn
Sobocinski, referenced in item 30.
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