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The Third NPAFC-IYS Virtual Workshop on 

Linkages between Pacific Salmon 
Production and Environmental Change 

 
May 25‒27 (Canada/USA), 2021 

May 26‒28 (Japan, Korea, and Russia), 2021 
 

Virtual Workshop 
 
The North Pacific Anadromous Fish Commission (NPAFC; https://npafc.org) is pleased to invite you to the Third 
International Year of the Salmon (IYS) Workshop on “Linkages between Pacific Salmon Production and 
Environmental Changes” to be virtually held on May 25‒27, 2021. The IYS Workshop will bring together 
scientists, managers and other stakeholders to consider the current and future status of salmon and their habitats for 
the conservation of anadromous populations in a changing world.  
 
Background 
 

Pacific salmon face many challenges and uncertainties associated with environmental variability, including climate 
change. It is more important than ever that we promote new international cooperative research that provides better 
scientific information on the ecological mechanisms regulating production of anadromous populations and climate 
impacts in North Pacific marine ecosystems. 
 
The North Pacific Anadromous Fish Commission (NPAFC) and North Atlantic Salmon Conservation Organization 
(NASCO) are leading a major initiative entitled “International Year of the Salmon (IYS).”  IYS provides an 
international framework for collaborative outreach and research. These efforts will raise awareness of the 
challenges salmon face for improved stewardship during this period of increased environmental variability. 
 
The IYS overarching theme is “Salmon and People in a Changing World” with six subthemes: (1) Status of 
Salmon; (2) Salmon in a Changing Salmosphere; (3) New Frontiers; (4) Human Dimension; (5) Information 
Systems; and (6) Outreach and Communication. IYS is stimulating investment in research expected to provide a 
legacy of knowledge, data/information systems and tools, and help train a new generation of scientists better 
equipped to provide timely advice to improve stewardship of salmon. In addition, the IYS program is connected to 
the 2016–2022 NPAFC Science Plan, whose research themes are (1) Status of Pacific salmon and steelhead trout; 
(2) Pacific salmon and steelhead trout in a changing North Pacific Ocean; (3) New technologies; (4) Management 
systems; and (5) Integrated information systems. Annual progress for each research theme is reviewed at a series of 
NPAFC-IYS workshops including the present one. 
 
Workshop Objectives  
 

 Improve knowledge of the migration, growth and survival of salmon and their environments;  
 Increase understanding of the causes of variations in salmon production in changing environments;  
 Anticipate future changes in salmon ecosystems and resulting changes in the distribution, survival, and 

abundance of salmon; 
 Discuss the application of new and developing technologies and analytical methods to research and manage 

salmon; 
 Demonstrate integrated information/data management systems to support research, sustainable management, 

and understanding for the conservation of salmon; and 
 Describe policies designed to ensure the resilience of salmon and people in changing environments. 
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Topic Sessions 
 

Topic 1. Salmon production in changing environments  
Moderators: Ed Farley* (SC & TCG-1), Jim Irvine* (SC), Ju Kyoung Kim (SC & TCG-1), Svetlana Naydenko 
(SC), and Hiromichi Ueno (TCG-1) *session co-leader 
 
The response of Pacific salmon to climate-driven environmental changes is variable and differs by species, 
populations, life stages, geographical locations, and/or seasonal timing. Variation in the early marine survival of 
salmon has been hypothesized to have a major role in determining brood year strength. However, there has been 
limited evidence to support this hypothesis. We need to understand the causes and mechanisms of mortalities at 
each stage of the salmon life cycle. This is necessary to understand and predict the responses of salmon to climate 
change and other factors, and to prepare for future scenarios. In the ocean, for example, climate change may result 
in significant variability and overall declines in the carrying capacity and usable habitat of Pacific salmon in the 
North Pacific Ocean, potentially leading to expanded use of the Arctic Ocean. An improved understanding of 
linkages between environmental changes and salmon production will help to enhance our predictions of changes to 
the distribution, abundance, and vulnerability of salmon populations to climate change for sustainable resource 
management. 
 
1-1. Status and trends of key salmon populations and their environments 
Time series of regional salmon production and biological and physical characteristics of key salmon populations 
and their ocean habitat provide broad scale perspectives necessary to examine the underpinnings of ocean salmon 
production and marine ecosystem conditions. The purpose of this sub-session is to understand the current status 
and trends of Pacific salmon production and their habitat. 
(Keywords: key salmon populations, trend, spawning escapement, catch, survival rate, body size, fecundity, smolt 
production, distribution, abundance, habitat conditions, and others) 
 
1-2.  Effects of freshwater habitat changes on salmon production 
Physical changes to freshwater ecosystems resulting from human impacts and climate change will degrade and 
diminish available habitat, reduce reproductive success, and impact migration of salmon. Increasing water 
temperatures may cause direct and indirect impacts on salmon including physiological stress, increased depletion 
of energy reserves, increased susceptibility and exposure to diseases, and disruptions to breeding efforts. The 
sub-session will: (1) review the impact of freshwater habitat changes on salmon production; and (2) evaluate 
effectiveness of habitat restoration programs to enhance resilience of salmon. 
(Keywords: freshwater salmon habitat, human impact, climate change, reproductive success, growth, migration, 
physiological stress, diseases, mortality, restoration, resilience, and others) 

 
1-3.  Survival mechanisms of juvenile salmon in changing ocean environments  
There is growing recognition that size-dependent mortality of juveniles within the first ocean year regulates Pacific 
salmon production, which also suggests that environmental influences are greater in the first ocean year than later. 
The sub-session aims to increase our understanding of survival mechanisms of juvenile salmon and their responses 
to changing environments including SST, salinity, currents, prey abundance, inter- and intra-specific competition, 
and predators. 
(Keywords: juvenile salmon, marine survival mechanism, ocean entry, feeding, growth, migration, SST, salinity, 
currents, prey, competition, predators, and others) 
 
1-4.  Winter ocean ecology and survival of Pacific salmon  
One hypothesis is that winter is a critical period for Pacific salmon in the ocean, but winter surveys have been 
limited, and have yet to fully test this hypothesis. Key gaps in our understanding of winter ocean ecology and 
survival of salmon include: (1) winter ocean distribution and abundance by species and population, (2) ocean 
habitat environments including prey abundance, (3) key factors influencing winter distribution and abundance, (4) 
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effects of changing winter environments on feeding, growth and metabolism, and (5) mechanisms determining 
winter survival. The international Gulf of Alaska expedition conducted in 2019 was the first comprehensive survey 
of Pacific salmon in winter/spring in the North Pacific Ocean in several decades. Results from this expedition will 
be presented to fill gaps in our knowledge of winter salmon in the ocean. Other presentations on winter salmon 
ecology and survival are welcome. 
(Keywords: winter salmon, spatial and temporal dynamics of habitat conditions, stock-specific distribution and 
abundance, preys, food web, feeding, metabolism, growth, trophic and health conditions, survival mechanisms, and 
others) 
 
1-5.  Linkages between salmon production and climate/ocean changes  
The future of salmon is uncertain. Climate change may increase variability in the carrying capacity and usable 
habitat (distribution) of salmon in the ocean. Improved understanding of linkages between environmental changes 
and salmon production will help anticipate the economic consequences of these changes. The objectives of the 
sub-session are to: (1) understand and quantify the effects of environmental variability and anthropogenic factors 
affecting salmon distribution and abundance; (2) develop methods to predict future changes in salmon distribution 
and abundance with climate change, and (3) predict implications of climate/ocean environmental changes on 
salmon management. 
(Keywords: climate impact, distribution, abundance, carrying capacity, linkage between salmon, climate and 
ocean changes, forecast models, energy budget models, biophysical models, and others) 
 
Topic 2. New technologies/integrated information systems for salmon research and management 
Moderators: Kazushi Miyashita (TCG-3), Dion Oxman (TCG-3), Shunpei Sato (TCG-3), and Mark Saunders* 
(SC) *session leader 
With recent advancements in technology, data processing, and analytical methods, new tools are available to better 
study and manage salmon. The IYS aims to further advance the development of new and emerging technologies 
and analytical methods that are immediately available for salmon research and management. In addition, the IYS 
seeks to create open-access information systems for salmon research and management, and to develop 
management systems to aid the sustainable conservation of salmon in a changing climate. 
 
2-1. New technologies 
Novel stock and fish identification methods including molecular analyses, genomics, environmental DNA (eDNA), 
hatchery mass marking, intelligent tags, and remote sensing, continue to be developed, and these tools are integral 
to the formulation of effective models predicting the distribution and abundance of salmon populations. This 
sub-session will emphasize: (1) eDNA as an indicator of salmon distribution and abundance in aquatic ecosystems; 
(2) use of existing scale and otolith collections to determine ocean distribution of salmon (otolith microchemistry) 
and analyses of growth patterns to examine size-dependent mortality hypotheses; (3) potential for the application 
of real-time GSI and detection of pathogens at sea; and (4) intelligent data logger and tacking methods to 
determine migration behavior and survival. 
(Keywords: genomics, environmental DNA, molecular identification, mass marking, intelligent tags, salmon 
observation systems, remote sensing, microchemistry, and others) 
 
2-2. Integrated information and management systems 
The IYS seeks to develop integrated information/data management systems using new and existing data sets to 
increase the resiliency of salmon and people in a changing world, to support research and management, and to 
increase public understanding of the role salmon have in ocean ecosystems. For the sustainable conservation of 
uncertain salmon populations, we need to develop integrated management systems including ecosystem-based 
management, improved management strategies for harvest and escapements, long-term sustainable conservation of 
genetic units and diversity, restoration and protection of marine and freshwater habitat, control of diseases and 
pollution, resilient salmon enhancement/hatchery technologies, and application of indigenous and local/traditional 
knowledge. 
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(Keywords: integrated information system, management strategy of harvest and escapements, genetic 
conservation, habitat restoration and protection, control of diseases and pollution, renovation of 
enhancement/hatchery technologies, indigenous and local/traditional knowledges and others) 
 
Topic 3. (Special Session) Resilience for salmon and people: lessons from the Great East Japan Earthquake 
in 2011 
Moderators: Jun Aoyama* (SC & TCG-2), Masahide Kaeriyama (TCG-1), and Shigehiko Urawa (SC & TCG-4) 
*session leader 
 
The IYS is seeking to ensure that salmon and people are resilient to changing environments. The Great East Japan 
Earthquake (GEJE) on March 11, 2011 was devastating for salmon and people. It created a massive tsunami that 
killed more than 18,000 people and gravely damaged the coastal zone systems, including salmon habitats, 
hatcheries and fishery facilities along the Pacific coast of northern Honshu. Tohoku Ecosystem-Associated Marine 
Sciences (TEAMS) was launched in January 2012 as a decade-long project to clarify the impacts of the GEJE and 
the restoration process of marine ecosystems for the reconstruction of local subsistence and fishery industries. In 
conjunction with TEAMS, this special session is planned to review the impact of the GEJE on salmon, people and 
coastal ecosystems, and the recovery processes for human security and risk management. Lessons learned from 
this project should contribute to enhancing the resilience of salmon and people in the face of future challenges 
elsewhere. 
 
3-1. Restoration of ecosystems and human society in the coastal zone systems 
Salmon have a long historical association with local people in northern Honshu, being a vital resource for various 
aspects such as food, economy, recreation, culture and education. The GEJE damaged coastal ecosystems as well 
as human society connecting with salmon and other marine resources. Long-term monitoring surveys have been 
initiated by TEAMS to assess changes in the marine ecosystems and human society affected by the GEJE. This 
sub-session introduces the outcomes of TEAMS to understand the process and mechanism of restoration in coastal 
ecosystems and the recovery of human society. 
(Keywords: coastal ecosystem, human society, impact of earthquake/tsunami, restoration, and others) 
 
3-2. Research for retrieval and sustainable management of salmon populations 
Chum salmon are an important fish resource in northern Japan, and most populations have been maintained by 
hatchery releases. This sub-session introduces research results of TEAMS in order to: (1) assess the impact of the 
GEJE and other factors on the behavior, survival and returns of chum salmon; and (2) review the procedure of 
recovery and sustainable management for chum salmon populations. 
(Keywords: chum salmon, survival, impact of earthquake/tsunami, recovery procedure, sustainable management, 
and others) 
 
3-3. Risk management and sustainability for the coastal zone systems and salmon production 
As a result of the huge tsunami, millions of tonnes of marine debris including live organisms were widely 
dispersed into the Pacific Ocean. Radioactive materials were also released into freshwater and marine 
environments from the damaged Fukushima Daiichi nuclear power plant. In addition, non-native coho salmon 
escaped from broken net-pens in coastal waters. The sub-session intends to recommend: (1) risk management 
approaches including the adaptive management, precautionary principle and feedback control between monitoring 
and modeling; and (2) sustainable processes for the coastal zone systems and salmon production from catastrophic 
disaster, such as the GEJE and global warming effects. 
(Keywords: risk management, adaptive management, monitoring, modeling, sustainable process, coastal zone 
system, salmon production, and others) 
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 May 25, 2021 (Tuesday, Vancouver Date & Time)

Item Time slot Duration* Topic Presenter Author

Opening Remarks 16:00-16:10 10 min

Overview of IYS 16:10-16:25 15 min Mark Saunders IYS NP Director

Topic 1. Salmon Production in Changing Environments 

(Moderators: Ed Farley*, Jim Irvine*, Ju Kyoung Kim, Svetlana Naydenko, and Hiromichi Ueno, *session co-leader)

Introduction-1 16:25-16:35 10 min T1 Ed Farley and Jim Irvine

1-1. Status and trends of key salmon populations and their environments (chair: Ed Farley)

Keynote-1 16:35-17:00 25 min T1-1 Andrey Krovnin Andrey Krovnin et al

Live Oral-1 17:00-17:15 15 min T1-1 Vladimir Radchenko Alexander Kaev and Vladimir Radchenko

Live Oral-2 17:15-17:30 15 min T1-1 Ciaran Byrne Ciaran Byrne et al.

1-2. Effects of freshwater habitat changes on salmon production (chair: Jim Irvine)

Keynote-2 17:30-17:55 25 min T1-2 Samantha M. Wilson Samantha M. Wilson and Jonathan Moore

Live Oral-3 17:55-18:10 15 min T1-2 Muchammad Fajri Muchammad Fajri et al.

Break 18:10-18:15 5 min

1-3. Survival mechanism of juvenile salmon in changing ocean environments (chair: Svetlana Naydenko)

Keynote-3 18:15-18:40 25 min T1-3 Michael J. Malick Michael J. Malick

Keynote-4 18:40-19:05 25 min T1-3 Eva B. Thorstad Eva B. Thorstad et al.

Live Oral-4 19:05-19:20 15 min T1-2 Yuki Iino Yuki Iino et al.

1-4. Winter ocean ecology and survivals of Pacific salmon (chair: Ju Kyoung Kim)

Keynote-5 19:20-19:45 25 min T1-4 Aleksey Somov Aleksey Somov et al.

Live Oral-5 19:45-20:00 15 min T1-4 Evgeny A. Pakhomov Evgeny A. Pakhomov et al.

 May 26, 2021 (Wednesday, Vancouver Date & Time)

Item Time slot Duration* Topic Presenter Author

1-5. Linkages between salmon production and climate/ocean changes (chair: Hiromichi Ueno)

Keynote-6 16:00-16:25 25 min T1-5 Greg Ruggerone Greg Ruggerone et al.

Live Oral-6 16:25-16:40 15 min T1-5 Andrey Krovnin Andrey Krovnin et al.

Live Oral-7 16:40-16:55 15 min T1-5 Karen Dunmall Karen Dunmall et al.

1-6. Summary and discussion (chairs: Ed Farley and Jim Irvine)

Summary & Discussion-1 16:55-17:25 30 min T1

Break 17:25-17:30 5 min

Topic 2. New Technologies/Integrated Information Systems for Salmon Research and Management

(Moderators: Kazushi Miyashita, Dion Oxman, Shunpei Sato, and Mark Saunders*)

Intoruction-2 17:30-17:40 10 min T2 Mark Saunders

2-1. New technologies (chair: Dion Oxman)

Keynote-7 17:40-18:05 25 min T2-1 Bill Templin Bill Templin et al.

Keynote-8 18:05-18:30 25 min T2-1 Muneharu Shimizu Muneharu Shimizu

Live Oral-8 18:30-18:45 15 min T2-1 Christoph M. Deeg Christoph M. Deeg et al.

2-2. Integrated information and management systems (chairs: Shunpei Sato and Kazushi Miyashita)

Keynote-9 18:45-19:10 25 min T2-2 Scott Akenhead Scott Akenhead et al.

Live Oral-9 19:10-19:25 15 min T2-2 Hiroshi Ueda Hiroshi Ueda et al.

Live Oral-10 19:25-19:40 15 min T2-2 Brett T. Johnson Brett T. Johnson et al.

 2-3. Summary and discussion (chair: Mark Saunders)

Summary & Discussion-2 19:40-20:00 20 min T2

TIMETABLE AT-A-GLANCE (subject to change)  updated on March 1, 2021

The Third NPAFC-IYS Virtual Workshop on Linkages between Pacific Salmon 

Production and Environmental Changes 

Vladimir Radchenko and Shigehiko Urawa
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 May 27, 2021 (Thursday, Vancouver Date & Time)

Item Time slot Duration* Topic Presenter Author
Topic 3. Resilience for Salmon and People: Lessons from the Great East Japan Earthquake in 2011
(Moderators: Jun Aoyama*, Masahide Kaeriyama, and Shigehiko Urawa)
Intoruction-3 16:00-16:10 10 min T3 Jun Aoyama
3-1. Restoration of ecosystems and human society in the coastal zone systems (chair: Masahide Kaeriyama)
Keynote-10 16:10-16:35 25 min T3-1 Akihiro Kijima Akihiro Kijima

Live Oral-11 16:35-16:50 15 min T3-1 Jun Aoyama Jun Aoyama and Susumu Hyodo
Live Oral-12 16:50-17:05 15 min T3-1 Tsuyoshi Nagasaka Tsuyoshi Nagasaka and Yuichi Shimizu
3-2. Research for retrieval and sustainable management of salmon populations (chair: Jun Aoyama)
Keynote-11 17:05-17:30 25 min T3-2 Masahide Kaeriyama Masahide Kaeriyama et al.

Live Oral-13 17:30-17:45 15 min T3-2 Hideharu Tsukagoshi Hideharu Tsukagoshi et al.

Live Oral-14 17:45-18:00 15 min T3-2 Yuki Minegishi Yuki Minegishi et al.

Break 18:00-18:05 5 min

3-3. Risk managements and sustainability for the coastal zone systems and salmon production (chair: Shigehiko Urawa)

Keynote-12 18:05-18:30 25 min T3-2 James R. Irvine James R. Irvine et al.

Keynote-13 18:30-18:55 25 min T3-2 Richard D. Brodeur Richard D. Brodeur et al.

Live Oral-15 18:55-19:10 15 min T3-2 Ikutaro Shimizu Ikutaro Shimizu and Katsuhiro Miki

Summary & Discussion-3 19:10-19:40 30 min T3
Closing Remarks 19:40-19:45 5 min Shigehiko Urawa Workshop Chairperson

*Dates/Time:
Japan/Korea: 08:00–12:00, May 26 to 28, 2021
Russia (Vladivostok):09:00–13:00, May 26 to 28, 2021
Canada/USA (Vancouver/Seattle): 16:00–20:00, May 25 to 27, 2021
USA (Alaska): 15:00–19:00, May 25 to 27, 2021

*Time slot breakdown:
Live Oral speakers: 12 min presentation + 3 min question/discussion
Keynote Oral speaker: 20 min presentation + 5 min question/discussion

3-4. Summary and discussion: Overview of lessons learned for future challenges (chairs: Jun Aoyama, Masahide Kaeriyama & Shigehiko Urawa)
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Pre-recorded Oral-1 Topic 1-1 David Warren Welch David Warren Welch et al.

Pre-recorded Oral-2 Topic 1-1 Sue C.H. Grant Sue C.H. Grant et al.

Pre-recorded Oral-3 Topic 1-1 Hirokazu Urabe Hirokazu Urabe et al.

Pre-recorded Oral-4 Topic 1-1 Shunpei Sato Shunpei Sato and Shigehiko Urawa

Pre-recorded Oral-5 Topic 1-1 Elizabeth Lee Elizabeth Lee et al.

Pre-recorded Oral-6 Topic 1-1 Merran Hague Merran Hague et al.

Pre-recorded Oral-7 Topic 1-2 Takaaki Abe Takaaki K, Abe and Takashi Kitagawa

Pre-recorded Oral-8 Topic 1-2 Kiyoshi Kasugai Kiyoshi Kasugai et al.

Pre-recorded Oral-9 Topic 1-2 Marisa N. C. Litz Marisa N. C. Litz et al.

Pre-recorded Oral-10 Topic 1-2 Alexandra G. McInturf Alexandra G. McInturf et al.

Pre-recorded Oral-11 Topic 1-3 Richard J. Beamish Richard J. Beamish and Chrys Neville

Pre-recorded Oral-12 Topic 1-3 Neala W. Kendall Neala W. Kendall et al.

Pre-recorded Oral-13 Topic 1-3 Elizabeth A. Daly Elizabeth A. Daly et al.

Pre-recorded Oral-14 Topic 1-3 Yuya kogame Yuya Kogame and Hayato Saneyoshi

Pre-recorded Oral-15 Topic 1-4 Caroline Graham Caroline Graham et al.

Pre-recorded Oral-16 Topic 1-4 Shigehiko Urawa Shigehiko Urawa et al.

Pre-recorded Oral-17 Topic 1-4 Charles D. Waters Charles D. Waters et al.

Pre-recorded Oral-18 Topic 1-5 Nate Mantua Nate Mantua et al.

Pre-recorded Oral-19 Topic 1-5 Megan V. McPhee Megan V. McPhee et al.

Pre-recorded Oral-20 Topic 1-5 Jennifer L. Gosselin Jennifer L. Gosselin et al.

Pre-recorded Oral-21 Topic 1-5 James Murphy James Murphy et al.

Pre-recorded Oral-22 Topic 2-1 Hiroki Mizumoto Hiroki Mizumoto and Hitoshi Araki

Pre-recorded Oral-23 Topic 2-1 Daria A. Zelenina Daria A. Zelenina et al.

Pre-recorded Oral-24 Topic 2-1 Hitoshi Araki Hitoshi Araki et al.

Pre-recorded Oral-25 Topic 2-1 Pavel B. Mikheev Pavel B. Mikheev et al.

Pre-recorded Oral-26 Topic 2-1 Dion Oxman Dion Oxman et al.

Pre-recorded Oral-27 Topic 2-2 Brittany Jenewein Lingbo Li et al.

Pre-recorded Oral-28 Topic 3-1 Kenji Yoshimura Kenji Yoshimura and Ryusuke Kodani 

Pre-recorded Oral-29 Topic 3-2 Tatsuya Kawakami Tatsuya Kawakami et al.

Pre-recorded Oral-30 Topic 3-2 Satoki Oba Satoki Oba et al.

Pre-recorded Oral-31 Topic 3-3 Kei Sasaki Kei Sasaki et al.

*Pre-recorded Oral Presentation: Video (MP4, max 15 min) converted from PPT or other formats with narration

Pre-recorded Oral Presentations

 



The Third NPAFC-IYS Workshop (2021) on Linkages between Pacific Salmon Production and Environmental Change 

viii 

E-Poster-1 Topic 1-1 Fumi Yamaguchi Fumi Yamaguchi et al.

E-Poster-2 Topic 1-1 Skip McKinnell Skip McKinnell et al.

E-Poster-3 Topic 1-1 Аnastasia М. Khrustaleva Аnastasia М. Khrustaleva et al.

E-Poster-4 Topic 1-1 Takashi Abe Takashi Abe and Hideaki Kudo

E-Poster-5 Topic 1-1 Toshihiko Saito Toshihiko Saito

E-Poster-6 Topic 1-3 Kentaro Honda Kentaro Honda et al.

E-Poster-7 Topic 1-3 Mitsuru Torao Mitsuru Torao et al.

E-Poster-8 Topic 1-3 Shigehiko Urawa Shigehiko Urawa and Alexander Bugaev

E-Poster-9 Topic 1-3 Tomonori Azumaya Tomonori Azumaya et al.

E-Poster-10 Topic 1-3 Tomoki Sato Tomoki Sato et al.

E-Poster-11 Topic 1-3 JuKyoung Kim Hana Kim et al.

E-Poster-12 Topic 1-3 Yosuke Koshino Yosuke Koshino et al.

E-Poster-13 Topic 1-4 Nadezhda Khristoforova Nadezhda K. Khristoforova et al.

E-Poster-14 Topic 1-5 Masahide Kaeriyama Masahide Kaeriyama

E-Poster-15 Topic 1-5 Hirokazu Urabe Hirokazu Urabe and Akiyoshi Shinada

E-Poster-16 Topic 1-5 Steve Lindley Steve Lindley and Nate Mantua

E-Poster-17 Topic 2-1 Alexander V. Bugaev Anastasia D. Denisenko et al.

E-Poster-18 Topic 2-1 Alexander V. Bugaev Оksana А. Pilganchuk et al.

E-Poster-19 Topic 2-1 Hayato Saneyoshi Hayato Saneyoshi et al.

E-Poster-20 Topic 2-1 Arimune Munakata Arimune Munakata et al.

E-Poster-21 Topic 2-2 Toshihiko Saito Toshihiko Saito et al.

E-Poster-22 Topic 2-2 Hiromichi Ueno Yuka Karasawa et al.

E-Poster-23 Topic 2-2 Yue Zhang Yue Zhang et al.

E-Poster-24 Topic 2-2 Yoshinari Uematsu Yoshinari Uematsu et al.

E-Poster-25 Topic 2-2 Ryoma Hoson Ryoma Hoson et al.

E-Poster-26 Topic 2-2 Masanobu Yoshida Masanobu Yoshida et al.

E-Poster-27 Topic 2-2 Yasuyuki Miyakoshi Yasuyuki Miyakoshi

E-Poster-28 Topic 2-2 Sei-Ichi Saitoh Sei-Ichi Saitoh et al.

E-Poster-29 Topic 3-2 Shigenori Nobata Shigenori Nobata et al.

E-Poster-30 Topic 3-2 Yuichiro Yamada Yuichiro Yamada et al.

E-Poster-31 Topic 3-2 Shino Kitamura Shino Kitamura et al.

E-Poster-32 Topic 3-2 Hideharu Tsukagoshi Hideharu Tsukagoshi et al.

E-Poster-33 Topic 3-3 Hideki Kaeriyama Hideki Kaeriyama 

*E-Poster Presentation: Electronic (E) poster (PDF) converted from one slide or multiple slides in PPT or other formats

E-Poster Presentations
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TENTATIVE PROGRAM for LIVE ORAL PRESENATIONS 
(Subject to change without notice) 

*Presenter 
May 25 (16:00–20:00, Vancouver/Seattle; 15:00–19:00, Alaska) 
May 26 (08:00–12:00, Japan/Korea; 09:00–13:00, Russia, Vladivostok) 
 
16:00–16:10 Welcoming and Opening Remarks 

Vladimir Radchenko (NPAFC Executive Director) and Shigehiko Urawa (Workshop Chairperson) 
 

16:10–16:25 Introduction of the IYS 
Mark Saunders (Chair of the IYS North Pacific Director and IYS WG Chairperson)      

 

Topic 1.  Salmon Production in Changing Environments   
(Moderators: Ed Farley*, Jim Irvine*, Ju Kyoung Kim, Svetlana Naydenko, and Hiromichi Ueno,  

* Session co-leader) 
Topic 1-1.  Status and trends of key salmon populations and their environments (chair: Ed 
Farley)  
 
16:25–16:35 Introduction (1) 

Ed Farley and Jim Irvine  
 
16:35–17:00 Keynote Presentation (1): Stock Assessment of the Pacific Salmon in the Russian Far East 

under the Current Climatic Conditions 
Andrey Krovnin*, Vladimir Belyaev, and Nataliya Klovach..............................................................1 

 
17:00–17:15 Live Oral (1): Features of Pink Salmon Growth as a Possible Indicator of a Decrease in Its 

Survival in the Marine Life Period 
 Alexander Kaev and Vladimir Radchenko*........................................................................................2  

 
17:15–17:30 Live Oral (2): 'Controlling the Controllables'—What More Can be Done?—State of Atlantic 

Salmon in Ireland 
Ciaran Byrne*, C. Gallagher, P. Gargan, and M. Millane.................................................................3 

 

Topic 1-2.  Effects of freshwater habitat changes on salmon production (chair: Jim Irvine)  
 
17:30–17:55 Keynote Presentation (2): Salmon Futures: Resilience and Vulnerabilities across Their Life 

Cycle 
 Samantha M. Wilson* and Jonathan W. Moore.................................................................................4  

17:55–18:10 Live Oral (3): Analysis of Temperature Tolerance in Juvenile Chum Salmon 
 Muchammad Fajri*, Takuto Ouchi, Yoshio Takei, Susumu Hodo, and Makoto Kusakabe................5  

18:10–18:15  Break 
 
Topic 1-3.  Survival mechanism of juvenile salmon in changing ocean environments (chair: 
Svetlana Naydenko)  
 
18:15–18:40 Keynote Presentation (3): Non-stationary Drivers of Pacific Salmon Productivity 

Michael J. Malick*..............................................................................................................................6 
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18:40–19:05 Keynote Presentation (4): Atlantic Salmon - Nomads of the Ocean 
Eva B. Thorstad*, Audun H. Rikardsen, and Vidar Wennevik............................................................7  
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Keynote Oral-1 
 
Topic 1. Salmon Production in Changing Environments (1-1. Status and trends of key salmon 
populations and their environments) 
 
Stock Assessment of the Pacific Salmon in the Russian Far East under the Current Climatic 
Conditions 
  
Andrey Krovnin*, Vladimir Belyaev, and Nataliya Klovach  
 
Russian Federal Research Institute of Fisheries and Oceanography, Russian Federation, 17 V. Krasnoselskaya, 
Moscow, Russia (*Email: akrovnin@vniro.ru; Tel: +7-499-264-6583) 
 
Pacific salmon stocks in the Russian Far East have been at the high level in 2017–2019 but in 2020 the 
tendency toward their decrease has appeared. By this, over the last four years (2017–2020) about 76–77% 
of Far East salmon, and especially pink salmon, were caught in the northern part of their area, off 
Kamchatka and continental coast of the Sea of Okhotsk. The share of northern stocks in the total pink 
salmon catch in the Far East in 2017–2020 ranged from 83% to 91%. On the Sakhalin Island and in the 
Amur River basin pink salmon stocks decreased essentially that is associated with both the climatic 
variations at different life stages and excessive fishery pressure (legal and illegal). Also, in 2020, the total 
catch of pink salmon decreased substantially, mainly due to low catch of East Kamchatka pink salmon, 
which constituted only about 24% of the expected catch. Chum salmon stocks for the whole Far East 
region remained at the historically high level in 2017–2019. However, in 2020, their total catch was less 
than in 2019 by almost 25%. The sockeye and coho salmon stocks, about 90% of which are reproduced 
in Kamchatka, are still at a high level, though the total catch of sockeye salmon in 2020 decreased by 
15,000 metric tonnes, compared to 2019. The variations in the Far East salmon catches during the last 
five years, and especially the situation observed in 2020, brings into question the reliability of existing 
annual and longer-range forecasts of their stock state. This, to a large extent, may be associated with the 
increased short-term climate variability in the North Pacific region. We will discuss some climatic causes 
of substantial decline of the Far East salmon catches in 2020.  
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Live Oral-1 
 
Topic 1. Salmon Production in Changing Environments (1-1. Status and trends of key salmon 
populations and their environments) 
 
Features of Pink Salmon Growth as a Possible Indicator of a Decrease in its Survival in the Marine 
Life Period 
 
Alexander M. Kaev1 and Vladimir I. Radchenko*2 
 
1Sakhalin branch of Russian Federal Research Institute of Fisheries and Oceanography (SakhNIRO), 196, 
Komsomolskaya Str., Yuzhno-Sakhalinsk, 693016, Russia. (*E-mail: kaev@outlook.com; Tel: 4242-456-779) 
2North Pacific Anadromous Fish Commission (NPAFC), Suite 502, 889 West Pender Street, Vancouver, BC, 
Canada, V6C 3B2 
 
Pink salmon catch has decreased almost threefold from 93,181 tons (average in 2001–2014) to 33,328 tons 
(average in 2015–2019) on the eastern Sakhalin coast. As it was reported at the first NPAFC-IYS workshop, 
typhoons could cause decrease of pink salmon abundance in many cases due to spawning grounds destruction by 
excessive flooding and excessive juveniles' mortality after entering sea in stormy conditions. At the second 
workshop, it was shown that the early temporal form of pink salmon responds first to environmental degradation 
and, when its abundance begins to decline, it can be considered as a precursor to a total decrease of pink salmon 
abundance. Here, we analyze growth of pink salmon returned to the southeastern Sakhalin in 2005–2018 as a one 
of the most important indicators of their living conditions. The generation with the fastest growth in coastal 
seawaters belonged to the group of generations with high survival, and the generation with the slowest growth 
belonged to the group of generations with low survival. Nevertheless, pink salmon growth rate in other generations 
does not allow us to unambiguously interpret faster growth rate as a factor ensuring high survival. Our attention 
was drawn to size structure change during pink salmon growth. A fish length variability was higher in the group of 
generations with low survival. The size-selective mortality of slowly growing fish was higher among generations 
with low survival than among generations with high survival that results in differently directed trends in size 
structure formation. Revealed size structure dynamics proves a critical importance of the inshore marine life phase 
for the abundance formation of pink salmon generations. Wintering is widely considered as the second critical 
period in formation of pink salmon abundance. However, differences in the growth rate for salmon generations 
during winter were not found in this study. 
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‘Controlling the Controllables’—What More Can be Done?—State of Atlantic Salmon in Ireland  
 
Ciaran J. Byrne*, C. Gallagher, P. Gargan, and M. Millane   
 
Inland Fisheries Ireland, 30444 Lake Drive, Citywest, Dublin 24, Ireland (*E-mail: 
Ciaran.byrne@fisheriesireland.ie) 
 
Sadly many Atlantic Salmon stocks in Ireland have, like other salmon stocks in the Southern North Eastern 
Atlantic Area (S-NEAC) been in a state of decline for many years. In 2006 the Irish authorities took a very 
significant step to try and address this decline by agreeing to follow scientific advice on the management of 
salmon. The import of this step was that for the 2007 fishing season it was no longer permitted to exploit mixed 
stocks of salmon at sea. Thus, the very significant high seas salmon fishery was completely closed and has never 
reopened. Exploitation was only permitted on single stocks of salmon which were above their conservation limits, 
a small number of inshore draft net fisheries.  
The total recorded harvest of salmon in Ireland in 2001 was 259,475 salmon and the equivalent figure in 2006, the 
year prior to the cessation of mixed stock fisheries, was 108,661 salmon. In 2019 the total recorded harvest of 
salmon was 25,327 salmon. This represents only 9.76% of the harvest figure in 2001. Despite the near total 
reduction in the commercial fishery, and a significant additional management burden on the recreational fishery 
there has been no significant improvements in overall salmon abundance. One significant reason for this is marine 
mortality. Long term data on marine survival of salmon ranges from a high of 32% survival in the mid-1980’s to a 
low of 3% in 2013.  
While these represent the high and low points, the data indicates step changes (decreases) in marine survival 
between the 1980’s, where the average was approximately 18%, to the 1990’s where the average was 13%, to the 
2000’s where the average was 6%, and the current decade where the average is in the region of 5%. Unfortunately, 
marine survival is to the largest extent uncontrollable. Thus, we believe the focus has to shift to controlling the 
factors which we can control i.e., ‘controlling the controllables’ - and which have a positive impact on salmon 
survival. A good example of such a factor is management of sea lice. Recent research has shown that sea lice 
emanating from poorly managed salmon farms can add up to an additional 39% additional mortality to migrating 
smolts. Similar questions can be asked of water quality, barriers, and predation. Are we doing enough to mitigate 
salmon losses from the factors which should be under our control?
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Salmon Futures: Resilience and Vulnerabilities across their Life Cycle 
 
Samantha M. Wilson* and Jonathan W. Moore 
 

Simon Fraser University, Salmon Watersheds Lab, Burnaby, B.C., Canada (*Email: swilson471@gmail.com; 
Tel:1-778-994-3164) 
 
Climate change and other anthropogenic disturbances are impacting salmon across the different stages of 
their life cycle. Changes in freshwater and ocean habitat are posing challenges and opportunities for 
salmon. Impacts in one life-stage may affect other life-stages. Thus, in this era of rapid global change, a 
critical challenge is to understand the resilience and vulnerabilities of salmon across their migratory life 
cycle that connects freshwater to estuaries to oceans and back again.  Here I overview research by the 
Salmon Watersheds Lab at Simon Fraser University, including my own PhD research, on global change 
biology and salmon. We approach this topic across scales of inquiry. We perform system-specific studies 
to understand the complicated pathways of impacts by which stressors impact salmon. For example, we 
have discovered that shifting freshwater flow regimes are eroding the productivity of an imperiled 
Chinook salmon population in British Columbia, Canada, likely driven by a combination of logging, 
water withdrawals, and climate change. Shifts in freshwater habitats also can carry over to marine phases. 
Studies of marked steelhead trout smolts indicate that traits determined in the freshwater environment 
(i.e., size, migration timing) can influence their marine survival and highlight the importance of shifting 
seasonality in marine food webs. We also synthesize and analyze large-scale datasets on salmon and their 
changing ecosystems to understand broader patterns of change. For example, we have mapped out how 
glacial loss could actually increase salmon habitat in some regions of western North America. From 
populations to watersheds to regions, different processes will influence the vulnerabilities and resilience 
of salmon to global change. We hope that collectively these lines of research are improving our 
understanding of how on-going changes in oceans and freshwater influence salmon productivity and also 
point towards the importance of forward-looking conservation and management of salmon and their 
habitats. 
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Analysis of Temperature Tolerance in juvenile Chum Salmon (Oncorhynchus keta) 
 
Muchammad Nurul Fajri*1, Takuto Ouchi1, Yoshio Takei2, Susumu Hodo2, and Makoto Kusakabe1 
 
1Faculty of Science, Shizuoka University, 836 Ohya Suruga-ku Shizuoka 422-8529, Japan (*Email: 
kusakabe.makoto@shizuoka.ac.jp; Tel: +81-54-238-4758) 
 
2Department of Marine Bioscience, Atmosphere and Ocean Research Institute, The University of Tokyo, 5-1-5 
Kashiwanoha, Kashiwa-shi, Chiba 277-8564, Japan 
 
With the progress of global warming, there is a concern that seawater temperature will rise along with the 
rise in temperature, which will have various effects on aquatic organisms. This increase in seawater 
temperature can be a problem in maintaining life, especially for salmonids that live in cold water 
environment. In the present study, we analyzed temperature tolerance of two different groups of chum 
salmon (early-returns and late-returns) from Tsugaruishi River of Iwate Prefecture in Japan. The 
early-returns initiate to return to the natal river in late September when sea surface temperature (SST) is 
around 20°C, and the majority of late-returns come back in December when SST is lower than 16°C. 
Thus, temperature tolerance may differ between those two groups. To analyze the difference in the 
temperature tolerance between the populations of early and late returns, we compared survival rates and 
transcript levels of Heat Shock Proteins (HSPs) when fish experience high temperatures. Fertilized eggs 
of chum salmon obtained from the Tsugaruishi Hatchery were hatched and reared until the body weight 
reached 0.4 g at a water temperature of 12°C. The juvenile salmon were first kept in a water tank with 
control temperature (12°C) as day 0 of experiment. The fish were then reared for 42 days in separate 
tanks of six different temperatures, i.e. 20, 21, 22, 23, 24, and 25°C. Muscle tissue were sampled in week 
1, 2, 4, and 6, and measured the transcript levels of HSP16, HSP27, HSP30, HSP47, HSP60, HSP70, 
HSP90α, HSP90β and HSC70 by quantitative real-time PCR. The results showed that both salmon 
groups are struggled to survive in the water with temperatures above 22°C. However, comparing the 
survival rates under high water temperature conditions, the survival rates in the early-returns were higher 
than those in the late-returns. The trends of changes in HSP transcripts differed among HSPs. The 
transcript levels of HSP47 of the early-returns were consistently and significantly higher than those in the 
late-returns under high water temperature conditions. Although the other HSP transcripts tended to 
increase in high water temperature conditions, there was no obvious differences of the HSP transcript 
levels between the early- and late-returns. The proteins that interacted with HSP47, collagens, showing 
positive correlation with HSP47 transcript levels in the increasing temperature. These results suggested 
that the interaction between HSP47 and collagen may be the key factors to regulate temperature tolerance 
of chum salmon. 
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Non-stationary Drivers of Pacific Salmon Productivity 
 
Michael J. Malick* 
 
Northwest Fisheries Science Center, National Oceanic and Atmospheric Administration, Seattle, WA, USA 
(*Email: mjm@michaelmalick.com) 
 
Environmental change is occurring at unprecedented rates in many marine ecosystems, including gradual 
changes in mean conditions and abrupt changes due to extreme events. Yet, environmental drivers of 
productivity are often assumed to be constant across space and time. Here, I evaluate the evidence for 
time and space varying (i.e., non-stationary) drivers of North American Pacific salmon productivity. 
First, I show evidence that the relative importance of early marine ocean conditions varies across space, 
suggesting that different survival mechanisms may operate in different locations. Second, I show 
evidence that productivity drivers vary across life-history stage, suggesting additive effects of survival 
mechanisms throughout the marine life phase are important. Third, I show evidence that relationships 
between salmon productivity and three widely used ocean indices—Pacific Decadal Oscillation, North 
Pacific Gyre Oscillation, and sea surface temperature—vary across decadal scales, suggesting caution in 
using these indices as indicators of salmon ocean survival. Collectively, these results provide evidence 
that relationships between salmon productivity and environmental drivers vary across space, time, and 
life-history stage. A practical implication of this non-stationarity is that observations or relationships 
from one location or time period may not be applicable to another location or time period. 
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Atlantic Salmon—Nomads of the Ocean 
 
Eva B. Thorstad1*, Audun H. Rikardsen2, and Vidar Wennevik3 
 
1Norwegian Institute for Nature Research, Torgarden, NO-7485 Trondheim, Norway (*Email: 
eva.thorstad@nina.no; Tel:+47-91-66-1130) 
2UiT The Arctic University of Norway 
3Institute of Marine Research, Norway 

 
Atlantic salmon is a well-studied species, but there are still mysteries of where they reside in the ocean 
and what impacts their marine survival. Population sizes on both sides of the Atlantic Ocean have 
declined since the 1980s, both because of human impacts in rivers and coastal areas - and ecosystem 
effects in the ocean causing increased marine mortality. Together with Norwegian and international 
partners, we study marine migration patterns and how the marine growth and survival of Atlantic salmon 
is affected by the physical and biological environment at sea within the 4-year SeaSalar project. The 
migration patterns and habitat use at sea are studied by using satellite tagging and genetic analyses of 
salmon collected at sea, and the results redefine knowledge of the ocean distribution of Atlantic salmon at 
sea. Analyses of salmon collected at sea have provided new knowledge of their diet and why growth and 
survival have been reduced during the recent decades. Detailed growth analyses have provided a new 
understanding of the spatial and temporal variation in growth and survival, and how patterns are linked to 
ecosystem changes in the ocean. An overview of the results from the two first years of the SeaSalar 
project will be presented.  
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Ontogeny of Critical Swimming Speeds for Juvenile Chum Salmon  
 
Yuki Iino*, Takashi Kitagawa, Takaaki K. Abe, Tsuyoshi Nagasaka, Yuichi Shimizu, and Katsuhiko Ota  
 
International Coastal Research Center, The Atmosphere and Ocean Research Institute, The University of Tokyo 
1-19-8, Akahama, Otsuchi, Iwate 028-1102, Japan (*Email: iinoy@aori.u-tokyo.ac.jp; Tel: +81-193-42-5611)  
 
Japanese juvenile chum salmon (Oncorhynchus keta) migrate north from the coastal areas in the Sanriku 
coastal area of Honshu island, Japan to their feeding ground in the Okhotsk Sea. Before northward 
migration for good survival including food capture, escape from predators, and movement to feeding 
ground, the juveniles need to increase their body size and develop high sustained swimming performance. 
Previous studies for some Oncorhynchus spp. have measured the maximum sustained speed—critical 
swimming speed—, but few studies have measured the sustained performance of chum salmon and little 
is known about chum salmon ontogeny of swimming performance. This study, using a swimming 
respirometer, examined the ontogenetic development of sustained swimming performance during 
juvenile period of this species.  
Juveniles sized <10 cm in Fork Length (FL) were put into 80-liter tanks supplied with filtered natural 
seawater and reared at 20 ± 0.5°C at the International Coastal Research Center, The Atmosphere and 
Ocean Research Institute, University of Tokyo, Japan. Juveniles sized 14–19 cm in FL were reared at 
21.9–23.7°C at Iwate Fisheries Technology Center, Japan. Fish from both experiments were fed at 
approximate surplus food levels. After 12–72 hour fasts, individual fish were put into Blazka- or 
Brett-type swim tunnel respirometer (Loligo Systems, Denmark), and their critical swimming speed: Ucrit 
(FL s-1 or cm s-1) was measured on the basis of previous protocol (n = 12).  
As a result, larger sized fish (14–19 cm in FL) had lower relative sustained swimming performance (Ucrit : 
3.4–5.4 FL s-1) than that of smaller fish (FL <10 cm, Ucrit : 5.7–9.7 FL s-1). Absolute Ucrit value of the 
juveniles (FL: 6.6 cm) was 63.8 cm s-1, and that value was extremely higher than the southward currents 
off the Sanriku coastal area (about 25 cm s-1). These results suggest that to overcome the southward 
currents larger juveniles develop a higher relative swimming performance until reaching 14 cm FL. In 
this area, juveniles need to allocate more energy to their growth for increasing their chances of arrival at 
the Okhotsk Sea. 
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Feeding Habits of Pacific Salmon during the Winter 

Alexey Somov*1, Anton Khleborodov1, Aleksander Slabinsky1, Brian P.V. Hunt,2,3,4, and Evgeny A. Pakhomov,2,3,4 

1Pacific Branch of Russian Federal Research Institute of Fisheries and Oceanography “VNIRO” (“TINRO”), 
Shevchenko Alley 4, Vladivostok, 690091, Russia (*Email: aleksey.somov@tinro-center.ru) 
2Institute for Oceans and Fisheries, University of British Columbia, 2202 Main Mall, Vancouver, 
British Columbia V6T 1Z4, Canada 
3Department of Earth, Ocean, and Atmospheric Sciences, University of British Columbia, 2207 Main Mall, 
Vancouver, British Columbia V6T 1Z4, Canada 
4Hakai Institute, PO Box 25039, Campbell River, British Columbia V9W 0B7, Canada 

Complex research program to study salmon winter ecology using trawl gear was conceived in 1986. 
Since this time, eleven comprehensive expeditions were conducted including international 2019 
expedition in the Gulf of Alaska. Strong point of these surveys was comparable high number of stations 
and coverage area, thus feeding analysis, which was a particular interest, was based on solid number of 
samples. New data obtained from the last expedition motivated us to combine and analyze all feeding 
data from winter-spring trawl surveys in order to distinguish special aspects in salmon diet within the 
Gulf of Alaska and to identify spatial and temporal patterns in salmon feeding habits within the whole 
overwintering area. In the Gulf of Alaska in 2019 we detected clear spatial differentiation in salmon diet 
related to water masses—subarctic and transformed waters. Within subarctic water salmon mainly fed on 
euphausiids, while in transformed waters pteropods (in particular Clio pyramidata) and ctenophore jellys 
(in Chum salmon diet) prevailed in the diet. Feeding intensity was the highest in Coho and Pink salmon 
diet (1,35 % and 0,79 %, moderate in the Sockeye (0.61 %) and lowest in Chum salmon diet (0.39 %). 
Generally, this result confirms the idea that during the winter species which spend only one winter in the 
sea (Pink and Coho salmon) eat more intensively than those that spend several years in the sea (Chum, 
Sockeye and Chinook salmon). Comparing the salmon feeding within whole subarctic region, we noticed 
gradient between western, central subarctic and the Gulf of Alaska in both prey composition and feeding 
intensity, however temporal dissimilarities in salmon feeding within 30-year period were much higher. It 
is not known whether the pattern of salmon feeding within the Gulf of Alaska was common, or we 
observed a deviation. This is particularly interesting in the context of the effects of positive temperature 
anomalies in northeastern Pacific in recent years, called "Blob”. It is very likely that Pacific salmon diet 
could be affected by this phenomenon. Further research in the Gulf of Alaska using the same methods 
can potentially shed light on this issue. 
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Zooplankton Community Structure and Development during Late Winter 2019 and 2020 in the 
Northeastern Pacific Ocean 
 
Evgeny A. Pakhomov*1,2,3, Brian P.V. Hunt1,2,3, Alexander Slabinsky4, Natalie Mahara1,2 and Alexei Somov4 
 
1Institute for Oceans and Fisheries, University of British Columbia, 2202 Main Mall, Vancouver, British Columbia 
V6T 1Z4, Canada (*Email: epakhomov@eoas.ubc.ca) 
2Department of Earth, Ocean, and Atmospheric Sciences, University of British Columbia, 2207 Main Mall, 
Vancouver, British Columbia V6T 1Z4, Canada 
3Hakai Institute, PO Box 25039, Campbell River, British Columbia V9W 0B7, Canada 
4TINRO, Shevchenko Alley 4, Vladivostok, 690091, Russia 
 
During February and March 2019, a survey of the Gulf of Alaska (GoA) to research the winter ecology of 
the North Pacific salmon ecosystem was conducted. In total, sixty stations were sampled at ~1 x 1 degree 
survey grid covering ~ 700,000 km2. At each station, oceanographic profiles and zooplankton were 
collected. Zooplankton was sampled with two widely used plankton nets: Juday net (mouth area 0.1 m2, 
mesh size 0.160 mm) and Bongo net (0.5m2, 0.250 mm), in the top 200 m and 250 m, respectively. Here 
we report on the community structure and distribution of the net zooplankton in the GoA during winter 
with a particular emphasis of the net inter-comparison. Copepods dominated in both nets numerically, 
while euphausiids, pteropods, jellyfish and decapods were important in terms of biomass. Preliminary 
analyses indicated that the period of observations coincided with the initiation of the phytoplankton 
bloom and the copepod reproduction. Community analyses revealed rather uniform mesozooplankton 
assemblages across the sampling area, while macrozooplankton was characterized by jellyfish 
dominating in the northern and pelagic tunicates dominating in the southern parts of the survey. In 
general, there was a close similarity in the community composition obtained by both gears. However, 
Bongos tended sampling more effectively the larger (macrozooplanktonic) organisms. Results are 
considered with respect to zooplankton gear choices for the 2021 IYS surveys. 
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Bottom-up and Top-down Processes Drive the Survival and Abundance of Pacific Salmon 
 
Gregory T. Ruggerone1*

, Brendan Connors2, James R. Irvine3, and colleagues 
 
*Natural Resources Consultants, Inc., Seattle, WA, USA (*Email: gruggerone@nrccorp.com; Tel: 206 285 3480) 
 
2Fisheries and Oceans Canada, Institute of Ocean Sciences, Canada (Email: Brendan.Connors@dfo-mpo.gc.ca) 
 
3Fisheries and Oceans Canada, Pacific Biological Station, Nanaimo BC Canada (Email: 
James.Irvine@dfo-mpo.gc.ca) 
 
Growing evidence indicates that both bottom-up and top-down processes shape the abundance of Pacific salmon 
populations in the North Pacific Ocean. Salmon responses to bottom-up processes, which are largely driven by 
ocean climate, are most apparent following ocean regime shifts. For example, bottom-up processes associated with 
the well-known 1977 shift included higher sea surface temperature and greater zooplankton production that in turn, 
for example, led to faster early marine growth of Alaska sockeye salmon, greater survival and abundance, and 
reduced growth during later marine stages. Abundances of northern sockeye salmon and pink salmon (odd and 
even year lines) have doubled since the mid-1970s, with sockeye and presumably pink salmon experiencing greater 
early marine growth in relation to increased zooplankton. However, top-down processes in which abundant salmon 
graze down prey species are also important, especially during later marine life. Because top-down processes are 
difficult to detect in a highly variable ocean environment, our research has focused on top-down effects caused by 
pink salmon, whose adult abundance was nearly 70% of all Pacific salmon during 2005-2015. Pink salmon exhibit 
extreme biennial patterns of abundance that correlate with biennial patterns in other species that cannot be 
explained by ocean climate. When pink salmon are numerous, zooplankton decline and phytoplankton increase, 
often leading to declines in sockeye growth and survival after their first ocean year, and to increases in 
age-at-maturation. These patterns are found in sockeye populations from the Fraser River (British Columbia) to 
Bristol Bay (Alaska). However, in the south (Fraser), adverse nearshore and offshore processes combine to cause 
sockeye populations to decline, whereas in the north (Bristol Bay), favorable bottom-up processes can overwhelm 
adverse effects of pink salmon, resulting in more sockeye. We provide evidence that declining abundances and 
size-at-age of Chinook and coho salmon are also related to top-down processes associated with abundant pink 
salmon, which share common prey in offshore marine regions. Furthermore, seabirds whose diets overlap with 
pink salmon have reduced reproductive success when pink salmon are abundant. In conclusion, both bottom-up 
and top-down processes are important to salmon dynamics in the ocean, although the relative importance of these 
processes varies across time, geographic area, and the species and life stage of Pacific salmon. An interesting 
example is 2020 that saw very low returns of salmon throughout much of the North Pacific. In 2018 and 2019, 
more pink salmon returned from the North Pacific than during any previous two-year period since 1925. We 
suggest that these exceptional numbers of pink salmon may have influenced low returns and small size of Pacific 
salmon in 2020. Our understanding of Pacific salmon dynamics will improve as our knowledge of these synergistic 
interactions grows. 
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The Ups and Downs of Far East Pink Salmon Stocks during Recent Decades: Some Considerations 
about Possible Causes 
 
Andrey Krovnin1, Kirill Kivva1, and Gennady Khen2  
 

1Russian Federal Research Institute of Fisheries and Oceanography, 17 V.Krasnoselskaya, Moscow, 
Russia (*Email: akrovnin@vniro.ru; kivva@vniro.ru; Tel: +7-499 - 264-6583; Fax: +7-499 - 264-9187) 
2Pacific Branch of the “VNIRO”, 4 Pereulok Shevchenko, Vladivostok, Russia (Email: 
gennady.khen@tinro-center.ru, Tel.: +7-423-260-4530) 
 
Over recent decades main Far East pink salmon stocks have undergone considerable variations associated 
with strengthening of the short-term climate variability in the North Pacific. The last minimum of total 
pink salmon catch (147,500 metric tonnes) in 2014 was followed by its growth with maximum of about 
511,000 mt in 2018. This growth was essentially contributed by an unusual substantial increase in catch 
of even-year generations of East Kamchatka pink salmon stock. From 2012 to 2018, this catch rose more 
than 6 times, from 16,730 t up to 111,250 t, respectively. In 2018, the share of East Kamchatka pink 
salmon in the total Russian pink salmon catch reached almost 22 %. The situation changed in 2020, when 
the East Kamchatka pink salmon catch decreased sharply down to 20,692 t that was only one quarter 
from the expected catch. In this paper, we will consider some hypotheses regarding the unusual growth of 
East Kamchatka pink salmon stock in even years and its subsequent decline, reflected in the catch for 
2020. In particular, the comparison of climatic conditions in the northern North Pacific region in 2010s 
with conditions during other periods of rather high Russian catches of East Kamchatka even-year 
generations (1930s and 1940s) will be made. It should be noted also that the situation observed in 2020 
may signal a possible climate regime shift. To check this, the Sequential Regime Shift Detection (SRSD) 
method (Rodionov, 2015) will be used. This method is designed to automatically detect change-points (or 
regime shifts) in the correlation coefficient between any two time series. Knowing these change-points 
may help elucidate mechanisms of environmental impact on salmon production.  
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Missing Salmon? Salmon Presumed Dead at Sea may be Colonizing the Arctic 
 
Karen Dunmall*1, Darcy McNicholl1, Ed Farley2, and Jim Reist1 
 
1Fisheries and Oceans Canada, 501 University Cr, Winnipeg, Manitoba, Canada, R3T 2N6;  
(*Email: Karen.Dunmall@dfo-mpo.gc.ca; Tel: 204-984-2522) 
2NOAA Fisheries, 17109 Point Lena Loop Rd., Juneau, Alaska, USA 
 
Environmental changes are affecting Pacific and Atlantic salmon production throughout their entire 
ranges. Warming water temperatures are influencing survival and abundances of salmon returning to 
freshwater habitats and are shifting marine distributions of salmon northward. Catches of larger juvenile 
pink salmon in a warmer Chukchi Sea suggest that the sub-Arctic marine environment may be becoming 
viable salmon habitat. Warming temperatures may also be improving pink salmon production in rivers 
flowing into the northern Bering Sea. Further north, there has been a sharp increase in the geospatial and 
temporal distributions of vagrant adult Pacific salmon in the Canadian Arctic in recent years. Adult pink, 
chum, and sockeye salmon are being incidentally harvested in subsistence fisheries in communities 
around the Beaufort Sea in the Northwest Territories and into Nunavut. Most of the chum salmon and all 
of the pink and sockeye salmon originate from locations outside of the Canadian Arctic. Similarly, 
vagrant Atlantic salmon are occasionally harvested in subsistence fisheries in Nunavut. While these fish 
are not thought to be spawning successfully in the Canadian Arctic yet, they are accessing potentially 
viable novel freshwater habitats and could be the first colonizers in a future range expansion to the 
Canadian Arctic. Biodiversity change is a highly tangible example of climate warming that has 
far-reaching implications for management, ecology, and Indigenous cultures. Beyond indicating changes 
in production and distributions, these sentinels are reminding us of the connections among our oceans. 
Missing salmon are influencing Arctic ecosystems and cultures of northern Indigenous Peoples.  
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Salmon Genetics at Sea: Three Decades of New Insights 
 
William D. Templin1*, Andrew R. Munro1, Chris Habicht1, Dion Oxman1, Sara Gilk-Baumer1, Wesley Larson2 and 
Andrew Gray2 
 
1Alaska Department of Fish and Game, Division of Commercial Fisheries 333 Raspberry Road, Anchorage, 
Alaska 99518-1599 (*Email: bill.templin@alaska.gov; Tel: 907 267 2234) 
 
2 Ted Stevens Marine Research Institute 17109 Point Lena Loop Road, Juneau, AK 99801 USA 
 
Genetic technologies have been used for decades to investigate fish populations and fisheries, yet it is so 
basic to biology and so flexible in application that it continues to provide new insights regarding salmon 
population dynamics. Historically, genetic analyses were limited to estimating the proportional 
composition of a group of fish sampled and occasionally identifying the origin of individual fish. These 
applications to salmon intercepted during enforcement activities, research cruises, or fishing activities 
require knowledge of the background genetics of potentially contributing populations (i.e., baselines) 
made possible through collaborative efforts that began at the North Pacific Anadromous Fish 
Commission. At the time, these studies provided new understanding of the distributions and migratory 
patterns of some salmon species. Recent improvements in genetic technologies now enable scientists to 
determine the natal origin of individual fish, make inferences about a fish’s unsampled parents, identify 
genes that are associated with specific life history traits, or even to detect the presence of a fish that has 
traveled unseen through an area. Despite all the recent and continuing advancements in genetic 
techniques, there are boundaries that limit practical application. For example, sampling theory still 
applies to interpretation and extrapolation from sampled collections, baselines still need to be adequately 
represented, and detection/exclusion rates must be considered when making inferences. Best practices 
can be employed to address many of these limitations, and careful consideration must be given to define 
the question being asked, formulate hypotheses, and design the means to obtain an answer. 
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New technologies) 
 
Physiological Tools for Evaluating Growth Status of Migrating Salmon 
 
Munetaka Shimizu*  
 
Faculty of Fisheries Sciences, Hokkaido University, 3-1-1, Minato, Hakodate, Hokkaido 041-8611, Japan (*Email: 
mune@fish.hokudai.ac.jp; Tel: +81-138-40-8897) 
 
Size-selective mortality of juvenile salmon during early phase of their marine life has been an active area 
of research. Monitoring growth status of out-migrating juveniles is therefore of particular importance. 
Scale and otolith are useful to reconstruct past growth patterns and habitats. Muscle RNA/DNA ratio is a 
biochemical index to monitor recent/current growth. We are interested in using hormones and proteins 
involved in growth regulation to evaluate current growth status since they provide semi-quantitative 
estimation of growth rate and mechanistic interpretation. Our focus is on insulin-like growth factor 
(IGF)-I and IGF-binding protein (IGFBP)-1b. IGF-I is a peptide hormone that promotes growth in large 
part through the stimulation by growth hormone. IGFBP-1 is one of six members of the IGFBP family 
and is an inhibitor of IGF-I action by blocking it to interact with the receptor. There are two subtypes of 
IGFBP-1 (1a and 1b) in fish. Laboratory studies revealed that circulating IGF-I level was generally 
positively correlated with individual growth rate in juvenile/young salmon while an inverse relationship 
with growth rate was seen for IGFBP-1b. We propose that serum/plasma IGF-I and IGFBP-1b are 
positive and negative indices of growth, respectively, in salmon. Using these physiological indices, we 
conducted field surveys to evaluate growth status of out-migrating juvenile chum salmon in northeastern 
Hokkaido, Japan. Profiles of serum IGF-I and IGFBP-1b levels suggested that juvenile chum salmon left 
the nearshore zone under poor growth conditions in May, while juveniles in June left the nearshore zone 
through activating their growth. We also had an opportunity to measure IGF-I and IGFBP-1b in plasma of 
coho salmon collected from the Strait of Georgia and surrounding waters, British Columbia, Canada. 
Johnstone Strait is thought to be poor feeding ground for salmon due to its strongly tidally mixed waters. 
Our assumption was that IGF-I and IGFBP-1b levels were low and high, respectively, in coho salmon in 
Johnston Strait. Regional trends of plasma IGF-I and IGFBP-1b levels supported the assumption. We 
believe that IGF-I and IGFBP-1b are useful physiological tools to assess recent/current growth status of 
salmon and are good complements to other growth indices such as scale, otolith and RNA/DNA ratio. In 
addition, combining physiological tools with rearing experiments should help disentangle factors 
determining mortality of juvenile salmon.  
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Environmental DNA surveys of the Gulf of Alaska during the 2019 and 2020 IYS Gulf of Alaska 
expeditions  
 
Christoph M. Deeg*1, Shaoring Li2, Brian P.V. Hunt3,4, Svetlana Esenkulova5, and Kristina M. Miller1,2 
 
1Department of Forest & Conservation Science, University of British Columbia, Vancouver, BC, Canada  
2Fisheries and Oceans Canada, Pacific Biological Station, Nanaimo, BC, Canada 
3Department of Earth, Ocean and Atmospheric Sciences; Institute for the Oceans and Fisheries, University of 
British Columbia, Vancouver, British Columbia, Canada 
4Hakai Institute, PO Box 309, Heriot bay, BC, Canada 
5Pacific Salmon Foundation, Vancouver, BC, Canada 
(*Email: chdeeg@mail.ubc.ca) 
 
Environmental DNA (eDNA) is an emerging field to study the diversity and distribution of aquatic 
communities without the need to capture individuals. This allows for an unbiased account of low 
abundance or hard to capture species such as large highly mobile predators. eDNA samples were taken at 
every station during the 2019 and 2020 IYS Gulf of Alaska expeditions to supplement and cross validate 
conventional sampling efforts. Here we report on preliminary results of chordate, cephalopod, and 
salmonid diversity using 16S and COI genetic markers. We detected several large predators of salmon 
that evaded detection or were underrepresented in conventional sampling strategies, such as salmon 
sharks (Lamna ditropis), Dall's Porpoise (Phocoenoides dalli), or orca (Orcinus orca), painting a more 
holistic picture of the salmonosphere during the ocean winter. Comparison of species detections by 
eDNA and trawl capture data allows for an estimate of method-specific detection biases and improves 
our understanding of ecosystem composition in the open ocean. Finally, we discuss ongoing efforts to use 
additional markers to characterize invertebrate and non-salmonid fish communities as well as 
improvements to sampling strategies for future expeditions. 
  

mailto:chdeeg@mail.ubc.ca
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The Salmon of Knowledge: A Road-map to Modernize Salmon Information Processing 
 
Scott A. Akenhead1*, J. Scott Carley2, and James R. Irvine1 
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Canada (*Email: scott@s4s.com; Tel: 1-250-210-4410) 
2Organomics Consulting, 602 22nd Avenue East, Seattle WA 98112, USA  
 

Once upon a time there was a magic salmon. The first person to taste it acquired all the knowledge in the world. 
This ancient Irish myth is commemorated by a huge statue in Belfast: The Salmon of Knowledge. This story, about 
impressive technology, is a metaphor to make us think about managing our knowledge about salmon.  The 
International Year of the Salmon (IYS) has challenged us to realize this metaphor: 
• Bring people together to share and develop knowledge more effectively; 
• Develop an information hub on salmon and their environments that can be freely accessed by all decision-makers 

from the watershed to the hemisphere; 
• Adopt the Likely Suspects program led by the Atlantic Salmon Trust: ecological detective work that is shared 

world-wide, so the suspects responsible for killing the salmon can be identified; and 
• Devise new approaches to informing decisions. 
In response to this challenge, an IYS workshop (International Salmon Data Laboratory, NPAFC Tech. Rep. 14) 
looked at how salmon data processing could be revolutionized by modern technology. Building on those results, 
we suggest these steps: 

1. Embrace Complexity 
Graph database technology (e.g., neo4j.com) is more appropriate for ecological data—everything is connected, 
everything is evolving— than a relational database. We present an initial schema of how things and ideas can be 
linked to convert information to knowledge. 

2. Salmon Activity Catalog 
We have a working prototype for discovering who is doing what, with whom, where, how, with what budget and 
results.  Integrated decision making is a critical goal, explored by a realistic example: closing Southern British 
Columbia Chinook Salmon fisheries. 

3. Data Lake 
After assembling knowledge about datasets (metadata), we must standardize and integrate salmon data in 
preparation for broad, deep. modern analyses. 

4. Data Streams 
Projects like this die if data and knowledge assembly are not maintained, become obsolete. There are technologies 
(e.g., StreamSets) maintain and standardize hundreds of data streams pouring into our data lake. 

5. Cumulative Analyses 
The salmon of knowledge has to deliver value sufficient to warrant maintenance. We propose that radical 
efficiency for long-term collaboration on analysis of salmon data is possible, by breaking the work into re-useable 
steps in a shared workflow (e.g., WorkSpace) 

6. Ad Infinitum 
Our goal is a software platform, the International Salmon Net, with many user-contributed features: sophisticated 
graphics and maps, program and project management tools, new decision support products, new user interfaces, 
connections to other platforms. 

https://yearofthesalmon.org/
http://neo4j.com/
https://streamsets.com/
https://research.csiro.au/workspace/
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Integrated Research on Olfactory and Geomagnetic Imprinting and Homing in Pacific Salmon 
  
Hiroshi Ueda1*, Nathan F. Putman2, Tatsufumi Okino3, and David L.G. Noakes4 
 
1Hokkaido University, Hokkaido Aquaculture Promotion Corporation, Sapporo, Hokkaido 063-0813, Japan 
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2LGL Ecological Research Associates, Bryan, Texas 77802, USA 
3Hokkaido University, Sapporo, Hokkaido 060-0810, Japan 
4Oregon State University, Corvallis, Oregon 97331-3803, USA 
 
Pacific salmon are recognized for their amazing abilities to memorize their natal river information during 
downstream migration, carry out a long-distance feeding migration in the ocean for many years, and make a 
homing migration precisely to their natal rivers for reproduction. Two different sensory mechanisms, olfaction and 
geomagnetic navigation, are involved in the imprinting and homing processes during short-distance migration 
within the natal river and long-distance migration in the open water, respectively.  
Olfactory functions are investigated from both neurophysiological studies on the olfactory discrimination ability of 
natal stream odors and neuroendocrinological studies on the hormonal controlling mechanisms of olfactory 
memory formation and retrieval in the brain. These studies revealed that the long-term stability of dissolved free 
amino acid composition in the natal stream is crucial for olfactory imprinting and homing; additionally, the 
brain-pituitary-thyroid and brain-pituitary-gonadal hormones play important roles in olfactory memory formation 
and retrieval, respectively.  
Geomagnetic navigation functions as a mechanism for reaching distant, oceanic foraging grounds and returning to 
the vicinity of their natal river using the predictable gradients of Earth’s magnetic field as a kind of “map”. 
Juvenile salmon appear to possess a magnetic map (orientation to spatial information in the magnetic field), but 
this ability appears to be disrupted if salmon are reared in a strongly variable magnetic field. Finally, long-term 
spatiotemporal variability in the homing routes of salmon can be predicted by assuming smolts imprint upon 
specific values of magnetic field parameters as they enter seawater and use those values as navigational 
coordinates upon reaching maturity. 
With the International Year of the Salmon, we believe it fitting to definitively test the olfactory and geomagnetic 
imprinting and homing hypothesis in Pacific salmon. This can be achieved through careful manipulation of the 
DFAA and magnetic field during the embryonic development and early rearing stages of salmon, thus allowing 
different groups to be “programmed” to return to specific coastal locations and natal rivers. Differential marking of 
groups and coordination with fishers allows for a clear test of predictions. Electronic tagging a subset of smolts and 
stable isotope analyses of returning fish would allow further inferences into the aspects oceanic ecology influenced 
by magnetic navigation. This experiment would move salmon research towards process-based models to 
mechanistically understand and predict spatiotemporal variability in salmon returns.  
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The Global Ocean Observation System and Essential Salmon Ocean Ecology Variables 
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During a period when technological and environmental systems are changing at unprecedented rates, 
scientists are faced with the task of assessing and predicting the health of Earth’s ecosystems. Synoptic 
ecosystem surveys are conducted at great expense with the expectation that observations from different 
countries, habitats, and salmon life history stages will be synthesized and analyzed to produce actionable 
management scenarios. Despite this imperative, the implementation of information systems to integrate 
disparate data languishes. Salmon data are often stored in national databases according to their standards, 
and during integration with international data, a degree of uncertainty surrounding the interpretation and 
comparison of common variables results. The objective of this work is to extend the Global Ocean 
Observation System (GOOS) into salmon ocean ecology by developing Essential Ocean Variables 
(EOVs) through consensus, consequently facilitating data synthesis and analysis across political and 
ecological domains. We must not only agree on what the essential salmon ocean ecology variables are, 
but also rigorously define those measurements by adopting, implementing, or developing international 
metadata standards, controlled vocabularies, and ontologies (Semantic Web vocabularies). To ensure the 
technology implemented is universal and remains relevant long into the future, we must adopt 
recommendations from the World Wide Web Consortium (W3C) such as languages based on the 
Resource Description Framework which underpins the Semantic Web. These technologies layer data 
interoperability and machine reasoning on top of the GOOS framework, which will expose 
salmon-ocean-ecology data to significant computational power. The Hakai Institute successfully 
developed and implemented the Canadian Integrated Ocean Observing System, working with partners 
across Canada and America to bring together and develop key technologies to implement the Canadian 
node of GOOS. This framework has been successful in defining physical and biogeochemical EOVs and 
is primed for extension to include biology and ecosystem variables through collaboration with member 
nations of the North Pacific Anadromous Fisheries Commission.  
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Earthquake 2011(3-1. Restoration of ecosystem and human society in the coastal zone systems) 
 
Research Project of TEAMS for Restoration of Ecosystems and Human Society 
 
Akihiro Kijima* 
 
Representative of TEAMS (Tohoku Ecosystem-Associated Marine Science) Japan (*Email: 
akihiro.kijima.d4@tohoku.ac.jp; Tel: 022-757-4485) 
 
The Great East Japan Earthquake and Tsunami on March 11, 2011 caused immense damage to the 
marine ecosystems, both nearshore and offshore, on the Pacific coast of northeastern Japan (the Tohoku 
region). Most of fishing vessels and fishery relating infrastructure were destroyed by the disaster. In the 
Tohoku region, salmon hatchery has been common in many rivers, and, every year, the released chum 
salmon has returned to their own rivers. When the 2011 disaster occurred, a lot of juvenile chum salmon 
were reared in the hatcheries before released into the sea. Therefore, the salmon production cycle in this 
region was also severely disrupted by the disaster.  
In order to reconstruct the devastated human society, scientific investigation was essential to understand 
the effects of such strong disturbances on not only coastal land area but marine ecosystems and to 
monitor the process of their recovery. The research project of “Tohoku Ecosystem-Associated Marine 
Sciences (TEAMS)” was established under such circumstances by the Ministry of Education, Culture, 
Sports, Science and Technology of Japan (MEXT) in 2011FY. The purpose of the TEAMS project is to 
clarify the impact of the earthquake and subsequent tsunami on the marine related ecosystems of the 
Tohoku coastal areas, highlight the restoration process of the ecosystems based on scientific research, 
and contribute to the reconstruction of the fishery industries in the Tohoku region, including salmon 
production.   
As an introduction, I would like to talk about what happened by the Tohoku disaster, and what the 
TEAMS project is about. I hope that all of the audience have a chance to rethink about the 2011 Tohoku 
disaster and about a recovery through our deeply and newly developing research results on salmon 
ecosystems. 

mailto:akihiro.kijima.d4@tohoku.ac.jp
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Challenges to Make Salmon in Sanriku an Icon of the Region 
 
Jun Aoyama* and Susumu Hyodo 
 
Atmosphere and Ocean Research Institute, The University of Tokyo, 5-1-5 Kashiwanoha, Kashiwa, Chiba, 
277-8564 Japan (*Email: jaoyama@aori.u-tokyo.ac.jp) 
 
Hokkaido and Iwate are major areas for salmon production in Japan as have long provided nearly 55 % 
and 20 % of chum salmon juveniles for hatchery-based stock enhancement program and landed about 
80 % and 10–15 % of the commercial catch of returning adults in Japanese waters, respectively (except 
recent few years). The Great East Japan earthquake on March 11, 2011 struck off the northeastern coast 
of Japan caused a massive tsunami that severely damaged the Pacific coast of the Tohoku region.  The 
coastal devastation was much extensive in Iwate (Sanriku) geographically characterized by deeply 
embayed coast with steadily increasing depth seaward that made the tsunami much higher than in other 
areas. Important facilities for salmon fishery including hatcheries and processing plants in Sanriku have 
been destroyed or severely damaged by the tsunami. As a part of the Tohoku Ecosystem-Associated 
Marine Sciences Program (TEAMS), Atmosphere and Ocean Research Institute, the University of Tokyo 
launched a project named “Project Grand Maillet” (PGM) to ascertain the impact of tsunami on the 
coastal ecosystem and to observe subsequent environmental or ecological transitions. The project 
involved researches on salmon in Sanriku to help reconstruction of the regional fishery. The PGM has 
initiated a multidisciplinary approach to know the actual status of salmon in Sanriku for re-establishing 
ecological, cultural and commercial images of salmon in Japan which has been mostly relied on that in 
Hokkaido. Variety of studies conducted in the project revealed locally specific ecological and 
physiological traits of salmon in Sanriku presumably due particular environment for salmon reproduction 
in this region such as relatively warmer water temperature in rivers during the winter because of its 
latitude and oceanographic conditions as well as an effect of rich spring waters. The other hands, our 
anthropologic approach found locally specific relationships between human and salmon in Sanriku which 
is different from the indigenous Ainu culture described from Hokkaido. These facts suggested that the 
salmon in Sanriku have ecologically adopted to the local environment having a long and good 
relationship with people in the area. The salmon in Sanriku have great potential to be an icon of this 
region or a local identity that encourages reconstruction of the society from the disaster. 
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Effects of the Great East Japan Earthquake and Tsunami on Fisheries and Salmon in Iwate 
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Tsuyoshi Nagasaka* and Yuichi Shimizu 
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t-nagasaka@pref.iwate.jp; Tel: +81-193-26-7915) 
 
The Great East Japan Earthquake that occurred at 14:46 on Friday 11 March 2011, and the following 
tsunami swept towns, buildings, cars and even human lives. The fisheries in Iwate were also severely 
damaged, and the hatchery enhancement program for chum salmon, a most important fish in Iwate, was 
in a critical situation. 
In the spring of 2011, a total of 440 million chum salmon larvae were reared at hatcheries. Although 
some chum salmon fry were released before the disaster, the tsunami swept away most of them with 
several hatchery facilities. The reconstruction of damaged hatchery facilities started several weeks after 
the disaster. The first survey was conducted to confirm the contamination of salt water in hatchery water 
supplies. Restoration of capture facilities, removal and cleaning of rubble at hatcheries were gradually 
followed. All hatchery staffs worked hard, because they understood the importance of hatchery program 
for the sustainable management of salmon resources in Iwate. In September 2011, only six months after 
the disaster, hatchery facilities were almost recovered to produce 320 million salmon fry. Instead of 28 
hatchery facilities in 27 rivers before the disaster, nowadays, there are 20 facilities in 20 rivers, which can 
produce and release 400 million salmon fry.  
Most of hatchery-reared chum salmon were affected by the tsunami. After the disaster, we continued a 
long-term monitoring program to evaluate effects of the disaster on adult returns. In the Tsugaruishi and 
Katagishi Rivers, where chum salmon fry could not be released in the year when the tsunami occurred, 
the number of adult returns significantly decreased. On the other hand, in the Orikasa River, where chum 
salmon fry were released in the disaster year, there seemed no effect on the number of adult returns. 
These observations suggest that the hatchery enhancement program plays a major role in maintaining 
chum salmon resources in Iwate. 
The critical damage by the Great East Japan Earthquake and Tsunami and the reconstruction procedure 
reconfirmed importance of hatchery enhancement program unexpectedly. Nine years later after the 
earthquake, the number of chum salmon returns is decreasing maybe due to changes in the marine 
environment. In the future, in order to recover salmon resources in Iwate, it is necessary to continue the 
hatchery enhancement program with improved rearing and release methods. 
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The 2011 Great East Japan Earthquake (GEJE) and tsunami caused immense damage to the Sanriku 
Coast in northeastern Honshu, Japan. After this catastrophic event, the Tohoku Ecosystem-Associated 
Marine Science (TEAMS) was formed, which includes many scientists who are investigating ways to 
restore the coastal and lower freshwater ecosystems, including salmon and their relationships with people. 
In this presentation, we introduce the Salmon Café that has been held annually since 2013, and provide 
highlights of research on salmon. The Salmon Café provided much useful information intended to: 1) 
establish a sustainable approach to salmon management, conservation, and use, 2) advise on recent 
research relating to salmon and their environments, 3) provide innovative approaches to salmon industry, 
and 4) protect wild salmon. Information assembled has been diverse, including oceanology, ontogeny and 
developmental biology, life history and migration of juvenile salmon, interactions between population 
dynamics and climate change, genetics, physiology and fish disease, innovative hatchery approaches, 
fisheries industry and economy, food processing, and salmon ethnology. However, the abundance of 
chum salmon has continued to decline since the GEJE, even though damaged salmon hatchery facilities 
and releases of juvenile salmon were quickly reestablished. Results of research relating to retrospective 
analyses of sea surface temperature (SST) and estimation of growth back-calculated from scales for chum 
salmon in the Sanriku coast suggest that warm SST since the early 2000’s have discouraged these fish 
from migrating off the coast resulting in poor growth and survival. In order to recover chum salmon 
production in the Sanriku coast, the restoration of coastal and freshwater ecosystems combined with a 
sustainable risk management approach under a warming climate remain urgent and important issues. 
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Genetic features of chum salmon (Oncorhynchus keta) in the Sanriku-region, northern Honshu Pacific 
coast, Japan, and southernmost region of their natural distribution range, mostly remain to be elucidated. 
For addressing conservation and resource management issues of Sanriku chum salmon, we conducted the 
population genetic analysis of about 3,500 chum salmon representing 11 coastal river and 13 inland 
Kitakami River tributary populations, with novel 16 polymorphic microsatellite DNA markers developed 
using next generation sequencing approach. Sanriku chum salmon populations were genetically 
differentiated from Hokkaido populations with comparable genetic diversity. Phylogenetic analysis 
revealed three genetic groups of coastal early-run, coastal late-run and the Kitakami River in the Sanriku 
region, suggesting the effect of both geographical and temporal factors on the observed structuring. In 
addition, pairwise population FST analysis showed genetic differentiation among fish within the coastal 
early-run and Kitakami groups, but not within the coastal late-run group. The latter findings suggest a 
possible anthropogenic effect such as a past artificial transplantation among the late-run populations. The 
observed genetic characteristics of Sanriku chum salmon will be useful for planning resource 
management for their sustainable use. 
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Wild Population and Natural Spawning of Chum Salmon in the Koduchi River on the Sanriku 
Coast, Japan 
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An intensive hatchery-based stock enhancement program has been implemented since the late 1970s and 
generally believed to sustain the Japanese chum salmon stock. On the Sanriku Coast (the Pacific side of 
the Japan’s mainland) the stock enhancement program has been operated in almost all major rivers and 
has resulted in the drastic increase of the adult fish returning to this area. The Great East Japan 
Earthquake and subsequent tsunami occurred in 2011, however, generated a situation where stock 
enhancement program involving adult catch and mass release of juvenile has been suspended in the 
Koduchi River located on the middle part of the Sanriku Coast. Thus, all chum salmon coming back to 
this river reproduce naturally since the disaster. To evaluate the current status of the wild population and 
natural spawning in the Koduchi River, a quantitative assessment has been conducted in the whole 2017 
and 2018 seasons. A survey was carried out one to three times a week from the end of August or the 
beginning of September to February in the area of 1.0 to 4.0 km upstream from the river mouth of the 
Koduchi River. Spawning redds were visually counted while walking gently and slowly along or in the 
survey reaches and carcasses were collected to estimate the number of returning adults. In both seasons, 
at least 300 spawning redds were observed from the early October to the end of January (363 and 319 in 
the 2017 and 2018 season, respectively) most abundantly in the mid-November to early December, and 
about 2,000 carcasses were collected with a clear peak in December (1,764 and 2,023 in the 2017 and 
2018 season, respectively). As the hatchery adult catch in the Otsuchi River whose river mouth is next to 
that of the Koduchi River was officially reported to be 2,787 and 2,197 in the 2017 and 2018 season, 
respectively, the wild population of the Koduchi River appeared not to be negligible even without 
hatchery stock enhancement program. The results of the present study suggest that natural spawning and 
wild populations are possibly an alternative or additional key to sustain the chum salmon stock in the 
Sanriku region. 
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 James R. Irvine*1, Masahide Kaeriyama2, Shigehiko Urawa3, and Jun Aoyama4 
 
1Pacific Biological Station, Fisheries and Oceans Canada, Nanaimo, BC, Canada V9T 6N7 (*Email: 
james.irvine@dfo-mpo.gc.ca) 
2Arctic Research Center, Hokkaido University, Sapporo, 001-0021 Japan 
3Hokkaido National Fisheries Research Institute, Japan Fisheries Research and Education Agency, Sapporo, 
Japan  
4Atmosphere and Ocean Research Institute, University of Tokyo, Otsuchi, 028-1102 Japan 
 
Application of lessons learned from Japan’s response to the GEJE, augmented by knowledge gained elsewhere, 
can mitigate future large-scale ecological disturbance effects. We describe strategies to facilitate ecosystem 
recovery resulting from ecological disasters, especially those pertaining to tsunami effects on the coastal ecosystem 
and anadromous salmon. After such an event, it is important to quickly identify the spatial extent of resulting 
problems as well as recovery goals with a timeline. Since natural disasters tend to repeat themselves, we need to 
learn from history and be prepared for similar events in the future. Hazard mitigation plans should be in place that 
include: (1) a good understanding of inter-sectoral roles and responsibilities, (2) broad participation (public, 
stakeholders, and knowledgeable experts), (3) effective communication approaches, (4) appropriate physical 
structures (levees, dikes) with large set backs, (5) suitable enhancement facilities outside the potential impact zone, 
and (6) realistic plans for restoring and maintaining habitat and ecosystem diversity and connectivity, necessary for 
the replenishment and maintenance of genetic and phenotypic diversity.  
The GEJE Tohoku Ecosystem-Associated Marine Science (TEAMS) project illustrates many of these strategies. A 
multi-disciplinary team was established soon after the disaster that included ~200 marine researchers with plans to 
build a Marine Science Center in the Tohoku region. Work on several project areas was initiated (ecological 
succession in coastal fisheries, factors controlling coastal and open ocean ecosystem processes, and data sharing, 
publication, and outreach) and five task groups were established. TEAMS has supported numerous scientific 
events including this NPAFC workshop, created a website and database, and supported the publication of >120 
publications as well as many posters and presentations. Relationships among government agencies, and regulations 
and policies pertaining to disaster management were strengthened. Post-event (i.e., before the next event) 
mitigation approaches include: (1) construction of a 400 km seawall, (2) development of coastal dikes; (3) 
reconstruction of destroyed salmon hatcheries, and (4) tidal gates. However, ecological effects of some approaches 
designed to protect people remain uncertain. 
Long-term effects of the GEJE are still being revealed but early indications are that the marine ecosystem is being 
re-established, some local fisheries are rebuilding, and more natural chum salmon spawning than expected is 
occurring. Yet the rebuilding of local chum salmon populations is proving difficult. Recent survivals of chum 
salmon in other areas of Japan have also been poor; research is needed to disentangle the effects of GEJE from 
those affecting all Japanese chum salmon.  
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Legacy of a Disaster: Effects of the Tohoku Earthquake and Tsunami on the Northern California 
Current in the Eastern North Pacific Ocean 
 
Richard D. Brodeur*1, Jessica A. Miller1, John W. Chapman1, and Gayle I Hansen1,2 

 

1Oregon State University, Hatfield Marine Science Center, 2020 SE Marine Science Drive, Newport, Oregon 
97365-5260, USA (*Email: ricbrodeur1@gmail.com) 
2Department of Nuclear Present address: Marine Algal Biodiversity Research, 637 SW 9th Street, #F, Newport, OR 
97365 USA 
 
In the aftermath of the 9.0 magnitude Tohoku earthquake in 2011, substantial devastation occurred due to 
a major tsunami inundating the west coast of Japan.  In addition to the tragic toll on human life, millions 
of metric tons of natural and man-made debris were carried into the coastal ecosystem off Japan and 
possibly 30% of this debris mass floated away into the North Pacific. Many items of this floating 
Japanese Tsunami Marine Debris (JTMD) crossed the North Pacific and landed on North American 
shores. The JTMD varied in size from small particles to whole docks and carried substantial numbers of 
living marine organisms (invertebrates, algae, cyanobacteria and fish) that had the potential for 
establishing on the North American coast. We review the fate of the JTMD fauna and flora since 2011. 
Small amounts of JTMD living Asian species continue to arrive, but no surviving reproductive JTMD 
species have been found. The majority of debris landing on the North American since 2011 has been from 
other sources than JTMD. A secondary effect of the earthquake was the explosions of nuclear reactors at 
the Fukushima Dai-ichi nuclear power plant which interjected enormous concentrations of radionuclides 
(primarily 134Cs and 137Cs) into the atmosphere and nearby ocean, leading to levels many orders of 
magnitude above pre-existing conditions.  These radionuclides were subsequently detected along the 
west coast of North America in both water samples and the biota. We summarize research on the spatial 
and temporal occurrence of this radioactivity and potential effects on the ecosystem of the northern 
California Current. 
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The Challenge of Reconstruction Faced by the Domestic Salmon Industry after the Great East 
Japan Earthquake and Tsunami in 2011 
 
Ikutaro Shimizu* and Katsuhiro Miki 
 
Hokkaido Salmon Distribution Economics Institute, Japan (*Email: e9talowseemezoo@gmail.com; Tel: 
81-080-6073-3291)  
  
The salmon industry consists of hatchery enhancement, set net fisheries and seafood processing. That 
industry was basically closed down by the Great East Japan Earthquake and subsequent tsunami. Salmon 
hatcheries, processing companies, fishing boats, fishing equipment, and coastal human communities were 
wiped off the map by the destructive power of tsunami. We have been researching the recovery status of 
seafood processing complexes and individual seafood companies in the disaster-affected areas since 
October 2011. Our main objective was the coordinating necessary information for the fishing industry in 
the disaster-struck region. We clarified the causes affecting recovery speed based on the results of 
interviews in seafood processing companies and categorized the factors. The causes of delayed recovery 
were as follows. (1) The degree of subsidence was greater than initial expectation and the flooded areas 
were larger. (2) The size of processing complexes before that earthquake were greater developed than 
initial expectation. (3) There was a necessary delay for preparing a master plan to rebuild whole 
destroyed areas. (4) There was a lot of time to form a bottom-up consensus among the participants. On 
the other hands, the causes of fast recovery were as follows. (1) Employers were not victims themselves 
and were highly motivated to rebuild their businesses. (2) Immediate planning for recovery to coincide 
with preparing for salmon fishing season after the disaster occurred. (3) Information was gathered 
quickly using emergency government grants after tsunami. (4) Support from business groups and buyers 
(or consumers) was forthcoming. (5) Avoidance of the loss of raw materials and products inventory 
(diversification to avoid management risk). (6) Companies were reconstructed by top-down leadership. 
Necessary return of salmon resource was one of the biggest motivations of reconstruction in salmon 
industries. We estimated that salmon-processing capacity has been restored to a level of 19,000 tons, less 
than the 25,000 tons of salmon harvested in the disaster-affected areas before tsunami. However, we are 
concerned about the slow recovery of the lost share of Tohoku products in the Japanese seafood markets. 
It will be necessary to clarify to the main consumer markets in Japan the provenance of fish and seafood 
products from Tohoku region fisheries. Sanriku seafood industries need to develop the domestic new 
markets for their own future. We hope a chance of innovation for new fishery complexes in the Sanriku 
region. 
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A Survey of the Coast-wide Decline in Survival of West Coast Chinook and Steelhead  
 
David Warren Welch*, Aswea Dawn Porter, and Erin Leanne Rechisky 
Kintama Research Services, 4737 Vista View Cr., Nanaimo, B.C. Canada V9V 1N8 (E-mail: 
David.Welch@Kintama.com) 
We collated data for Chinook salmon and steelhead from all available regions of the Pacific coast of North 
America to examine the large-scale patterns of salmon survival occurring over the last half century.  For 
consistency, our analyses primarily use CWT-based smolt-to-adult return rate (SAR) estimates.  Survival 
collapsed over the past half century by roughly a factor of three to ca. 1% for many regions.  One of the earliest 
population groups to show this decrease in SARs was the Snake River, an important tributary of the Columbia 
River.  However, the SARs of Snake River populations, often singled out as exemplars of poor survival caused by 
the completion of multiple large hydroelectric dams in the 1970s, are unexceptional and in fact similar to or higher 
than estimates reported from many other regions of the west coast lacking dams.  These regions include SE 
Alaska, a region with exceptional freshwater habitat values.  Given the seemingly congruent decline in SARs to 
similar levels, the notion that contemporary survival is driven primarily by broader oceanic factors rather than local 
freshwater factors should be considered.  This raises interesting biological questions about what biological 
mechanisms can cause populations from such a broad swathe of territory to all converge with time to have similar 
SAR rates.  More practically, from a policy perspective ambitious rebuilding programs for salmon populations in 
southern regions of North America that are predicated on improving freshwater habitats may be unachievable 
because regions with essentially pristine freshwater conditions, such as SE Alaska and northern BC, also have 
similar conservation issues.  More thought is needed on how SARs should be quantified and how rebuilding 
targets are defined.  Finally, as survival has decreased there has been a substantial increase in the number of 
populations being monitored.  More attention on coordinating these varied programs would be useful to ensure 
that the data are consistent and comparable amongst populations and to further assess the implications of survival 
falling to similar levels in most regions of the west coast. 
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State of Canadian Pacific Salmon 2019 & 2020: Responses to Changing Climate and Habitats 
 
Sue C.H. Grant*, Bronwyn L. MacDonald, Jennifer L. Boldt, David A. Patterson, Kendra A. Robinson, Ian Perry, 
Jackie King, Chrys M. Neville, Dan T. Selbie, Keri Benner, Lucas Pon, Joe A. Tadey, and Mike Hawkshaw 
 
Fisheries and Oceans Canada, 401 Burrard Street, Vancouver, Canada (*Email: Sue.Grant@dfo-mpo.gc.ca; Tel: 
604-318-6482) 
 
Canadian Pacific salmon and their ecosystems are already responding to climate change. Northeast 
Pacific Ocean warming trends and marine heatwaves like ‘the Blob’ are affecting ocean food webs. 
British Columbia and Yukon air and river temperatures are increasing, and precipitation patterns are 
changing, altering freshwater habitats. The effects of climate change in freshwater are compounded by 
natural and human-caused landscape change, which can lead to differences in hydrology, increases in 
sediment loads and frequencies of landslides. These marine and freshwater ecosystem changes are 
impacting Pacific salmon at every life stage. 
Some general patterns in Canadian Pacific salmon abundances are emerging in recent years, concurrent 
with climate and habitat changes. Chinook numbers are declining throughout their BC and Yukon range, 
and Sockeye and Coho numbers are declining most notably at southern latitudes. Salmon that spend less 
time in freshwater, like Pink, Chum, river-type Sockeye, and ocean-type Chinook, are generally not 
exhibiting long-term declines.  
Conditions in the 2019 and 2020 return year were poor for most Canadian Pacific salmon populations. 
Warm temperatures continued in the ocean and freshwater. For populations like Fraser Sockeye salmon, 
survival and returns in 2019 and 2020 were the lowest on record. There were few exceptions to poor 
salmon returns, such as Chinook returns on the east coast of Vancouver Island. 
A major landslide on the mid-Fraser River compounded poor salmon survivals in 2019 and 2020. The 
landslide blocked passage of adult salmon migrating in spring and early summer months to the upper 
Fraser River. Hence, relatively few fish reached the upstream spawning grounds in 2019. The landslide 
remains a barrier to salmon upstream migration, and work is on-going to improve fish passage 
conditions. 
Recent salmon trends suggest that not all species or populations are equally vulnerable to climate and 
habitat change. Improving our understanding of salmon vulnerability to changing climate and habitats 
will ensure our fisheries management, salmon recovery, and habitat restoration actions are aligned to 
future salmon production and biodiversity. To accomplish this, we must integrate and advance our 
knowledge of salmon-ecosystem responses to climate change across disciplines and organizations.  
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Recent Trend in Variability of Chum Salmon Stock and its Potential Mechanism in Hokkaido, 
Japan 
 
Hirokazu Urabe1*, Hayato Saneyoshi1, and Makoto Hatakeyama2 
 
1Salmon and Freshwater Fisheries Research Institute, Hokkaido Research Organization, 3-373 Kitakashiwagi, 
Eniwa, Hokkaido, Japan (*Email: urabe-hirokazu@hro.or.jp; Tel: +81-123-32-2136) 
2Central Fisheries Research Institute, Hokkaido Research Organization, 238 Yoichi, Hokkaido, Japan  
 
Chum salmon stock in Hokkaido has been declining since its peak in 2004. In 2017, its stock level 
reached the lowest level over the past 30 years. In addition, we observed that the stock levels were lower 
than what we predicted using the sibling regression method. In such a situation, improving hatchery 
programs and enhancing the accuracy of the pre-season forecast are essential to manage the chum salmon 
stock in Hokkaido. Then, we explored factors affecting the variability in stock level and precision of the 
pre-season forecast. 
Our analyses revealed that the return rate of chum salmon is positively correlated with coastal sea surface 
temperature (SST) at ocean entry timing. This suggests that the SST during the ocean entry timing of 
chum salmon juveniles would be a major driver in controlling the year-class abundance, and that the 
decline of the stock level would be caused by the “cold-spring” SST phase around Hokkaido. In 2016, the 
ocean regime around Hokkaido has changed to a “warm-spring” phase; however, the 4-year-old fish 
abundance of the 2015 year-class has not recovered, and a deviation between pre-season forecast and 
actual abundance increased, as well. 
We found that the deviations between pre-season forecast and actual abundance were mainly caused by 
overestimating the abundance of 4-year-old fish. We analyzed the relationships between age at maturity 
of year classes and the ratio of 4-year-old fish to 3-year-old fish abundance, sibling relationship, to 
identify the factors affecting these overestimations. Our analyses revealed that the age at maturity had 
decreased in most areas, and it would affect the sibling relationships. 
These results suggest that the decline of chum salmon stock levels in Hokkaido would have been mainly 
caused by cold ocean conditions during spring. In addition, the analysis for the 2015 year-class, which 
matched favorable ocean conditions in the coastal area, suggests that survival rate in the Okhotsk sea 
and/or farther area might be decreasing, recently. Decline of the age at maturity, which affect the sibling 
relationship, suggests that survival rate of fish with slower growth rate might be decreasing. 
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International Variability of Japanese Chum Salmon Abundance in the Summer Bering Sea during 
a Long Monitoring Survey in 2007–2019 
 
Shunpei Sato* and Shigehiko Urawa 
 
Fisheries Resources Institute, Japan Fisheries Research and Education Agency, 2-2 Nakanoshima, Toyohira-ku, 
Sapporo, 062-0922, Japan (*E-mail: sato_shunpei50@fra.go.jp) 
 
Asian chum salmon (Oncorhynchus keta), including Japanese stocks, are mainly distributed in the Bering 
Sea during summer to feed abundant preys. Since 2007, Japanese salmon research cruises have been 
annually conducted by R/V Hokko maru in the summer Bering Sea in order to monitor the abundance, 
growth and feeding of chum salmon and their habitat environments. In this study, we estimated 
stock-specific abundance of chum salmon using a genetic stock identification (GSI) method. Our 
monitoring research has been carried out at 17 stations in the central Bering Sea (52º 30’ N–58º 33’ N, 
174º 49’ E–174º 49’ W) using a surface trawl net. Average number of chum salmon caught was 2,885 fish 
(range: 2,653–3,308 fish) between 2007–2013 except for 2010 (no survey), while it was 2,068 fish 
(range: 1,532–3,058 fish) between 2014–2019. Stock compositions of immature chum salmon were 
estimated using a conditional likelihood using a SNP baseline dataset from 186 populations in the Pacific 
Rim. GSI estimated compositions was 26.1±1.0-38.7±1.3% (mean ± standard deviation) Japanese, 
58.6±1.5-69.4±1.2% Russian, and 2.6±0.7-4.0±0.9% North American stocks during 2007–2013 seasons. 
On the other hand, the stock composition was 15.8±1.1-25.9±1.4% Japanese, 65.3±1.6–73.1±1.6% 
Russian, and 7.0±1.1–14.7±1.3% North American stocks during 2014–2019. Stock-specific CPUE (catch 
per unit effort) of chum salmon in the summer Bering Sea suggests that the abundances of Japanese and 
Russian stocks in 2007–2013 were higher than that in 2014–2019 seasons. Particularly, the abundance of 
Japanese stocks decreased dramatically in 2014 and continued in low level during the following years 
(2015–2019). There was a significant positive correlation between mean CPUE of ocean age (OA)-2 
Japanese stocks in the Bering Sea and the numbers of OA-3 fish returning to Japan in the next year. We 
will discuss a long-term trend of Japanese chum salmon abundance by OA or brood year in the summer 
Bering Sea and their adult returns. 
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Genetic Mixed Stock Analysis as a Tool for Identifying Immature Chinook Salmon Stock 
Distribution in the Bering Sea 
 
Elizabeth Lee*, Kathrine Howard, Sabrina Garcia, Jim Murphy, Charles M. Guthrie III, Alex Andrews, Tyler 
Dann, and Wes Larson 
 
Alaska Department of Fish and Game, 333 Raspberry Road, Anchorage, AK, USA (*Email: 
Elizabeth.Lee@alaska.gov; Tel: 1-907-267-2161) 
 

Hypotheses focused on the marine life of salmon in the north Pacific and Bering Sea are limited by a 
relatively incomplete understanding of stock-specific marine distribution patterns. Conceptual models of 
distribution and migration routes for salmon stocks tend to be developed by piecing together numerous 
lines of evidence from disconnected source studies, often involving data from genetic stock composition 
and recaptures of marked or tagged fish. General conceptual models of migration routes for North 
American Chinook salmon stocks still contain significant gaps and migration patterns may not be 
stationary over time. For example, while British Columbia and Western US Coastal stocks are believed to 
predominantly inhabit North Pacific waters, these stocks have become proportionally more prevalent in 
southeastern Bering Sea groundfish fishery bycatches in recent years, increasing from 14% of the 
Chinook salmon bycatch in 2011 to 55% in 2017. It is unclear if this interannual variation is a result of 
changing relative abundances of Chinook salmon stocks, changing fishery practices, or changing 
migratory patterns related to marine environmental conditions. Here, we present stock composition 
estimates from opportunistic sampling of immature Chinook salmon from fall research surface trawl 
surveys on the eastern Bering Sea shelf from 2003 to 2019. Mixed stock analysis was conducted using 
genetic markers common to a coastwide baseline of Chinook salmon. Overall, Western Alaskan and 
Yukon River Chinook salmon stocks compose 84% of the immature Chinook salmon catches across all 
locations during fall, but approximately 91% of the catches in the northeastern Bering Sea (60°N to 
65.5°N). In the southeastern Bering Sea (54°N - 60°N), stocks from coastal Gulf of Alaska (~17%), 
British Columbia (~11%) and U.S. Pacific Northwest (~2%) are more prominent than in the north. These 
fishery-independent data spatially and temporally expand upon the body of knowledge for Bering Sea 
Chinook salmon stock distribution patterns established in the literature. More samples are needed to 
understand how these stock distribution patterns may differ by duration of marine residency (saltwater 
age). 
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Moving Targets: Assessing Fraser River Pink Salmon Run Size During a Period of Change and 
Uncertainty  
 
Merran Hague1*, Rachael Hornsby1, Jessica Gill1, Catherine Michielsens1, and Erica Jenkins2 

 
1Pacific Salmon Commission, 600 - 1155 Robson St., Vancouver, BC, Canada, V6E 1B5 
(*Email: Hague@psc.org; Tel: (604) 684-8081) 
2Ministry of Forests, Lands, Natural Resource Operations, and Rural Development, Station Provincial 
Government, Victoria, BC, Canada V8W 9M3 
 
Fisheries targeting pink salmon (Oncorhynchus gorbuscha) returning to the Fraser River in British Columbia are 
managed bi-laterally by Canada and the United States under the Pacific Salmon Treaty. The Pacific Salmon 
Commission (PSC) is responsible for providing both countries with in-season estimates of Fraser River pink 
salmon daily abundances in marine areas, as well as updates to the total expected run size and timing of the run. 
In-season stock assessments are challenging because pink salmon returns are highly variable from year to year, and 
occur in a relatively short time period. Furthermore, trends in Fraser River pink salmon run size, timing, and 
migration route appear to be changing in recent years. As a result, although catch-per-unit-effort data from marine 
test fisheries can provide an early prediction of the pink salmon return, assessments are uncertain due to low, and 
highly variable, estimates of historical catchability. While a hydroacoustics program in the lower Fraser River 
provides higher precision estimates of daily escapement, fish behaviour makes it challenging to combine this 
information with marine abundance indices within run reconstruction frameworks. We discuss the challenges in 
producing timely, accurate, and precise in-season pink salmon run size estimates for the Fraser River, particularly 
under recent trend anomalies. In addition, we discuss how these changes have guided the development of 
improvements to our traditional stock assessment methods. 
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The Ecological Context of Aerobic Scope in Cost of Transport for Chum Salmon Migrating 
Upriver 
 
Takaaki K. Abe* and Takashi Kitagawa 
 
International Coastal Research Center, Atmosphere and Ocean Research Institute, The University of Tokyo 1-19-8, 
Akahama, Otsuchi, Iwate 028-1102, Japan (*Email: t.abe.hpa@gmail.com; Tel: +81-193-42-5611)  
 
Ectotherms adjust their thermal performances to various thermal ranges by altering their metabolic rates. 
Exploring the relationship between thermal niche and the performance of metabolic traits is controversial 
topic in thermal adaptation of ectotherms. Aerobic scope (AS), the difference between resting metabolic 
rate (RMR) and maximum (aerobic) metabolic rate (MMR), has been proposed as a functional metric for 
thermal performance. Thermal sensitivity of AS is described by the thermal performance curve, where 
AS increases with temperature up to a peak (which is defined as the optimum temperature of aerobic 
scope, ToptAS), and declines thereafter. It has reported that some salmonid species exhibit the variety of 
thermal profiles for AS curves, and this suggests population-level adaptations to each temperature 
regimes. Although the intraspecific adaptation of AS has been shown, however, the ecological contexts of 
AS are not fully understood. 
In order to explore the ecological context of thermal performance for AS, we used the framework of cost 
of transport (COT) with aerobic power constraint, which model enables to discuss the effect of maximum 
sustained speed (critical power speed, Ucrit) and the recovery time on COT by assuming the constraint of 
metabolic power supply. The model is applied to chum salmon (Oncorhynchus keta) migrating upriver in 
the Kitakami River, which population has been measured the performance of AS and experienced the 
temperature below ToptAS throughout its upriver migration. As a result, the model indicated that lower 
temperature was better for minimizing COT in chum salmon migrating under low current velocity (< 0.6 
m s−1). Interestingly, under high current velocity (≥ 0.7 m s−1), COT decreased with the temperature up to 
around below ToptAS, but increased sharply higher than ToptAS. The sharp increase in COT became more 
remarkable with higher current velocity. This is because the swim speed minimizing COT become over 
Ucrit under high current velocity and chum salmon would have to spend a large fraction of its time for 
resting. Indeed, the chum salmon attached accelerometer showed holding behavior under high current 
velocity although it didn’t under low velocity during its upriver migration. Our result proposed the 
temperature just below ToptAS is better to save COT for salmon migrating upriver as observed in nature. 
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Does Long-distance Downstream Migration Influence the Survival of Chum Salmon? Comparison 
of Adult Returns between the Upper and Lower Reaches Release Sites 
 
Kiyoshi Kasugai*1, Mitsuru Torao2, and Mitsuhiro Nagata3 
 

1Doto Research Branch, Salmon and Freshwater Fisheries Research Institute, 3-1-10 Maruyama, Nakashibetsu, 
Hokkaido 086-1164, Japan (*Email: kasugai-kiyoshi@hro.or.jp; Tel: +81-153-72-6141) 
2Salmon and Freshwater Fisheries Research Institute, 3-373 Kitakashiwagi, Eniwa, Hokkaido 061-1433, Japan  
3Hokkaido Aquaculture Promotion Corporation, Hokkaido Suisan Building 3F, Kita-3 Nishi-7-1, Chuo-ku, Sapporo, 
Hokkaido 060-0003, Japan 
 
Mass mortalities have been thought to occur immediately after entry into the ocean in the early life 
history stages of chum salmon (Oncorhynchus keta). High levels of mortality in chum salmon fry were 
observed in the river. In Nishibetsu River, which is located in eastern Hokkaido, northern Japan, chum 
salmon fry migrate downstream over a distance of approximately 100 km from the hatcheries in the 
upper reaches to the river mouth. Chum salmon fry released into the upper reaches in mid-April arrived 
at the lower reaches about two weeks later. Condition factors of fry caught in the lower reaches were 
lower than those of fry released into the upper reaches.  
We compared adult return between marked fry released into the upper reaches (UR) and the lower 
reaches (LR) on the same day to investigate the influence of long downstream migration on the survival 
of chum salmon. Condition factors of UR were lower than those of LR in the littoral zone, although catch 
number of UR was almost similar to catch number of LR in the nearshore areas. The number of returned 
UR adults was estimated to be approximately half the number of returned LR adults. The deterioration of 
nutritional conditions for fry in the course of downstream migration could influence salmon survival. 
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The Use of Spatial Stream Network Models to Evaluate the Effects Varying Stream Temperatures 
on Wild Coho Life History Expression and Survival 
 
Marisa N. C. Litz*, Mickey Agha, John J. Winkowski, Devin West, and Jennifer Kordosky  
 
Washington Department of Fish and Wildlife, PO Box 43200, Olympia, WA 98504-3200, USA (Email: 
marisa.litz@dfw.wa.gov; Tel: 1-360-701-6359) 
 
 
Climate variation and climate change is affecting survival of Pacific salmon stocks all along the west 
coast of North America. In this study, we evaluated survival of a wild coho stock originating from coastal 
Washington where a full census trap has operated since 1982. Annually at the trapping site, all coho 
smolts were marked with a coded wire tag (CWT) and released. Recoveries of adults in fisheries and 
returning to the trap were used to estimate marine survival, and this information was used to inform 
pre-season forecasts throughout coastal Washington. We also recorded information on life history 
diversity such as timing and size of outmigration. Freshwater rearing conditions are known to influence 
smolt characteristics such as emigration timing and body size, which in turn influence age-at-maturity 
(jack rates) in the marine environment. Over time, the prevalence of jacks increased in this system, and 
we hypothesized that variation in jack abundance was related to freshwater rearing conditions (e.g., 
streamflow, temperature). Preliminary analysis established an inverse relationship between rearing 
streamflow rates and jack survival. Using a spatial stream network (SSN) model of coastal Washington 
stream temperatures, we predicted the prevalence of jacks under past and future climate scenarios. 
Accounting for uncertainty in jack rate has potential to improve forecast performance in coastal systems 
throughout the Pacific Northwest.  
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Assessing the effect of temperature on predation risk of juvenile Chinook salmon in the 
Sacramento-San Joaquin River Delta System  
 
Alexandra G. McInturf*, Ken W. Zillig, Dennis Cocherell, Cyril Michel, and Nann A. Fangue   
 
Department of Wildlife, Fish and Conservation Biology, University of California, Davis, One Shields Avenue, 
Davis CA 95616 (*Email: amcinturf@ucdavis.edu; Tel: 513-504-8939) 
 
In light of ongoing environmental change, understanding the complexities of stressor impacts across 
biological scales is a major challenge. Many studies examine the effects of a stressor (e.g., temperature, 
toxins, disease) on a given organism. However, focusing on a single species alone has limitations, as 
stressor effects likely change interspecific dynamics that are equally critical to species resilience. The aim 
of this study was to explore how one such stressor, temperature, mediates trophic interactions between 
juvenile Chinook salmon (Oncorhynchus tshawytscha) and their predators in the Sacramento-San Joaquin 
River Delta system. Here we present preliminary results, using largemouth bass (Micropterus salmoides) 
as the predator species. Temperature influences metabolism and correlates to the amount of energy 
available for fitness-relevant parameters (i.e., swim performance and escape response). Because 
temperatures that maximize metabolism are species-specific, we hypothesized that optimal temperatures, 
or those conferring a thermal metabolic advantage [TMA], differ between bass and salmon and affect the 
outcome of predator-prey interactions. Specifically, we predicted that warm-water predators such as 
largemouth bass would have a higher thermal optimum than salmon, and vice versa. Bass should thus 
possess a TMA in warmer temperatures and salmon, in cooler waters. We first identified the intrinsic 
thermal physiology of both species, establishing the temperatures at which each possessed a TMA. We 
then assessed how TMA affected trophic interactions via predation trials, which were conducted across a 
range of temperatures. Our results suggest that temperature significantly affects both anaerobic and 
aerobic capacity of these fish and the outcome of the predation trials; more salmon were eaten at warmer 
temperatures, where bass possessed the TMA, than cold temperatures, where salmon were thermally 
advantaged. Ultimately, these findings could provide ecosystem managers with tools to predictively 
model, if not functionally suppress, predation upon juvenile salmon based on prevailing and future water 
temperatures.  

mailto:amcinturf@ucdavis.edu


The Third NPAFC-IYS Workshop (2021) on Linkages between Pacific Salmon Production and Environmental Change 

 

39 
 

Pre-recorded Oral-11 
 
Topic 1. Salmon Production in Changing Environments (1-3. Survival mechanism of juvenile salmon in 
changing ocean environments) 
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A 21- year study of the factors affecting the production of coho salmon in the Strait of Georgia benefited 
from a virtual closure of fishing that facilitated an interpretation of ocean ecosystem effects on 
production. Equally important was a regime-like shift in ocean productivity about midway through the 
study. The major conclusion is that escapement levels and hatchery production had very limited influence 
on adult returns. Instead, there were two distinct impacts of ocean carrying capacity. The first regulation 
of production by carrying capacity was in the first ocean year in the Strait of Georgia. This was followed 
by a second and distinct impact by the carrying capacity in waters off the west coast of Vancouver Island 
where coho salmon spend their second year. 
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Density-dependent Marine Survival of Salish Sea Chinook and Coho Salmon Associated with Pink 
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Canada 
 
Understanding how species influence the population dynamics of each other is an essential part of 
ecosystem-based management. We first analyzed 30 years of data and found that density-dependent 
survival of hatchery Chinook salmon (Oncorhynchus tshawytscha) released into the Salish Sea, on the 
western side of the US and Canada border, may be associated with the presence of naturally-produced 
pink salmon (O. gorbuscha). Pink salmon are highly abundant as juveniles only in even-numbered years. 
We modeled hatchery Chinook salmon marine survival as a function of the numbers of juvenile Chinook 
released and the presence of emigrating juvenile pink salmon between 1983 and 2012. We found that in 
some regions of the Salish Sea, both hatchery Chinook salmon marine survival and adult Chinook returns 
varied depending on the number of hatchery Chinook released and the presence of juvenile pink salmon. 
Specifically, in some regions hatchery Chinook salmon marine survival decreased when greater numbers 
of juveniles were released into the Salish Sea in even years, when large numbers of pink salmon were 
present, but increased or remained stable when pink salmon were not present in large numbers. This 
suggests lower, density-dependent survival of juvenile Salish Sea Chinook salmon during even 
outmigration years. Second, we also evaluated whether wild Chinook salmon productivity was associated 
with a pink salmon even/odd year signal. We did not find any association. This may be due to emigration 
periods of hatchery vs. natural-origin Chinook salmon. Finally, we performed a similar analysis for 
Salish Sea hatchery and wild coho salmon (O. kisutch) populations as we did for hatchery Chinook 
salmon to examine density-dependent survival of these fish. We found a strong negative relationship 
between coho marine survival and the numbers of hatchery coho salmon released throughout the Salish 
Sea. However, the presence or absence of pink salmon did not appear to be associated with coho marine 
survival rates. Our analyses suggest that scientists and managers should further investigate potential 
mechanisms for density-dependent survival of hatchery Chinook and coho salmon from Salish Sea 
hatcheries when designing strategies to maximize adult returns.  
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Prey Selectivity of Juvenile Salmon in Coastal Waters during Contrasting Years and their Relation 
to Early Marine Survival 
 
Elizabeth A. Daly*1, Richard D. Brodeur2, Cheryl A. Morgan1, Brian J. Burke3, and David D. Huff2 
 
1Cooperative Institute for Marine Resources Studies, Oregon State University, Newport, OR 97365 USA (*Email: 
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WA 98112 
 
Feeding conditions for juvenile salmon during their early ocean residence has been shown to be critical to 
their growth and survival, although direct sampling of their food availability has been limited. We 
sampled potential salmon prey in two contrasting years: 2017 and 2018 in coastal waters off Washington, 
USA. Ocean temperatures in 2017 were warm, with low catches at almost every trophic level measured, 
and was a poor ocean productivity year for salmon based on NOAA’s ocean ecosystem indicators. In 
2018, ocean temperatures were cooler than 2017 though still above the long-term average, and numerous 
ecosystem indicators in 2018 were higher than 2017. The measured prey field biomass indicated that prey 
for juvenile salmon in 2018 was almost twice the biomass observed in 2017. The weight of Cancer crab 
larvae, and the condition of the juvenile fish were higher in 2018, leading to juvenile salmon being in 
better overall condition that year (based on length-weight residuals). Yearling coho (Oncorhynchus 
kisutch) and Chinook (O. tshawytscha) salmon exhibited negative selectivity on fish such as juvenile 
smelts (Osmeridae) and flatfishes (Pleuronectidae) relative to the availability of these taxa, and they 
exhibited positive selectivity on Pacific sandlance (Ammodytes personatus), sculpins (Cottidae), and 
rockfishes (Sebastes spp.). For invertebrate prey, both salmon positively selected for Cancer spp. larvae 
and Coho salmon also positively selected for shrimp larvae (Pandalidae) and amphipods (Amphipoda). 
During the lower prey resources of 2017, juvenile coho and Chinook salmon had high diet overlap and 
the diets were not significantly different when caught at the same sampling location. In 2018, coho and 
Chinook salmon had significantly different diets leading to lower diet overlap at individual stations. 
Although two years is insufficient to draw any conclusions, our results are in line with an emerging 
hypothesis: that diet partitioning may occur when food resources are plentiful, and interspecific 
competition for the same prey may occur when food resources are lower. Ultimately, coho and yearling 
Chinook salmon both returned from ocean outmigration year 2017 in extremely low numbers, and 
preliminary coho salmon survival (based on adult counts) from outmigration year 2018 was higher than 
2017. Most adult yearling Chinook salmon from outmigration year 2018 return in early-mid 2020 and are 
predicted to be higher than 2017. 
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Return Rates of Chum Salmon are Affected by Different Timings of Juvenile Release 
 
Yuya kogame*and Hayato Saneyoshi 
 
 
Salmon and Freshwater Fisheries Research Institute, Hokkaido Research Organization, 3-373 
Kitakashiwagi, Eniwa, Hokkaido 061-1433, Japan (*Email: kogame-yuuya@hro.or.jp; Tel: 
+81-123-32-2135) 
 
Recently, there has been a decreasing trend in the return rate of late-run chum salmon juveniles released 
from hatcheries in southern Hokkaido. According to previous studies, return rates are critically affected 
by mortality of juveniles along the coast, which is related to coastal sea surface temperature (SST) and 
juvenile weight at release. In the Hokkaido hatchery program, chum salmon are classified into three 
populations (early-, middle-, and late-run) depending on run timing. Their offspring are released in the 
corresponding order, and juveniles of each run population experience different coastal environments. We 
therefore hypothesized that coastal environmental conditions faced by late-run juveniles are not optimal. 
Verifying this hypothesis required analysis of return rates and the coastal environment for each run 
population. This study aimed to clarify the relationship of each run population’s return rate to release 
timing, weight of juveniles at release, and coastal SST. To determine return rates, we compared the 
number of released juveniles and captured returned fish in the Moheji River from 2002 to 2014. We then 
examined the effects that mean juvenile weight at release, the halfway point of population release (the 
time at which the number of released fish reached half of the total), and the coastal SST of the Tsugaru 
Strait exerted on return rates for each run population. There were no obvious changes in return rates for 
the early-and middle-run populations over the study period. However, for the late-run population, the 
return rate decreased. The halfway point of population release had a positive correlation with return rates 
for early and middle runs (early, r = 0.62, p < 0.05; middle, r = 0.64, p < 0.05). On the other hand, for the 
late run, the halfway point of population release and the coastal SST at that time showed a negative 
correlation with the return rate (halfway point of population release, r = -0.75; coastal SST, r = -0.68; p < 
0.05). Furthermore, the length of the period from the halfway point of population release to the time 
when the coastal SST exceeded 13°C (optimal coastal SST duration) was positively correlated with return 
rate (r = 0.83, p < 0.001). No correlation was observed between mean weight at release and return rate for 
any of the three runs. This study shows that the return rates of late-run populations are affected by the 
timing of juvenile release and the duration of optimal coastal SST. 
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The International Year of the Salmon Pan Pacific High Seas Expedition 2022 
 
Caroline Graham*1, Vladimir Radchenko1, Evgeny Pakhomov2, Ed Farley3, Laurie Weitkamp4, Dick Beamish5, 
Brian Riddell6, Jackie King5, Chrys Neville5, Shunpei Sato7, Shigehiko Urawa7, Aleksey Somov8, Aleksandr 
Starovoytov8, Sang-Seon Yun9, Erika Anderson5, Tim Van Der Stap10 and Mark Saunders1 

 
1North Pacific Anadromous Fish Commission, Suite 502, 889 West Pender Street, Vancouver, BC, Canada, V6C 3B2 (*Email: 
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2University of British Columbia, Vancouver, BC, Canada. 
3Alaska Fisheries Science Center, NOAA Fisheries, Juneau, AK, USA. 
4Northwest Fisheries Science Center, NOAA Fisheries, Newport, OR, USA. 
5Pacific Biological Station, Fisheries and Oceans Canada, Nanaimo, B.C., Canada. 
6Pacific Salmon Foundation, Vancouver, BC, Canada. 
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9Big River Scientific LLC, Mukilteo, WA, USA 
10Hakai Institute, Quadra Island, BC, Canada.  
 
Pacific salmon are an important cultural, commercial, and biological resource for countries of the North Pacific rim. Salmon 
and the people that depend on them are faced with increasing uncertainty in the behaviour of climate and ecosystems with 
serious social and ecological implications. As conditions become more and more variable and returns continue to decline, the 
need to understand factors affecting salmon during all life history stages intensifies. 
Currently, very little is known about factors affecting Pacific salmon when in the high seas. Historical data in the high seas is 
sporadic and limited, most surveys conducted in the sixties and seventies. As part of the International Year of the Salmon, the 
North Pacific Anadromous Fish Commission (NPAFC) with its five member countries (Canada, Japan, the Republic of Korea, 
Russia, and the United States) is planning a Pan-Pacific High Seas research expedition in late winter 2022 to build upon a 
2019 expedition to the Gulf of Alaska. Originally scheduled for early 2021, given the challenges of completing an 
international survey during the pandemic, the difficult decision was made to postpone the 2021 multi-vessel research 
expedition to winter of 2022.  
As many as five research vessels with researchers from five countries will concurrently survey the North Pacific. The 
overarching objective is, “To demonstrate the utility of an international pan-Pacific winter ecosystem survey to understand 
how increasingly extreme climate variability in the North Pacific Ocean and the associated changes in the physical 
environment influence the abundance, distribution, migration, growth, fitness and survival of Pacific salmon and surrounding 
species.” We have been working with a group of scientists from around the Pacific Rim to develop a set of four 
sub-objectives: (1) Determine species and stock-specific ocean distributions and relative abundances, and condition of 
juvenile, immature/mature Pacific salmon within the study area, and factors/mechanisms controlling them. 
(2) Document the spatial and temporal variation in physical and biological oceanographic conditions, (3) Document the 
distribution, condition, and standing stocks of zooplankton, and nekton that serve as the prey base for Pacific salmon and 
associated marine fishes, and (4) demonstrate that ability to effectively collaborate across the five NPAFC parties and our 
partners to conduct integrated ecosystem research that will support the sustainable management of salmon in a rapidly 
changing North Pacific Ocean. Work on a set of research plans and protocols to be undertaken by all vessels is ongoing. We 
will share our progress to date and discuss the information which is expected to emerge from this research. Information from 
the high seas will ultimately be connected with freshwater and coastal data to give a clearer picture of challenges Pacific 
salmon face throughout their life cycle. 
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Stock Identification of Chum Salmon Overwintering in the Gulf of Alaska by Using a New SNP 
Baseline 
 
Shigehiko Urawa1*, Terry Beacham2, and Shunpei Sato1  
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First winter is assumed as a critical period for the survival of Pacific salmon. The Gulf of Alaska is an 
important winter habitat for chum salmon originating from both Continents of North America and Asia. 
There are, however, limited knowledges for their stock-specific distribution, abundance and survival in 
winter. An international cooperative survey was conducted in the Gulf of Alaska between February 16 
and March 18, 2019 onboard the Russian R/V Professor Kaganovskiy. A total of 223 chum salmon were 
caught by a surface trawl, which was most abundant catch among Pacific salmon. Although chum salmon 
were widely distributed in the survey area (47–56ºN, 137–147ºW), they were relatively abundant in 
southwestern warm waters.  The SST of chum salmon habitats averaged 6.7ºC, ranging between 5.0ºC 
and 7.5ºC. The geographical origin of individual fish was estimated by using a new Pacific-rim SNP 
baseline (537 SNPs, 424 populations) developed by the Pacific Biological Station. The SNP analysis 
confirmed that chum salmon in the winter Gulf of Alaska were a mixture of various populations: 22.0% 
Japan, 20.2% Russia, 14.8% West Alaska, 5.1% Yukon River, 6.5% Central Alaska, 11.2% Southeast 
Alaska, 16.5% BC, and 3.7% Washington. The SNP analysis also demonstrated that most fish of 
southern populations such as Japan, BC and Washington were distributed in the relatively warm water 
south of 52ºN. Fifteen % of chum salmon showed skinny condition (0.9 < Condition Factor), most of 
which were ocean age 2 or 3. The dominant origins of skinny fish were Japanese (29.7%) and BC 
(31.2%) populations. Especially ocean age-2 BC chum salmon were 70–75% in skinny condition. From 
these observations we propose three hypotheses: 1) not only first winter but also following winters are a 
critical time for the survival of chum salmon; 2) chum salmon have a survival strategy that they 
overwinter less feeding and mainly using their energy cumulated in the previous summer/fall seasons; 
and 3) the energy content level prior to winter season and the winter habitat temperatures affect the 
survival of chum salmon. To test the hypotheses, we need follow-up research during summer and fall 
seasons in addition to global winter high-seas researches in the North Pacific Ocean. 
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Updated Results on the Winter Energetic Status of Pacific Salmon in the Gulf of Alaska 
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1Auke Bay Laboratories, Alaska Fisheries Science Center, National Oceanic and Atmospheric Administration, 
Juneau, AK, USA (*Email: Charlie.Waters@noaa.gov) 
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AK, USA 
 
Overwinter survival of Pacific salmon is influenced by their ability to acquire sufficient lipid reserves in 
the preceding summer and fall. While intra- and inter-specific competition may occur throughout their 
life history, winter is considered a period when competition among salmon is highest due to low prey 
biomass. Additionally, competition may be exacerbated by large-scale hatchery releases of pink and 
chum salmon in the North Pacific Ocean. The 2019 International Gulf of Alaska Expedition was a 
comprehensive, international survey to address these and other questions related to the winter ecology of 
Pacific salmon. Here, we assessed the winter fitness of Pacific salmon by estimating their lipid content, 
protein content, and energy density from samples of muscle tissue. Preliminary analyses suggest that 
energy densities between chum, coho, pink, and sockeye salmon were similar despite different prey 
preferences and feeding intensities. Hatchery- and wild-origin salmon, which were differentiated using 
thermal marks, also exhibited similar energy densities, although sample sizes were limited. We also 
explored correlations between energy density values and environmental factors, such as geographic 
location and water temperature. Last, we examined the degree of trophic overlap between species using 
bulk stable isotopes. Together, the results will improve our understanding of winter fitness and intra- and 
inter-species competition that occurs during this critical period.  
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Thiamine Deficiency Complex (TDC) is a nutritional deficiency of thiamine (vitamin B1) recently linked with high mortalities 
of early life stages of Chinook salmon in California’s Central Valley (CV) hatcheries in 2020 and 2021. Clinical signs of TDC 
are anorexia and sporadic spinning prior to death. Offspring of female salmon with reduced levels of thiamine are prone to 
TDC. The current hypothesis: there was an unusual narrowing of the diversity of CV Chinook marine diet and/or a more 
southerly ocean distribution of Chinook salmon foraging in 2019-2020 where prey was either deficient in thiamine levels or 
high in thiaminase (Northern anchovies). Thiaminase is an enzyme that destroys or inactivates thiamine, and has been 
identified as the primary explanation for low levels of thiamine and subsequent onset of TDC in Great Lakes and Baltic Sea 
salmonids. While the cause may be due to a reorganization of marine food webs, there are significant consequences to salmon 
populations in freshwater.  TDC was first observed in CV hatcheries in broodyear (BY) 2019 spring, fall and late-fall 
Chinook salmon, and then in BY2020 winter run and spring-run Chinook salmon.  Ecosystem surveys in 2019 found the 
highest abundances of northern anchovy off central and southern California on record. In 2019 fishermen reported catching 
salmon with stomachs full of anchovy, but not other typical prey items such as krill, squid, juvenile rockfish, or sardines. 
While ocean surveys were sharply limited in 2020 due to COVID concerns, limited survey trawls, sea bird diet observations, 
gut contents from ocean caught Chinook salmon, and anecdotal reports from the fishing community all point to 2020 having 
an anchovy dominated forage base off California’s Central Coast. TDC continues to afflict CV salmon stocks and we will 
continue our surveillance of BY2020 eggs and progeny from other CV populations.  Our work to-date has revealed 
prophylactically treating female winter run Chinook salmon with thiamine resulted in significant improvements to egg 
thiamine concentration and survival of progeny of this endangered species.  Baseline levels of egg thiamine in un-treated 
winter run were low, resulting in 50% of their fry expressing TDC symptoms.  Our work has generated significant insights 
and necessary data needed to quantify impacts to naturally spawning populations, which remains the greatest data gap relevant 
for conservation, water project operations, and harvest management. Our rapid scientific inquiry into this new stressor has 
resulted in actionable science to support salmon hatchery management and assess population-level impacts. 
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Changing Ocean Conditions, Growth, and Saltwater Age at Maturity in Steelhead from the Situk 
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Alaska is one of the last strongholds for abundant populations of steelhead (anadromous Oncorhynchus 
mykiss) free of hatchery influence, yet steelhead are poorly studied in Alaska compared to Pacific 
salmon. The Situk River in southeast Alaska, USA, supports a robust population of steelhead that is 
monitored annually by the Alaska Department of Fish and Game. Here, we describe the analysis of scales 
collected from 525 individual steelhead over 11 years (1999–2012), with focus on the relationships 
among sex, freshwater growth, saltwater growth, and the probability of maturing after two versus three 
years at sea. Saltwater age was validated with information from ten adult steelhead that were tagged upon 
return to the Situk River and recaptured during a subsequent repeat-spawning migration. Total freshwater 
growth had a sex-specific relationship with age at maturity: females that were larger as smolts tended to 
mature earlier, while the opposite was true for males. As is typical for this species, males tended to 
mature earlier overall. Earlier maturation was associated with faster growth during the first year at sea, 
but slower growth during the second year at sea, in both sexes. Despite these relationships, sex and 
growth variables explained < 10% of the variation in saltwater age at maturity. In contrast, incorporating 
a cohort effect (year of ocean entry) boosted the amount of explained variation in age at maturity to 
nearly 50%, suggesting that interannual conditions have a strong influence on maturation in this 
population of steelhead. We observed no temporal trend in the cohort effect on age at maturity, but we 
did find that, after accounting for the effects of growth, earlier maturation was associated with saltwater 
rearing during years with elevated values of the North Pacific Gyre Oscillation (NPGO), reflecting the 
influence of ocean conditions on age at maturity beyond simple effects on growth. 



The Third NPAFC-IYS Workshop (2021) on Linkages between Pacific Salmon Production and Environmental Change 

 

48 
 

Pre-recorded Oral-20 

 
Topic 1. Salmon Production in Changing Environments (1-5. Linkages between salmon production and 
climate/ocean changes) or 1-1 would be also okay. 
 
Salmon Conservation under Changing Conditions and with Freshwater-marine Carryover Effects  
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Conservation management of endangered salmon in regulated rivers requires an understanding of drivers 
across life stages in freshwater and marine systems. Clear relationships between survival and 
environmental drivers can be difficult to identify with certainty, especially while environmental 
conditions are shifting regionally and through time. In this talk, we show a series of papers that consider: 
1) what shifting relationships among environmental indices can mean for predicting salmon responses, 
and 2) the relative contributions of environmental, biological and anthropogenic drivers on smolt-to-adult 
survival. We first show how correlations may be shifting in the last century across 42 freshwater, marine 
and climate indices in a study of 72 river sites where Chinook and coho salmon occur in western USA. 
We found changes in correlations across 10-year windows of timeseries likely influenced by climate 
phases and their direct influence on freshwater temperature and precipitation. We discuss how changes in 
correlations among environmental indices are important to consider in both a climate perspective that 
considers pre-conditioning of ocean habitats and a fish perspective that considers carryover effects across 
life stages. We then present results from an examination of smolt-to-adult survival across four life stages 
for ~400,000 individually tagged, wild, Chinook salmon from the Snake River (Pacific Northwest, USA; 
2001-2016). We identified the most important direct and carryover effects from over 20 relationships 
examined in a hierarchical Bayesian mark-recapture model. By analyzing the covariates in a unified 
model, we evaluated their relationships to survival within and across life stages in a common currency. 
The strongest marginal effect sizes indicated that marine conditions (especially a sea surface temperature 
index, SSTarc) had a strong negative relationship with ocean survival, yet juvenile fish length in the river 
had comparable but positive marginal effect sizes with ocean survival. Fish length and river temperature 
had important associations to river and ocean survival; and an index of dam powerhouse passage showed 
a negative but uncertain influence on ocean survival. As conditions in freshwater and marine 
environments continue to change, it is important to continue existing monitoring programs, to understand 
underlying mechanisms, and to not rely on correlations between environmental indices because they 
break down over time. The mechanisms will allow us to understand which relationships are relevant 
under certain climate phases and which mitigative strategies are likely to be robust under a changing 
climate.  
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Topic 1. Salmon Production in Changing Environments (1-5. Linkages between salmon production and 
climate/ocean changes) 
 
Juvenile Yukon River Chinook Salmon in a Warming Arctic 
 
James Murphy1*, Kathrine Howard2, Sabrina Garcia2, Jamal Moss1, Wesley Strasburger1, Fletcher Sewall1, and 
Elizabeth Lee2  
 
1Alaska Fisheries Science Center, National Marine Fisheries Service, 17109 Point Lena Loop Road, Juneau, AK 
99801 USA  
 
2Alaska Department of Fish and Game, 333 Raspberry Rd, Anchorage, AK, USA 
 
*(Email: jim.murphy@noaa.gov; Tel 1-907-789-6651) 
 
The impact of warming Arctic conditions on the juvenile life-history stage of Yukon River Chinook 
Salmon is reviewed with information from surface trawl surveys in the Northern Bering Sea (NBS). 
Although the survival of juveniles after the surface trawl surveys (September) is estimated to be low, 
averaging 5% or 7% depending on the stock of origin, it has been relatively stable. This highlights the 
importance of Arctic ecosystems (Yukon River and NBS) to the change in survival of Yukon River 
Chinook Salmon over time. Juvenile abundance of Yukon River Chinook Salmon has declined 
significantly with recent warming in the NBS and reached record low levels in 2019 along with record 
warm sea surface temperatures (SST). The increase in SST is altering juvenile migration patterns, 
maturation rates, and feeding intensities of Chinook Salmon in the NBS. The proportion of juvenile 
Chinook Salmon from non-Yukon River stocks has increased with SST and is believed to reflect 
increased dispersal of southern Bering Sea stocks into the NBS. The proportion of early maturing (age 3 
and age 4) Yukon River Chinook Salmon is significantly correlated with temperature and juvenile size; 
however, size is a better predictor of maturation than temperature. Stomach fullness (feeding intensity) of 
Chinook Salmon has declined with warming SST, and reached record low levels in 2019. Insufficient 
prey may have contributed to the reduction in both stomach fullness and condition of juvenile Chinook 
Salmon during 2019. Although the ecological processes contributing to the decline in abundance of 
juvenile Chinook Salmon from the Yukon River are still unclear, warming of Arctic ecosystems and its 
impact on the feeding ecology and availability of preferred prey of juvenile Chinook Salmon in the NBS 
may be important factors in their survival.  
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Topic 2. New Technologies/Integrated Information Systems for Salmon Research and Management (2-1. 
New technologies) 
 
Hokkaido-wide eDNA Monitoring for Sakhalin Taimen, Endangered Salmonid Species 
 
Hiroki Mizumoto* and Hitoshi Araki 
 
Research Faculty of Agriculture, Hokkaido University, Kita-9 Nishi-9 Kita-ku, Sapporo 060-8589, 
Hokkaido, Japan (*Email: hero-key@res.agr.hokudai.ac.jp; Tel: 81-11-706-2485) 
 
Sakhalin taimen (Parahucho perryi) is one of the largest anadromous salmonid fish species in the world. 
While they are known as a keystone species in the river ecosystems, they are currently listed as a 
critically endangered species on IUCN Red List due to human disturbances followed by their habitat 
degradations (e.g., deforestation and river reconstruction). For now, their distribution and population 
status are unclear because it is very difficult to find the organisms in natural environments just like many 
other endangered species. In this study, we estimated their current distribution and biomass 
simultaneously in Hokkaido, Japan, using a quantitative PCR approach on environmental DNA (eDNA) 
collected from 120 river systems. Our results suggest that distribution of Sakhalin taimen is quite limited 
and that they are at the brink of extinction for most of the river systems in Hokkaido. Furthermore, we 
found low levels of human disturbances especially on river connectivity in two major river systems 
where high eDNA concentrations of Sakhalin taimen were detected. These results suggest that eDNA 
methods play an important role in understanding the population status of endangered species in aquatic 
environments, and that river consecutiveness is critical for sustainability of this long-living, precious 
anadromous fish species. 
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Topic 2. New Technologies/Integrated Information Systems for Salmon Research and Management (2-1. 
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SNP-based Discrimination of Russian Pink Salmon Stocks: Resolution of the Approach and 
Possible Ways to Increase It 
 
Daria A. Zelenina1*, Alexei A. Sergeev1, and Valeri A. Soshnina1,2 

 

1Russian Federal Research Institute of Fisheries and Oceanography (VNIRO), V. Krasnoselskaya str., 17, 
Moscow, 107140 Russia (*Email: zelenina@vniro.ru; Tel: 7-903-550-1006) 
 
2Moscow State University, Biological Faculty, Leninskiye Gory, 1/12, Moscow, 119234 Russia 
 
Among all Pacific salmon, pink salmon is the most difficult to predict species. At the same time, since 
this species is one of the key ones for Russian fisheries, the accuracy of predicting the abundance of adult 
fish returns is extremely important. One of the most important tasks is to assess the ratio of pink salmon 
stocks in different regions of the Sea of Okhotsk basin during the fishing season. The use of neutral 
genetic markers did not allow us to identify regional stocks with sufficient accuracy. So we decided to try 
non-neutral markers, as they are known to often improve population differentiation. 
In this study, we used a set of SNP markers that provided the strongest differentiation among regional 
pink salmon stocks, presumably originating from the Beringian refugium. The DNA sequences for the 
primer design were obtained in the Seeb lab at the University of Washington and courtesy of Jim Seeb. 
The application of outlier SNP markers allowed us to reliably identify the most northern (Western 
Kamchatka and the Magadan coast) and the most southern (Iturup Island) regional stocks in both even 
and odd lines of pink salmon. However, there is a need to search for some "regional" markers that would 
help us to accurately differentiate intermediate stocks. 
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Anadromous Fish Monitoring Using Environmental DNA 
 
Hitoshi Araki*, Hiroki Mizumoto, Tetsu Yatsuyanagi, and Takashi Kanbe  
 
Research Faculty of Agriculture, Hokkaido University, Kita-9 Nishi-9 Kita-ku, Sapporo 060-8589, Hokkaido, 
Japan (*Email: arakih@res.agr.hokudai.ac.jp; Tel: 81-11-706-3893)  
 
Environmental DNA (eDNA) is increasingly recognized as a new molecular tool for detecting organisms 
in the wild. However, the time scale of this method to be adopted for monitoring anadromous fish species 
is yet to be clearly defined. In this study, we conducted eDNA surveys on anadromous species including 
chum salmon (Oncorhynchus keta) at various environments and time scales, trying to monitor their 
spatio-temporal distribution throughout their life cycles. We found that both quantitative PCR and 
pseudo-quantitative metabarcoding approaches on eDNA showed reasonably consistent results, 
indicating that this approach can capture the characteristics of anadromous fish migrations from river to 
marine system (and vice versa) without catching them. We discuss how to optimize the time scale and 
quality of eDNA surveys so that the method can be applied to more extensive surveys for various 
purposes, including monitoring salmonid fish migration and management.  
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The Identification of Individuals with Hatchery and Natural Origin in a Mixed Sample of Amur 
River Chum Salmon by Otolith Microchemistry  
 
Pavel B. Mikheev*1,2, Denis V. Kotsyuk1, Elena V. Podorozhnik1, Vsevolod N. Koshelev1, Tatiana A. Sheina2, 
Alexey Yu. Puzik2 

 

 
1Khabarovsk branch of the Federal State Budget Scientific Institution “Russian Federal Research Institute of 
Fisheries and oceanography” (KhabarovskNIRO), 13a Amurskij bul'var, Khabarovsk, Russia, 680038  
2Perm State University (PSU), 15 Bukireva street, Perm, Russia 614990 (*Email: pmikheev@yandex.ru; Tel: 
+79091114308)  
 
Hatchery releases is an effective measure to maintain abundance of Pacific salmon stocks. The fall chum 
salmon of the Amur River is important for commercial fisheries and thus a key species used for hatchery 
releases: in 2010 - 2019 from 36 to 109 million of fall chum fry were released annually at the catchment. 
This work shows the results of application of microchemical analysis of otoliths for the identification of 
chemical markers specific to hatchery chum salmon fry at the Amur River basin, with their subsequent 
identification in otoliths of adult chum. The working hypothesis is the difference in the chemical 
composition of the marginal zone of otoliths of chum fry from hatcheries from those of fry of natural 
origin in terms of the concentration of the strontium isotope 88Sr. The hypothesis based on the influence 
of the chemical composition of food on the chemical composition of fish otoliths and the fact that at 
hatcheries chum juveniles are reared using feeds, the protein base of which consists of raw materials of 
marine origin rich in strontium, which allows using this element as a marker for juveniles of hatchery 
origin. 
The samples of juveniles and adults of Amur fall chum salmon collected at hatcheries, natural spawning 
tributaries and migratory routes were analyzed. Otoliths of chum fry with artificial origin were 
characterized by significantly higher values of 88Sr/43Ca ratio in comparison to fry of natural origin. 
Among chum adults from Anyuiskiy hatchery, majority of individuals characterized by higher ratio 
values, and thus can presumably be considered as fish of hatchery origin. Among adult chum captured in 
the main channel of Amur River, the proportion of individuals with high ratio values in the sample was 
lower. About a third of the fish sampled in 600 km from Amur mouth at the end of Sep were 
characterized by a marker value higher than the threshold value we accepted. The sampling of chum fry 
for baseline data collection as well as adult Amur chum sampling will be continued in the future for 
confirmation of the applicability of microchemical analysis of otoliths for the identification of individuals 
of hatchery and natural origin in a mixed sample of Amur fall chum salmon. 
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Reconstructing Reproductive Life Histories Using Hormones Recovered from Incrementally 
Grown Structures in Fish  
 
Dion Oxman*, Patrick Charapata, Kevin W. McNeel, and Stephen Trumble 
 
Alaska Department of Fish and Game P.O. Box 115526 Juneau, Alaska 99811-5526 (*Email: 
dion.oxman@alaska.gov; Tel: 1-907-465-3499) 
 
Assessments of spawning stock biomass are crucial for setting catch limits for commercial fisheries. 
These measures rely on abundance estimates, size or age of maturity, and spawning frequency. Such key 
life history parameters are estimated through seasonal sampling surveys, but the timing of such surveys 
can influence the capture and detection of spawning individuals and only provides a snapshot of a 
population’s reproductive capacity. Additionally, variability in the age an individual enters the spawning 
population and spawning frequency can be difficult to assess using traditional methods. To accurately 
estimate spawning stock biomass and reproductive potential, methods need to be developed that can 
recreate reproductive histories and assess spawning frequency. Chemical and elemental signatures 
present in biological structures that retain seasonal growth patterns (e.g., otoliths, scales, fins, and bones) 
have been used to reconstruct migration events and seasonal growth patterns. We hypothesized that such 
structures could also provide a record of an individual’s reproductive history by retaining hormones. To 
test this hypothesis, we extracted reproductive hormones from annual growth increments in bones from 
yelloweye rockfish (Sebastes ruberrimus), Chinook salmon (Oncorhynchus tshawytscha), blue tuna 
(Thunnus orientalis), and black rockfish (Sebastes melanops). Results indicated hormone concentrations 
varied temporally within each structure and the resulting profiles allowed us to make inferences 
regarding the age of sexual maturity, reproductive frequency, and senescence. Such reconstructions of 
individual reproductive histories can be used to test assumptions of age at maturity and spawning 
frequency and examine how environmental factors may influence reproductive potential. Work is 
currently being conducted to refine methods and validate assumptions regarding data interpretation by 
comparing maturity status (via gonad development) and blood hormone levels to those recovered from 
hard parts. This new method could help fishery managers assess current paradigms and assumptions 
associated with age-based management and stock assessment for a variety of long-lived species and do so 
within the context of environmental change. 
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Synthesizing Escapement, Harvest, and Genetic Data to Reconstruct Annual Southern BC Chum 
Salmon Abundance 
 
Lingbo Li1, Pieter Van Will2, and Brittany Jenewein1* 
 

1Annacis Island Office, Fisheries and Oceans Canada, Unit 3-100 Annacis Parkway, Delta, B.C., V3M 6A2, 
Canada (*Email: brittany.jenewein@dfo-mpo.gc.ca; Tel: 1-236-886-1452) 
2Campbell River Office, Fisheries and Oceans Canada, 940 Alder St, Campbell River, B.C. V9W 2P8, Canada  
 
Sustainable fisheries management is challenging when multiple salmon populations with varying 
productivity are harvested together. To reduce management errors that may cause conservation harm to 
depleted populations and loss of economic revenue from abundant populations, salmon managers must 
understand historical and prospective abundance trends. To fulfill management obligations outlined 
within the Pacific Salmon Treaty, we developed a Bayesian forward run reconstruction model of 10 
co-migrating Chum Salmon (Oncorhynchus keta) stock groups returning to spawn in southern British 
Columbia, Canada, and Puget Sound, Washington, USA. The model synthesizes catch, escapement, and 
genetic stock identification data to estimate total run size at the North end of Vancouver Island and 
exploitation rate by stock group from 2008 to 2018. As a Bayesian model, it also incorporates priors on 
arrival timing and run size of each stock group that were developed from existing data and expert 
knowledge. Preliminary sensitivity analyses reveal that outputs are sensitive to changes in the key 
migration parameters, especially the diversion rate. The model results will inform fisheries management 
to ensure sustainable harvests for stock groups of varying productivity. Future improvements may 
include incorporating environmental variables such as sea surface temperature and a forward-projecting 
component to better inform pre-season fishery planning.  
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Topic 3. (Special Session) Resilience for Salmon and People: Lessons from the Great East Japan 
Earthquake 2011 (3-1. Restoration of ecosystem and human society in the coastal zone systems) 
 
First Salmon Ceremony in the Southernmost Area of Salmon Habitat 
 
Kenji Yoshimura* and Ryusuke Kodani  
 
Atmosphere and Ocean Research Institute, The University of Tokyo 1-19-8 Akahama, Kamihei, Iwate, 028-1102, 
Japan (*Email: k-yoshimura@aori.u-tokyo.ac.jp; Tel: +81-193-42-5611) 
 
Salmon is one of the most important food sources for the people throughout the North Pacific Rim, and 
their catch is important to people’s lives. Even in Japan, located in the southernmost part of the area 
having rivers with salmon run, salmon is considered an important resource, especially in northern Japan. 
For people along the North Pacific coast, salmon is not only a food resource, but its fishing and use are 
also deeply related to its cultural identity. 
Salmon run up in the river at the beginning of their migratory season are recognized to have particular 
importance for people surviving the season and year. When the first salmon was caught in that year, the 
“First Salmon Ceremony” was held, praying for a good catch in that year. The geographic range where 
the first salmon ceremony was conducted extends to the southern tip of the east and west side of the 
Pacific Rim. 
This report introduces the first salmon ceremony in the Tsugaruishi River, one of the rivers with the 
highest salmon catch in the Tohoku region. Then we discuss characteristics of the first salmon ceremony 
in the Tohoku region.  
At present, salmon run in the Tohoku region is observed from August. However, the first salmon 
ceremony takes place at noon on November 30 in the Tsugaruishi River. This lag indicates the ecological 
characteristics of salmon in the Tohoku region, which in the past began to run back at this time. The 
Tsugaruishi River’s first salmon ceremony is one of the most distinctive and rare salmon ceremonies in 
Japan. It is especially characteristic to use straw dolls. The straw doll is said to imitate a local hero and is 
also thought to be in the form of a fish itself. The meaning of this straw doll has been variously discussed 
in cultural anthropology and folklore. The first salmon ceremony on the Tsugaruishi River does not 
completed on November 30 alone. Several ceremonies are sequentially being conducted. For example, on 
the morning of the ceremonial day, participants go around multiple points in the area to worship. A few 
days before the ceremonial day, there is other ceremony in which participants visit a shrine on the summit 
of a nearby mountain and sprinkled salmon eggs and sperm over a shrine. Interestingly, the latter cannot 
be observed in other salmon ceremony in Japan. 
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Earthquake 2011 (3-2. Research for retrieval and sustainable management of salmon populations) 
 
Downstream Migration and Spatial Distribution of Juvenile Chum Salmon in the Otsuchi Bay, the 
Sanriku Coast of Iwate, Japan 
 
Tatsuya Kawakami*, Yuki Minegishi, and Jun Aoyama 
 
Faculty of Fisheries Sciences, Hokkaido University, 3-1-1 Minato-cho, Hakodate, Hokkaido 041-8611 Japan 
(*Email: kawakami@fish.hokudai.ac.jp) 
 
The Sanriku coast, the southernmost region in the species range of chum salmon (Oncorhynchus keta), is 
characterized by many small bays with relatively short and steep rivers, with complex oceanographic 
structure owing to the mixing of multiple currents. Because such topography may provide a particular 
environment for salmon reproduction, spatial and temporal distribution of juvenile chum salmon is 
essential information to clarify their early-life survival in this region. Therefore, we investigated 
downstream migration of chum salmon juveniles in two rivers (the Koduchi River, and the Otsuchi 
River) and their spatial distribution in the adjacent Otsuchi bay, on the Sanriku coast in 2017. Juveniles 
captured in the Koduchi River were supposed to be solely originated from natural spawning because 
hatchery release has been suspended in this river after the Great East Japan Earthquake. These wild 
juveniles were captured from late January to middle May with peaks in late March and early April. Their 
fork length (FL) was 41 ± 3 mm (mean ± standard deviation), suggesting that they migrated downstream 
shortly after emergence. Migrating juveniles were collected in the Otsuchi River during a similar period 
with the Koduchi River, with peaks associating with hatchery release after March and they showed a 
much wider range of FL (37–79 mm) than that in the Koduchi River. These facts suggested that wild and 
hatchery originated juveniles were found in the Otsuchi River. In the Otsuchi bay, juveniles were sampled 
using three different fishing gears, each having different coverage of distance from the shore (surf zone 
net for nearshore, boat seine for offshore, beach seine for middle). The juveniles collected by the surf 
zone net was the smallest (38 ± 3 mm), almost identical to the FL of wild juvenile at downstream 
migration, while significantly larger juvenile was collected by the beach seine (47 ± 5 mm), and the boat 
seine (52 ± 4 mm) (Steel–Dwass test, p <0.05). Additional analysis of otolith Sr:Ca ratio of juveniles 
collected in the bay in 2018 indicated that the mean otolith growth after sea entry differs among fishing 
gears (2 ± 4 µm in surf zone net, 34 ± 20 µm in beach seine, 20 ± 16 µm in boat seine). These results 
suggested that the primary habitat of the juvenile gradually shifted from the littoral zone to offshore with 
growth. This study described a migration pattern of chum salmon juveniles on the Sanriku coast. 
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Spawning Environment of Chum Salmon in the Coastal Rivers on the Pacific Side of Northern 
Japan  
 
Satoki Oba*, Tatsuya Kawakami, Yuki Minegishi, and Jun Aoyama  
 
International Coastal Research Center, Atmosphere and Ocean Research Institute, The University of Tokyo, Japan 
(*Email: satokioba@aori.u-tokyo.ac.jp) 
 
The environment in the spawning redds such as water temperature and dissolved oxygen is important for 
the growth and survival of chum salmon (Oncorhynchus keta) during their early life stages. Although 
most chum salmon returning to Japanese water are considered to be hatchery-origin, the Great East Japan 
Earthquake occurred in 2011 severely damaged the salmon hatcheries along the Pacific side of northern 
Japan (the Sanriku Coast). In some rivers, the stock enhancement program has been stopped since then, 
and natural spawning of chum salmon in this area has attracted much attention. However, the spawning 
habitat of chum salmon on the Sanriku Coast, the southern edge of the specific range, has never been 
studied. We investigated, as the first step, the spawning environment of chum salmon in the Kozuchi and 
Unozumai Rivers, Iwate, Japan, in December 2019. Water temperature, dissolved oxygen (DO) and 
electric conductivity (EC) in the riverbed and surface water were measured at 18 and 10 spawning redds 
and 12 and 10 non-spawning sites in the former and latter rivers, respectively. Vertical hydraulic gradient 
(VHG) was simultaneously measured with a piezometer. Gravel size was visually described following the 
Udden-Wentworth grain size scale. In the Kozuchi River, the median water temperature, DO, EC and 
VHG in the spawning redds were 10.0 (9.1-11.1)°C, 8.0 (5.8-10.1) mg/L, 81.9 (71.6-98.1) mS/cm, 0.018 
(0.006-0.020), while those in the Unozumai River were 10.5 (7.4-11.6)°C, 7.6 (6.7-10.2) mg/L, 91.5 
(85.4-96.9) mS/cm, 0.013 (0.000-0.028), respectively. The spawning redds were placed predominantly in 
the 2-60 mm size gravel beds in both rivers. No statistically significant difference was observed in the 
environmental parameters for the spawning redds between the two rivers. At the non-spawning sites, 
however, the temperatures of the surface water (8.8°C) and the riverbeds (10.7°C) in the Kozuchi River 
were significantly higher than the Unozumai River (5.5°C for surface and 8.5°C for the riverbeds), while 
DO in the riverbeds in the Kozuchi River (5.2 mg/L) was significantly lower than the Unozumai River 
(7.4 mg/L). This suggested that the upwelling of the groundwater was more abundant in the Kozuchi 
River than the Unozumai River. The spawning redds of chum salmon were found to be placed in the 
different upwelling conditions between the two rivers. This study suggested that water temperature is a 
primary factor for spawning site selection of chum salmon and the upwelling of the groundwater is likely 
less important when the suitable temperature is provided. 
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Farmed Non-native Coho Salmon in Sanriku Region Affected by Recent Intense Natural Disasters 
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Coho salmon farming is economically important in the Sanriku region which has recently experienced 
unprecedented natural disasters including the Great East Japan Earthquake (GEJE), and direct impacts of 
large typhoons. And each time, there was a large number of farmed coho salmon escaped. There was 
concern about the impact of coho salmon escapement on the ecosystem, in particular, on the native masu 
salmon which has similar ecological traits. Coho salmon can be hybridized with masu salmon, and 
hybridization has previously been suggested to damage native salmonid populations. At the time of the 
GEJE in March 2011, farmed adult (1+) coho salmon (five million individuals) escaped into the ocean off 
the Sanriku region. In the fall of the same year, they migrated upstream in rivers of the Sanriku region. 
Some mature individuals were confirmed, and spawning behavior was also observed. Therefore, we 
investigated for the presence of hybrids by genetic analysis in samples of sea-run masu salmon caught on 
the coast. As a result, hybrids were not found. And there has been no decrease in the number of masu 
salmon caught on the Sanriku coast since GEJE. In August 2016, due to flooding caused by a typhoon, 
farmed juvenile (0+) coho salmon (500 thousand individuals) escaped into a river in the Sanriku region. 
A monitoring survey of population density in the river revealed that coho salmon decreased over time. 
Since smolts were observed, one of the reasons for the decrease seems to be due to the seaward 
migration, but no individuals have returned to spawn in the river. Therefore, escaped coho salmon may be 
unable to establish viable populations in the Sanriku region. Given these findings, the genetic impact of 
coho salmon on masu salmon may be not serious. However, the impact of the escaped coho salmon on 
the ecosystem is still unclear. Invasive salmonids change the population and community structure of 
native species, including salmonids, not only through hybridization but also through predation and 
interspecific competition. In the Sanriku region, therefore it is necessary to take measures to prevent 
escape of farmed coho salmon. 
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Temporal and Spatial Variations in Body Size of Chum Salmon in Hokkaido 
 
Fumi Yamaguchi*, Taro Nakamura, and Hirokazu Urabe 
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Decline in body size of Hokkaido chum salmon has been reported over the last century and 
density-dependent growth has been suggested as a possible cause. Coastal catches have been decreasing 
in recent years, however, trends and geographic variation of this decline in Hokkaido is uncertain. Using 
datasets from 18 Hokkaido rivers, we conducted regression and clustering analyses to clarify trends in 
age, sex-specific fork length, body weight, and condition factor from 2000–2018. Declines in body 
weight and condition factor were detected among 17 rivers and fork length was found to have decreased 
among 16 rivers. The average weight loss of age-3 (i.e., 0.2 in the European system), age-4 and age-5 
were 0.029kg, 0.036kg, and 0.052kg per year, respectively. The average loss of condition factor was 
0.058–0.060 per year in salmon aged 3–5. Using Ward’s hierarchical cluster analysis, indefinite groups 
were constructed among rivers according to temporal variation of each fork length and body weight. 
Compared to length and weight, variation in condition factor uncovered two more distinct groups in both 
sexes, southern and northern groups. The southern group contained populations in the Northeastern and 
Northwestern Pacific Ocean areas and the Nishibetsu River. The northern group consisted of the Okhotsk 
sea area, Northern Japan sea area, and the Shibetsu River. These might imply the homing migration route 
or prey environment vary among populations in Hokkaido. 

mailto:yamaguchi-fumi@hro.or.jp


The Third NPAFC-IYS Workshop (2021) on Linkages between Pacific Salmon Production and Environmental Change 

 

61 
 

E-Poster-2 

 
Topic 1. Salmon Production in Changing Environments (1-1. Status and trends of key salmon 
populations and their environments) 
 
The Ocean is a Stable Rearing Environment for Sockeye Salmon 
  
Skip McKinnell*, Will Duguid2 Cameron Freshwater3, Jacob Weil2, and Francis Juanes2 
 
Salmoforsk International Environmental Consulting, Victoria, Canada V8S 2G2 (*Email: 
mckinnell@shaw.ca: Tel: 250-884-6826) 

2Dept. of Biology, University of Victoria, PO Box 1700, Station CSC, Victoria, BC, Canada, V8W 2Y2 

3Fisheries and Oceans Canada, Pacific Biological Station, 3190 Hammond Bay Rd, Nanaimo, BC, 
Canada, V9T 6N7 
 
The Nass River has the greatest diversity of sockeye salmon age classes in British Columbia. Both 
sea-type and lake-type sockeye salmon are common, but this study focuses on the four most abundant 
lake-types (42 52 53 63). Most fry rear in a single nursery lake (Meziadin) which produces both one and 
two year old smolts. Slower growing fry have a higher probability of rearing for a second year in fresh 
water, becoming larger smolts than the initially faster growing one-year smolts. Unremarkably, the 
number of years in the ocean has the dominant influence on average adult size. Remarkably, however, 
smolt age has the subdominant influence. Comparing adults with the same number of years feeding at sea 
but different smolt age, the slower growing older smolts become larger adults than the younger faster 
growing smolts. The small size advantage of being an older smolt is sustained throughout its life at sea to 
adulthood, every year. The fitness advantage to a slow growing smolt is larger size at maturity which 
translates into greater numbers of eggs in females and a competitive advantage on the spawning grounds 
in males. Although size at maturity due to freshwater age accounts for about 10% of final weight (♀ 
=200 g and ♂=300 g), the pattern of larger mean size at maturity of X3 over X2 is repeated each year as 
though deterministic. Such regularity (predictability) suggests that the oceanic rearing environment is 
relatively stable. Indeed, there is interannual variability in average annual weight at age due to the 
environment (±175 g or ~5% of final weight) but it has less effect than spending an extra year in fresh 
water. 
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Study of patterns of current diversity formation and the history of sockeye salmon populations is the key 
point in insight into extremely complex population structure common to pacific salmon. Phylogeography 
and reconstruction of paleo expansion of the species against the backdrop of the global climatic 
oscillations in the Late Pleistocene allow us to clarify the origin of sockeye salmon populations and 
intrapopulation units diversification. MtDNA is still the marker of choice for estimation of population 
diversity and genetic divergence, as well as for study of the pathways of species expansion and 
reconstruction of the sequence of colonization of new areas in the postglacial periods. The subject of the 
work was an analysis of the contemporary phylogeography of the species and consideration of possible 
scenarios for sockeye salmon microevolution in the Asian part of the range using the mtDNA control 
region (D-loop) sequencing. 
In total, 172 specimens of sockeye salmon from different rivers of the mainland part of the range and 
from the Kuril Islands were analyzed. Primers HN20 and Tpro2 were used for amplification and 
sequencing of 1025 bp mtDNA fragment (the entire D-loop). After multiple alignments of the sequences 
16 polymorphic sites were identified. Most of substitutions were detected in the first and the last quarters 
of the D-loop sequence, as well as one insertion was registered in the poly-T region. Two mass 
haplotypes (hap_1 and hap_2) were revealed; they presented in most samples and differed by 3 
substitutions and 2 indels. 
All sequence variants were distributed between two haplogroups, the central haplotypes of them were 
hap_1 and hap_2. The diversity of the haplogroup 2 was higher, but its main fraction fell on samples 
from the middle course of Kamchatka River, which seems to be a refugium during the Late Pleistocene. 
Presence of both haplogroups in most populations in approximately equal proportions indicates that the 
entire Asian part of the sockeye salmon range was a zone of secondary contact during rapid postglacial 
expansion event in the Asian part of the range. The time at which the event took place was dated by the 
Bayesian skyline plot analysis indicated rapid abundance growth in the Early Holocene (starting up 
≈11700 years ago). We hypothesize that hap_1 has more ancient origin associated with the American 
continent or Beringia, and the hap_2 was formed somewhat later, apparently in Asia, because almost all 
transitional forms between the haplogroups were found in Iturup Island populations. 
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Homeward migration of anadromous Pacific salmon (Genus Oncorhynchus) depends on the imprinted 
memory of odorants from their natal streams at the seaward migration. Previous studies suggested the 
importance of synaptic plasticity in olfactory imprinting of salmon. Soluble N-ethylmaleimide-sensitive 
factor attachment protein receptor (SNARE) complex mediates vesicle exocytosis in pre-synapse, and 
regulates synaptic transmission and neuroplasticity. In this study, three SNARE component genes; snap25, 
stx1, and vamp2 were isolated from the olfactory center (olfactory bulb [OB] and telencephalon) of both 
chum salmon (O. keta) and pink salmon (O. gorbuscha) and analyzed the expressions in the olfactory 
nervous system during migrations of these salmons by molecular biological techniques. Molecular 
characterization of cDNA encoding salmon SNAP-25 indicated that alternative splicing produced both 
salmon SNAP-25a and SNAP-25b as known in high vertebrate species. Two syntaxin isoforms; stx1a and 
stx1b were isolated as single copy gene according to expectation. Salmon VAMP2 (110 residues) was 
shorter than that of high vertebrate species (115 residues) while SNARE motif was highly conserved. By 
quantitative-PCR of chum salmon olfactory organ (olfactory rosette: OR) and brain, these SNAREs 
mRNA (SNAREs) showed similar expression patterns among each brain region as known in the other 
vertebrate species. In chum salmon, SNAREs in OR expressed significantly more highly during seaward 
migration than that in adult life stages including feeding and homeward migration. High SNAREs 
expressions in juvenile OR reflected the development of olfactory nervous system. SNAREs in OB 
(primarily olfactory center) showed highest expression levels during seaward migration of juvenile. 
snap25b and stx1s in telencephalon increased not only during seaward period but also in homeward adult. 
vamp2 in telencephalon decreased in adult as in OB. In pink salmon, SNAREs expression levels remained 
higher in OR during homeward migration and decreased along with upriver migration. These profiles 
were related with more adjacent of two periods; development of olfactory nervous system and homeward 
migration, than in chum salmon. In pink salmon, developmental period of olfactory nervous system and 
sexual maturation are adjacent each other, therefore SNAREs levels remained higher during early phase of 
homeward migration. In OB, snap25b increased while stx1b and vamp2 decreased. In telencephalon, 
snap25s and stx1a increased in adult while vamp2 decreased as in chum salmon. In summary, it was 
suggested that salmon SNAREs expressions reflected neuronal development in peripheral OR, possibly 
according with primarily projection into OB, and related with higher neural regulation in telencephalon.  
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Japanese pink salmon returns (coastal catch + in-river catch) in 2019 declined to around the 1980 level. 
The pink returns for odd-numbered years have continuously decreased from 15 million fish in 2007 to 1.1 
million fish in 2019. Even-numbered years of pink during 2004 and 2018 have been relatively stable, 
with ranging from 5.6 million to 8.9 million fish, except for 2012 and 2014 when only 2.2 million and 1.6 
million pink returned respectively. Dominancy between odd- and even-numbered-year stocks of Japanese 
pink salmon has shifted from odd- to even-numbered years in 2016 onward. In 2020, although the year 
corresponded to the dominant even-year for the recent Japanese pink salmon, the adult returns were 4.7 
million fish, which was lower than those in the precedent two even-years. Chum salmon returns in Japan 
have decreased since mid-2000s, and further declined to the early 1980s’ levels during 2016 and 2018. 
The low returns of chum salmon during 2016 and 2018 were thought to be due to poor survival of 2012 
and 2013 brood years. When those brood years started the early ocean life in 2013 and 2014, sea surface 
temperatures (SSTs) changed from lower anomalies in March-May to higher anomalies in June-July, 
which probably impacted juvenile survival of those brood years. In 2019, chum returns were poorer than 
those in 2016–2018. The 2019 chum returns in Japan were about 66% of the returns in 2018, and in 
particular, those in Honshu Pacific region were only 28% as compared with those in 2018. The adult 
returns of age-4 chum salmon were extremely low in 2019 (i.e., 2015 brood year) along the Pacific coasts 
from Hokkaido to Honshu. In 2020, chum fishery is still continued in Honshu at the time of December, 
but adult returns are lower than those in 2019 along the Pacific coasts from Hokkaido to Honshu, 
indicating that the poor adult returns on the Pacific side are getting worse year to year. When the 2015 
brood-year chum juveniles resided in Japanese coastal waters in the spring-early summer of 2016, coastal 
SSTs around Japan showed warmer anomalies, which differed from the oceanographic conditions in 2013 
and 2014. On the other hand, the intensity of the Oyashio (cold current) was remarkably weak and that of 
the Tsushima Current (warm current) strong during spring and early summer of 2016. Such anomalous 
intensity of both currents has more or less continued from 2016 to the present. A previous study reported 
that return rates of chum salmon in the Iwate prefecture, the most productive area for chum salmon 
among prefectures in the Honshu Pacific region, are linked with the ratio of warm to cold water 
frequency in coastal waters during coastal residency of chum juveniles (May and June). Such relative 
intensity of the warm and cold currents may have affected the survival of the 2015 brood-year chum 
salmon.  
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For Japanese juvenile chum salmon, mortality during coastal residency and northward migration to the 
Sea of Okhotsk are considered to heavily affect their stock size. Although poor adult returns by the 2012 
and 2013 brood years were widely observed along Japanese coasts, mechanisms underlying the mortality 
have not been elucidated. We collected scales from age-4 homing chum salmon captured in 
September–November in 2005–2017 (i.e., the 2001–2013 brood years) at three rivers in the Okhotsk and 
Nemuro regions, northern/eastern Hokkaido. Scale analyses revealed that growth rates during coastal 
residency for the 2012 and 2013 brood years were significantly lower than those in other brood years, 
which was common to the three rivers. Coastal surface temperature in the target regions in May 2013 (i.e., 
main ocean-entry timing for the 2012 brood year) was much colder than that in other years and was 
assumed to be caused by terrestrial cold climate. While in May 2014, coastal temperature was the second 
coldest followed by 2013 and was highly influenced also by offshore cold current. These suggest that 
such extremely cold coastal conditions triggered by different source origins resulted in lower growth rates 
during coastal residency and therefore their poor adult returns. 
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Chum salmon (Oncorhynchus keta) is an important commercial fish in Hokkaido in northeastern Japan, 
and its resources are maintained by stock enhancement programs. Japanese chum salmon likely 
experience substantial mortality during entering the sea and reaching the Sea of Okhotsk; however, little 
is known about the causes of this early mortality. Following their release, juvenile chum salmon spend 
days to weeks in the river, but the nutritional condition of individuals decreases during this time. In the 
salmon of eastern Hokkaido, the adult return rate tends to be low when coastal water temperatures are 
low during the early stages of marine life. Thus, sea surface temperature (SST) has been implicated as 
being a key factor in determining the distribution and outmigration of chum salmon along the coast. 
When juvenile chum salmon experience low water temperatures (≤5°C) in coastal waters, their 
movements are restricted and their growth ceases. However, it is unclear whether the nutritional 
conditions of freshwater and SST interact to affect the growth and swimming ability of juvenile chum 
salmon. The purpose of this study is to elucidate the combined effects of freshwater feeding status and 
seawater temperature on the swimming ability of juvenile chum salmon under laboratory conditions. 
Juveniles weighing approximately 1.0 g were categorized into the following three groups and reared in 
freshwater for 5 days at different feeding rates: 0% (fasted), 1%, and 3% per body weight. Fish from each 
group were then acclimated for 3 days to seawater at low (5°C), medium (7°C), or high (10°C) 
temperatures, creating nine treatments. Fish were then reared for an additional 5 days in which they were 
fed to satiation. Critical swimming speed (Ucrit) was evaluated using a stamina tunnel as an indicator of 
swimming ability. Ucrit was affected by both fasting experience in freshwater and seawater temperatures. 
Particularly, Ucrit was lower in the freshwater-fasted group than in fed groups (1% and 3%, respectively) 
at medium seawater temperature. At 5°C and 10°C, no difference was observed in the Ucrit of juvenile 
salmon in terms of feeding state during freshwater rearing. However, the Ucrit of juvenile salmon were 
significantly lower at sea temperatures of 5°C than at 10°C. Thus, the findings of the present study show 
that low seawater temperatures reduce the swimming ability of juvenile chum salmon and relatively 
short-term freshwater fasting affects the swimming ability within a certain temperature range. 
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Adult returns of Japanese chum salmon have showed a trend of decreasing since a peak (76 million fish) 
in 2004, being less than 32 million fish in recent years (2016–2020). The Okhotsk Sea is the most 
important feeding area for juvenile chum salmon of Asian origins including all regional populations in 
Japan. A long-term trawl survey has been conducted by Russian research vessels to estimate the 
abundance of juvenile chum and pink salmon in the Okhotsk Sea during fall season (mainly October). 
The occurrence of otolith-marked juvenile chum salmon caught in the Okhotsk Sea during the fall of 
2011–2017 was reported by Bugaev et al. (2019; NPAFC Technical Report 15: 46–48). The abundance 
of juvenile chum salmon in the Okhotsk Sea was variable: 164–553 million fish in 2011–2017. A total of 
9,870 juvenile chum salmon were examined for otolith marks, and 347 otolith-marked fish released from 
hatcheries in Japan were detected with the NPAFC otolith mark release database (http://npafc.taglab.org). 
In the present study, we estimated the abundance of hatchery-released juvenile chum salmon in the 
Okhotsk Sea by using the otolith mark release database and recovery data reported by Bugaev et al. 
(2019). The estimated abundance of Japanese hatchery juvenile chum salmon was 122 million fish in 
2011 (early survival rate of brood year 2010 fish from release sites to the Okhotsk Sea: 6.8%) and 247 
million fish in 2012 (early survival rate of brood year 2011 fish: 15.0%), while it decreased to 21–66 
million fish in 2013–2017 (early survival rate of brood year 2012–2016: 1.2–4.4%). This trend of 
abundance of juvenile chum salmon in the Okhotsk Sea has coincided with a recent decrease of adult 
returns in Japan. The year class strength of Japanese chum salmon may be determined in the early ocean 
life period during their migration destined for the Okhotsk Sea. 
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Recent researches showed that Japanese juvenile chum salmon (Oncorhynchus keta) migrated to the 
Okhotsk Sea until summer. The Oyashio current and the Tsushima warm current flows southwestward 
and northward off Hokkaido in the Pacific and in the Japan Sea side, respectively. Although the 
migration direction of Japanese juvenile chum salmon is along with the current in the Japan Sea side, but 
opposite in the Pacific side. Factors affecting the migration of juvenile chum salmon in the coast of the 
Pacific and the Japan Sea of Hokkaido were investigated using a juvenile salmon migration model. The 
juvenile salmon migration model was driven by the active swimming and the passive transport by the 
currents which were hydrodynamic model's outputs. In the migration model, the direction of active 
swimming of juveniles was assumed to be opposite to the current and the swimming speed was 8 X body 
length. Starting positions of the migration were in the east coast of the Pacific near Kushiro and Ishikari 
Bay along the Japan Sea coast of Hokkaido. Integrated period of the model was from March to August. 
The migrations in each case of 0.5cm interval of the initial body length from 1cm to 10 cm were 
examined. The juvenile salmon migration model reproduced the actual distribution of juvenile chum 
salmon in the coast of Hokkaido. In the Pacific coast, juvenile chum salmon reached the Okhotsk Sea due 
to the active swimming. The numbers which reached the Okhotsk Sea was body size dependence. Thus, 
the active swimming of juvenile chum salmon from the Pacific coast is an important factor to reach the 
Okhotsk Sea. On the other hand, juvenile salmon from the Japan Sea coast reached the Okhotsk Sea 
without body size dependence due to the passive transport of the current. These results suggest that large 
juvenile chum salmon is advantageous for their successful migration in the Pacific side especially. 
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The early ocean life of juvenile chum salmon is a critical period in their life history. Their growth and 
survival in coastal waters are mainly considered to be affected by physical factors such as temperature, 
salinity and ocean current. Furthermore, since prey environment such as zooplankton abundance and 
species composition regulate juvenile growth, it is necessary to understand the states of zooplankton 
which juvenile chum salmon utilize. In order to evaluate prey environment during the early ocean life of 
juvenile chum salmon, we investigated temporal variation in zooplankton community structure from 
spring to early summer in two coastal areas of Hokkaido, northern Japan: off Atsuta on the Japan Sea 
coast and off Konbumori on the eastern Pacific coast. Zooplankton samples were collected with vertical 
tows by a NORPAC net (0.45 m mouth diameter, 0.33 mm mesh) once every 10 days between March and 
July in 2006–2018. In the both areas, zooplankton commonly consisted of copepods, amphipods, 
euphausiids, cladocerans, hydrozoans, appendicularians, chaetognaths and meroplanktonic larvae 
(organisms that are planktonic for only a part of their life cycle) such as gastropods, polychaetes, 
decapods and echinoderms. From a result of cluster analysis based on population density of zooplankton, 
community structure in the Atsuta area was classified into three groups: euphausiids and hydrozoans 
dominated-group, cold-water species of copepods dominated-group, and warm-water species of copepods 
dominated-group. On the other hand, community structure in the Konbumori area was classified into two 
groups: cold-water species of copepods and euphausiids dominated-group, and warm-water species of 
copepods and cladocerans dominated-group. Zooplankton community structure in the both areas 
generally varied from cold-water species in spring to warm-water species in early summer, as season 
progressed. However, warm-water species tended to predominate from early spring in recent years. The 
earlier predominance of warm-water species with small body size might not necessarily be favorable for 
growth and survival of juvenile chum salmon mainly requiring large-sized prey in coastal areas. 
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This study aimed to evaluate the effect of high water temperature on histological changes in juv
enile chum salmon (Oncorhynchus keta) during early sea life to understand the survival metaboli
c activity of juvenile salmon to changing environments. Juvenile chum in the fresh water were a
cclimated to the sea water for 1 week and then exposed to different temperature experimental gr
oups (13, 16, 19 and 21℃) for 4 weeks to estimate of optimal rearing temperature on the high 
water temperature period. Several Significant internal tissues damage was observed in gill, liver a
nd kidney in response to high water temperature. Abnormal histological symptoms of liver and k
idney were identified in juvenile chum over 16℃. Furthermore, the result of the monitoring of f
ish pathogens and blood components is that the frequency of white blood cells such as lymphoc
ytes, which are responsible for bacterial immunity, is lowered.  
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Most juvenile chum salmon are thought to decrease in coastal waters following seaward migration. 
Feeding habits and growth rates are critical factors that could enhance our understanding of the survival 
of juvenile in coastal water. Although the Okhotsk region, eastern Hokkaido, has high salmon returns 
beyond ten million, the return is lower in the Nemuro region adjacent to Okhotsk. We analyzed the 
feeding habits and otolith microstructures between the two regions to investigate the survival 
mechanisms of juvenile chum salmon. Surveys was conducted from mid-May to late-June in 2018 and 
2019. Juvenile salmon were collected using a surface trawl net in Abashiri coast (Okhotsk region) and 
using a brail net in Shibetsu coast (Nemuro region). Juvenile salmon fed on relatively large offshore 
copepods and crustacean larvae in the Abashiri coast, while in the Shibetsu coast, small plankton such as 
gastropod and daphnia were the major foods of juvenile salmon. The fidings that the delta 13C value of 
juvenile salmon was lower in the Abashiri coast than in the Shibetsu also suggested that feeding habits 
were different between the two regions. Otolith microstructure analyses revealed that the growth rates of 
juvenile salmon in the coastal waters were high in the Abashiri coast. In addition, the numbers of otolith 
annuli after the sea entry check suggested that the juvenile salmon distributed along Shibetsu coast leave 
to offshore soon. The results indicate that differences in coastal environments between the two regions 
are reflected in feeding habits and growth rates of juvenile salmon.  
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Trace Elements in Cherry Salmon (Oncorhynchus masou) in the Southwestern Part of the Sea of 
Okhotsk  
 
Nadezhda K. Khristoforova, Anna V. Litvinenko*, Vasily Yu. Tsygankov, and Maxim V. Kovalchuk 
 
School of Natural Sciences, Far Eastern Federal University, Vladivostok 690091; Pacific Institute of 
Geography, Far Eastern Branch, Russian Academy of Sciences, Vladivostok 690041 (*Email: 
vesna271@rambler.ru; Tel: +7-924-439-09-01) 

The concentrations of trace elements Cu, Pb, Cd, Ni, Zn were determined in the smallest representative 
of Pacific salmon, the cherry salmon Oncorhynchus masou, which spawned to the southeast coast of 
Sakhalin, caught at the mouth of the Bahura River. It was found that in terms of the content of elements, 
two of which (Pb and Cd) are toxic, the cherry salmon meets the sanitary requirements of the Russian 
Federation. The mineral composition of the cherry salmon is compared with that of the organs and tissues 
of pink salmon, which also spawned in the area under consideration (the Firsovka River, Terpeniya Bay 
Sakhalin Island) accumulated in the cages of the Firsovka Salmon Fish Farm. It was revealed that growth 
and feeding are accompanied by the accumulation of elements such as Zn, Cu, and Ni, while the contents 
of Pb and Cd prevail in the Sea of Okhotsk pink salmon. The microelement composition that formed in 
the cherry salmon we caught more closely matches the terrigenous and anthropogenic impact for 1-2 
years of life in the river before the ramp into the sea and for 2–3 months of feeding with various 
organisms in the spawning river, in accordance with its ecological and biological features. Pink salmon, 
which walked in the Kuril waters of the northwestern part of the Pacific Ocean and twice passed through 
the impact geochemical zone (first when entering the ocean for wintering, then when migrating back to 
spawn from the ocean to the rivers of the Sea of Okhotsk), to a greater extent, receive the elements 
supplied to the environment by volcanism and upwelling. 
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Consequences of Variable Ocean Carrying Capacity and Biological Interactions among Pacific 
Salmon in the Changing Climate of the North Pacific Ocean 
 
Masahide Kaeriyama* 
 
Arctic Research Center, Hokkaido University, N21 W11, Kita-ku, Sapporo, Japan 001-0021 (*Email: 
salmon@fish.hokudai.ac.jp; Tel: +81-90-8370-9381) 
 
To understand how climate/ocean changes will affect future Pacific salmon production, I evaluated 
long-term sea surface temperature (SST), ocean carrying capacity and biological interactions among 
Pacific salmon species. SST increased 1.0 and 1.8 ºC over the past century in the North Pacific and Arctic 
oceans respectively and further increases are expected. Since the early 2000’s, the area of allowable 
growth temperature (AGT: 5–7 °C) for chum salmon during June in the Okhotsk Sea increased, while in 
summer (July–August) the area of optimum growth temperature (OGT:8–12 °C) decreased. Further east 
in the Bering Sea, the area of AGT in June and OGT in July increased markedly since the 1980s. To the 
south in the Gulf of Alaska, the area of OGT in summer decreased since the 1980s. These findings 
suggest that the Okhotsk and Bering seas will be favorable ecosystems for the future survival and 
productivity of chum salmon. The estimated carrying capacity of total sockeye, chum, and pink salmon 
increased from the late 1960s and was positively correlated with increasing SST in the Okhotsk and 
Bering seas. Carrying capacity was not correlated with climate indices such as Pacific Decadal 
Oscillation and Aleutian Low Pressure Index after the early 2000s, but was during the late 1920s and the 
late 1990s. Carbon and nitrogen stable isotope analysis demonstrated that Chinook salmon occupied the 
highest trophic level (4.3), followed by steelhead trout (4.1), sockeye and coho (3.9), and chum and pink 
salmon (3.5). The interspecific interaction among sockeye, chum and pink salmon based on the 
Lotka-Volterra equation indicated that pink salmon had the greatest, sockeye salmon were intermediate, 
and chum salmon had the least position, even though both pink and chum salmon had the lowest trophic 
level. In fact, chum salmon shifted their diet from copepods to gelatinous zooplankton in response to 
competition with pink salmon (Tadokoro et al. 1996).  
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Projected Impacts of the Global Warming on Chum Salmon Stock in Hokkaido, Japan 
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In recent years, there has been a rapidly growing worldwide concern regarding the impacts of the climate 
change on marine ecosystems. Japan Meteorological Agency (JMA) reported that the sea surface 
temperature (SST) around Hokkaido has been increasing by 1℃ per 100 years, and we are concerned 
about future impacts of increasing ocean temperature on the chum salmon stock in Hokkaido. Predicting 
the change of ocean temperature conditions, and knowledge about how the change of ocean conditions 
could affect chum salmon stock are essential for substantial measures to be taken. To date, JMA 
published a long-term (100 years later) forecast about a trend in variability of annual mean SST using a 
global climate model. However, there were issues with the forecast that were identified so that the 
prediction could be applied to salmon stock management in Hokkaido. The prediction is calculated as an 
annual mean SST, and the unit region for the prediction is larger than that used for chum salmon stock 
management. 
We estimated the future variability of daily SST in six sea areas around Hokkaido using the JMA model 
that was developed based on the IPCC assessment report in the present study; which almost correspond 
with the unit regions for chum salmon management. The estimations were targeted for 2016–2100 and 
were calculated based on four scenarios (RCP2.6, 4.5, 6.0, 8.0). Using these estimations, we analyzed the 
future variability of SST regime during the ocean entry period of chum salmon around Hokkaido coastal 
areas, and how the changes associated with climate change affect chum salmon stock in Hokkaido. 
We analyzed the variabilities between starting and ending dates, and the duration of 8–13℃ temperatures 
(recognized as preferable SST) for chum salmon juveniles in coastal areas of Hokkaido. Our analyses 
revealed that the starting and ending dates with the preferred SST were advanced and delayed in all six 
areas, respectively, but the variabilities of SST through the targeted period differed between areas and 
scenarios. The period of the preferred SST decreased in Okhotsk and Nemuro areas, and increased in 
northern and southern Japan sea, as well as western Pacific areas, and no obvious change was found in 
the eastern Pacific area. These results suggest that while future changes of SST during the spring season 
due to climate change might negatively impact the early survival of chum salmon juveniles in Okhotsk 
and Nemuro areas, and it might positively affect their survival in northern and southern Japan sea areas, 
as well as the western Pacific area. 
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Changes in the Spatial and Temporal Distribution of Salmon Habitat in the North Pacific  
 
Steve Lindley* and Nate Mantua  
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The distribution of Pacific salmon has frequently been described based on sea surface temperatures, and 
the productivity of Pacific salmon populations is often related to fluctuations of sea surface temperature 
at regional or basin scales. Recently (2014-2015, 2019-2020), the northeast Pacific has exhibited 
extensive, intense and prolonged warming, with SSTs 2-3 ºC above normal. Fisheries scientists and 
managers fear that these heatwaves would have severe negative effects on Pacific salmon, and that they 
might be a preview of how salmon and salmon fisheries would fare in a warmer future. The linkages 
between SST and salmon are not simple, however, involving not only direct effects of increased 
temperature on the salmon themselves, but bottom-up effects from changes in stratification and top-down 
effects from changes in predator distributions. In this paper, we examine how the heat wave affected 
mixed layer depths (from Argo floats), primary production (derived from satellite observations of ocean 
color), the distribution of SSTs (also from satellites) favorable for the various species of Pacific salmon, 
and the return rates of select salmon populations that experienced the heat waves. In the 2014-16 heat 
wave, the northeast Pacific and Bering Sea exhibited shallower, warmer mixed layers and slightly 
elevated primary production, while regions of the western Pacific showed a variety of patterns in these 
parameters. While there is much variation among salmon populations and species, generally, northeast 
Pacific salmon populations have experienced the strongest declines related to recent marine heat waves, 
while Bering Sea populations fared better. If recent marine heat waves a truly analogs for a future 
warmer ocean, we can expect broad, regional positive and negative changes in salmon productivity, 
depending on whether warming moves temperatures towards or away from thermal optima in marine 
nursery areas. 
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Evaluation of the Regional Composition of Mixed Samples of Chum Salmon on the Data of the 
Autumn Juvenile Salmon Trawl Survey in the Sea of Okhotsk 
 
Anastasia D. Denisenko, Оksana А. Pilganchuk, Nina Yu. Shpigalskaya, and Alexander V. Bugaev*  
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Petropavlovsk-Kamchatsky, 683600, Russia (*Email: ngc_2346@mail.ru; Tel: (4152) 41-27-01) 
 
Chum salmon is one of the most important commercial fishery objects in the Russian Federation Far 
East. Improving the accuracy of the annual forecasts of spawning runs in the reproduction regions 
requires data about the composition of the mixed aggregations in the course of feeding in the Sea of 
Okhotsk. Allele frequencies of eight microsatellite locuses (Ssa20.19, One101, Oke3, Oki1b, Oki23, 
Ogo2G, Oke11, Ots102) were used as molecular-genetic markers. Reference database of 25 adult chum 
salmon samples (1,176 individuals) from the major spawning regions of the Okhotsk Sea basin (in the 
exception of Japan archipelago) was used. Based on the genetic differentiation provided, the highest 
identification accuracy is for chum salmon from three southern regions, including the Amur river basin, 
Sakhalin Island and the Kurile Islands. As the likelihood of the regional identification for the northern 
stocks (Western Kamchatka, continental coast of the Sea of Okhotsk and Penzhina river) was relatively 
low, the stocks were united into one regional complex. Testing the reference database was carried out on 
four samples (191 individuals) from the mixed catches of juvenile fish for the period of the trawl survey 
in the Sea of Okhotsk in October of 2015. The data were collected in the area between 49º50' and 55º50' 
N. Based on the results of the identification, the representatives from the spawning sites of Western 
Kamchatka and continental coast of the Sea of Okhotsk dominate in the northern part of the research 
area, the fish from the Amur river basin were in less number, and only several examples were from 
Sakhalin and Kurile Islands. Southward from the 51ºN majority of the fish were from the spawning sites 
of Kurile Islands, the part of Sakhalin chum salmon was < 30%, and northern representation was in less 
number. 
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Sockeye salmon is one of the most valuable commercial species in Kamchatka. The species has 
sophisticated population-genetic structure, different ecological groups and seasonal morphs. The biggest 
lake-river system in the Asian part of sockeye salmon reproduction is the Basin of Kamchatka River. 
Research identify several differentiated groups in the structure of this complex population system, where 
local stocks spawning in the basins of the Elovka River and Azabachye Lake are the most principle in 
terms of abundance. According to the generally accepted insights, the part of sockeye salmon from the 
Elovka takes about a half, and in some years more than 60% of the total number of spawners in the 
Kamchatka River Basin. However, an abrupt reduction of the number of sockeye salmon spawning in this 
major tributary was observed in recent years. A likely reason of the situation may be overfishing, and the 
research was provided to check the composition of the catches of marine trap nets in Kamchatsky Gulf.  
There were seven mixed samples analyzed (336 individuals) from the catches from June 13 to August 17 
of 2018. The identification was carried out based on the reference database, including the allele 
frequencies of nine microsatellite locuses (Ots107, Oki1a, Oki1b, One104, One109, Oki6, OtsG68, 
Omm1037, Ots100) in 20 samples (988 individuals) from the major local stocks of sockeye salmon in the 
Kamchatka River Basin. 
The membership to the intrapopulation groups was evaluated with the accuracy about 80%, as next: 
«Azabachye Lake» (early and late morphs), «the Kamchatka River upper part» and «the Elovka River 
Basin». The results of the genetic identification confirmed, that in most examined samples from the 
mixed marine catches the part of the fish from the Elovka River Basin was not over 40%, what is agree 
with the data of the spawning stock abundance monitoring from the air. 
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Chum salmon is an important species for the commercial fishery in Hokkaido. Recently, coastal sea 
water temperatures in fall have been higher than the historic mean. In years when these temperatures are 
high, the timing of the chum salmon returning is delayed. To elucidate the influence of sea water 
temperature on the migration behavior of chum salmon in coastal waters, we visually counted the number 
of swimming chum salmon from the research vessel and captured individuals by angling in early 
September 2016 and in late August from 2017 to 2019. We released the captured fish into the Okhotsk 
Sea after tagging them with archival tags. After release, the tagged fish were recaptured in coastal waters 
or in rivers. In 2016, 2017, 2018, and 2019, 14, 14, 10, and 25 chum salmon were tagged and released, 
respectively, with 6, 2, 1, and 11 fish being recaptured. Many of the individuals tagged each year were 
recaptured along the Okhotsk coast of Hokkaido, except for those tagged in 2018. The tagged chum 
salmon released in late August showed clear diurnal vertical migration between the surface and a depth 
of 200 m, and later showed vertical movement in water shallower than 50 m. In contrast, those released 
in early September 2016 did not show clear diurnal patterns, and just moved vertically in water shallower 
than 50 m. The tagged individuals released in late August preferred to remain in the 2°C sea water at 200 
m depths during the daytime, while those released in early September preferred the 17°C sea water of the 
surface layer. At the release site, the sea surface temperature in late August 2017 and early September 
2016 was 16.8°C and 17.2°C, respectively, but the swimming behavior of the two groups of fish was 
different. We believe that one of the reasons for this is the difference in the maturity of the fish. 
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We developed the new tracking method for the radio-tagged salmons by using a drone.  Previously, 
radio-tagged fish released into rivers were tracked mainly by the hand-held receiver carried by human (or 
a boat). Hence, this process frequently encountered difficulties. In this study, we equipped specially 
designed antenna, portable receiver, and SD memory card on a drone (DJI, Phantom II). The drone can 
detect small radio-tag (Lotek, nano-tag series) which was set underwater (approx. 5 m) from the sky 
above 15 m. Before tracking, flight route and height were programed by use of Litchi (software). During 
flight, radio field intensity is written to a SD memory card, and results are forwarded to the operator 
through an onboard camera on real time base. By use of this system, we attempted to track five 
radio-tagged Biwa (O. masou subsp.) and five Taiwan (O. masou formosanus) salmon in small rivers. As 
a consequence, we could find four Biwa and five Taiwan salmon after the release. Maximum distance 
from the release area was 5 km in Biwa salmon. Although most of Taiwan salmon aggregated near the 
release area, our drone could discriminate individual tag code. 



The Third NPAFC-IYS Workshop (2021) on Linkages between Pacific Salmon Production and Environmental Change 

 

80 
 

E-Poster-21 
 
Topic 2. New Technologies/Integrated Information Systems for Salmon Research and Management (2-2. 
Integrated information management systems) 
 
Effective Hatchery Releases to Increase Adult Returns of Chum Salmon in the Ishikari River, 
Hokkaido, Japan 
 
Toshihiko Saito*, Kyuji Watanabe, Kentaro Honda, and Tomoki Sato 
 
Fisheries Resources Institute, Japan Fisheries Research and Education Agency (FRA), 2-2, Nakanoshima, 
Toyohira-ku, Sapporo, Hokkaido, 062-0922, Japan (*Email: saito_toshihiko47@fra.go.jp; Tel: +81-11-822-2341) 
 
Linkage between juvenile releases and adult returns of salmon with otolith thermal marks is expected to 
provide insights on causal effects of hatchery operations on variability in salmon survival. The Chitose 
Salmon Field Station (CSFS) is an only salmon hatchery in the Ishikari River system flowing to the Sea 
of Japan and produces about 30 million juvenile chum salmon every year. In the CSFS, otolith thermal 
marking began from the 1998 brood year, and almost all hatchery salmon have been marked from the 
2001 brood year upward. In this study, we compiled release information (e.g., release numbers, release 
days, and size at release) and its related water temperatures in the river and sea near the river mouth, and 
estimated numbers of adult returns to the river for each otolith mark of the 2001–2014 brood years. The 
dataset consisted of a total of 63 different otolith marks. Using the dataset, we investigated general 
additive models, in which adult return number summed up to age 5 fish was dependent variable and 
broodyear effect (as a categorical variable), release day, size at release, river temperature at release, and 
sea surface temperature (SST) at release were treated as explanatory variables, to examine effects of 
hatchery release operations on variability in adult returns. In the all models we constructed, the number 
of released juveniles was dealt with an offset variable, and the models with different explanatory 
variables were ranked with AIC. Since the variables of release day, river temperature, and SST were 
highly correlated each other (r = 0.81–0.86, n = 63, p <0.0001), the top four models with the lowest AIC 
scores showed very low ∆AICs ranging from 0 to 1.82. The model with the lowest AIC consisted of the 
broodyear effect, size at release, and SST at release as explanatory variables. Although the latter two 
variables were assumed to be included as smooth terms, the effect of size at release on the dependent 
variable was fitted as a linear function. In the second and third models, release day and river temperature 
were selected respectively, instead of the SST at release of the first model. The fourth model was 
consisted of the broodyear effect and size at release. From these models, adult returns could potentially 
increase by releasing juveniles with 0.73g ≤, at the time after 30 March, or when river temperature and 
SST reach 4.6ºC ≤ and 5.3ºC ≤, respectively. 
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Chum salmon (Oncorhynchus keta) are distributed widely in the subarctic North Pacific. The Japanese 
stock is maintained by artificial release procedures. Chum salmon, including the Japanese stock, provide 
important ecosystem services for humans that are related to provisioning, culture and support. These 
ecosystem services are supported by the supply of prey and habitat that the fish use. We regard the supply 
of prey and habitat as supporting services for salmon. We developed a procedure to estimate supporting 
services quantitatively, based on the prey biomass consumed by individual salmon, by coupling a 
bioenergetics model and a lower trophic level ecosystem model. Using this procedure, we estimated the 
prey biomass consumed by a cohort of Japanese chum salmon released in a single year. The 
phytoplankton biomass indirectly consumed by a cohort was also estimated and considered to be the 
primary production supporting the fish. The Japanese chum salmon cohort was estimated to consume ca. 
4.2–4.7 × 109 kg wet weight of zooplankton, of which more than half is eaten in the Bering Sea. The 
Japanese chum salmon cohort is supported by an estimated primary production of 2.0–2.2 × 109 kg C, 
which amounts to 0.17%–0.19% of primary production in the areas and periods through which the fish 
migrate. We also attempted to calculate the monetary value of supporting services for the growth of 
Japanese chum salmon. 
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Estimation of the port-fishing volume is helpful to establish an efficient management of fishery 
industries. The trend of the fish populations is often required in advance to allocate work further 
efficiently. In addition, the estimation can help other departments of the fish industry, such as the 
logistics department, in order to adjust the fish resources plausibly. The most important criterion for 
judging the value of aquatic products is freshness. Through reasonable prediction of the catch in the port, 
transportation of be arranged more efficiently and intelligently, and the freshness of the product can be 
effectively guaranteed. As a very popular computational scheme in artificial intelligence, various neural 
networks have been used to predict data with non-linear factors. The architectures and algorithms of the 
networks have been developed. Recurrent type networks have been used for the estimation for the 
time-series data. Such the networks are efficient to clarify the relational structure depending on the time 
series. In this paper, as one of the developed structured networks, the LSTM (long- and short-term 
memory) neural networks were introduced to predict the salmon catch at the fishing ports, Nemuro, 
Ochiishi, Habomai and Rausu, in the eastern region of Hokkaido from 2005 to 2015. A numerical 
demonstration was presented by an estimation of the port catch volume for a day using the data of 
previous 20 days. The prediction errors using the data of only 10 years were the less than about 14% of 
the maximum catch volumes for the ports. However, the more precise prediction should be required, and 
the results can be refined by more data, including the port work. Marine distributers will be able to plan 
the transportation of marine products utilizing the prediction of the port catch, and such the plan leads to 
maintain the freshness of the products in delivery. Our scheme for predicting the port catch volume is 
helpful to establish the smart fishery industry.   
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Stock abundance of masu salmon (Oncorhynchus masou) in Japan has been decreasing since 1980’s due 
to deterioration of river environment. As a countermeasure, attempts have been made to increase the 
stock abundance by discharging hatchery produced juveniles. In order to enhance the salmon stock, we 
developed the selection method of favorable juveniles. In this study, we attempted to select eggs obtained 
from a single female (①) or multiple females (②) by egg weight. In first experiment (①), we divided 
eggs into Large (≥ 0.085 g) and Small (< 0.080 g) group. In second experiment (②), we divided eggs into 
Large (≥ 0.090 g) and Small (≤ 0.079 g) group. These eggs were reared in tanks of same environment 
between February and October 2019 (①), and February 2018 and March 2019 (②). We sampled 5 or 10 
individuals from both groups every 2 weeks. Body weight (BW) was measured, and standard length (SL), 
parr mark number index, and parr mark area index were investigated based on photo images. Also, 
condition factor (CF) and growth rate were determined. In ① and ②, Large group tended to show high 
BW and SL values between February and May 2019 (①), and February and September 2018 (②). On the 
contrary, Small group tended to show high BW and SL values between June and October 2019 (①), and 
October 2018 and March 2019 (②). Furthermore, Large group tended to show high parr mark number 
and area index between July and October 2019 (①), and October 2018 and March 2019 (②). In 
conclusion, Large group had large body size during spring, while Small group had large body size during 
autumn through next spring. Thus, it is suggested that egg weight selection may select juveniles of 
different growth profiles, even when eggs of a single female or multiple females are used. 
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Topic 2. New Technologies/Integrated Information Systems for Salmon Research and Management (2-2. 
Integrated information management systems) 
 
Development of Age Determination Technique Part 1; Neural-network Based Prediction of Chum 
Salmon Age by the Scale Images  
 
Ryoma Hoson1*, Hiroyuki Shioya1, Yasuyuki Miyakoshi2, Fumi Yamaguchi3, and Hirokazu Urabe3  
 
1Muroran Institute of Technology, Division of Information Engineering, Muroran 27-1, Hokkaido, Japan (*Email: 
19043061@mmm.muroran-it.ac.jp; Tel: 81-143-5464)  
2Central Fisheries Research Institute, Hokkaido Research Organization, 238 Yoichi, Hokkaido, Japan  
3Salmon and Freshwater Fisheries Research Institute, Hokkaido Research Organization, 3-373 Kitakashiwagi, 
Eniwa, Japan   
 
Chum salmon fishery is one of the most important industries in Hokkaido. Thus, for the appropriate 
management of chum salmon stock, pre-season forecasting has been implemented using the sibling 
regression method. Recently, the number of chum salmon returning to Hokkaido has been decreasing, 
and requests for enhancing the accuracy of the pre-season forecast from managers and fishermen are 
increasing. Data on the age distribution of the returning fish, which are essential for sibling regression 
analysis, have been obtained via surveys conducted at the major rivers in Hokkaido. Accurate data 
regarding the age distribution and the number of returning fish, particularly 3- and 4-year old fish, are 
indispensable for the high-accuracy forecasting of salmon abundance using the sibling regression 
method. In our current system, scales for age determination are collected from 100 randomly chosen fish 
approximately every 10 days in 29 monitoring rivers. For enhancing the accuracy of pre-season 
prediction, increasing the sample sizes of 3- and 4-year old fish would be effective. However, the existing 
system for age determination relies on visual identification by researchers, which is substantially time- 
and cost-consuming, and prevents us from increasing the sample sizes. To address this limitation, we 
remarked the development of a time- and cost-saving method for the determination of the age of fish 
using image processing. A convolutional neural network is introduced for detecting the characteristics of 
the salmon scales. The scales are transformed into binary images. Each image is divided into small 
rectangles, and the divided images are used as the inputs of the networks. The proposed system consists 
of two networks. One network is used for determining the focus, which is the center zone of annuli on the 
scale. The output of the network corresponds to the binary labels of “focus” or “not.” Another network is 
used for determining whether the input image includes the annulus or not. The input data are the same as 
those for finding the focus. The output specifies the label of the annulus. The training data set concerning 
the annuli was composed by the staff of the fishery Institute. The age of the salmon using the scale is 
predicted by using both networks. Our method could be improved by increasing the number of scale 
samples collected from the returning salmons. The system for determining the age can be practically used 
for investigating returning salmon to increase the available salmon sample data.   
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Topic 2. New Technologies/Integrated Information Systems for Salmon Research and Management (2-2. 
Integrated information management systems) 
  
Development of Age Determination Technique Part 2; Image Processing for the Age Determination 
Based on the Annuli of Chum Salmon Scale  
 
Masanobu Yoshida1*, Hiroyuki Shioya1, Yasuyuki Miyakoshi2, Fumi Yamaguchi3, and Hirokazu Urabe3   
 
1Muroran Institute of Technology, Division of Information Engineering, Muroran 27-1, Hokkaido, Japan (*Email: 
19043075@mmm.muroran-it.ac.jp; Tel: 81-143-5464)  
2Central Fisheries Research Institute, Hokkaido Research Organization, 238 Yoichi, Hokkaido, Japan  
3Salmon and Freshwater Fisheries Research Institute, Hokkaido Research Organization, 3-373 Kitakashiwagi, 
Eniwa, Japan  
 
Chum salmon fishery is one of the most important industries in Hokkaido. For the appropriate 
management of chum salmon stock, pre-season forecasting has been implemented using the sibling 
regression method. Recently, the number of the chum salmon returning to Hokkaido has been decreasing, 
and requests for enhancing the accuracy of the pre-season forecast are increasing among managers and 
fishermen. The age distribution of the returning fish, which is essential for sibling regression analysis, 
has been surveyed at the major rivers in Hokkaido. Accurate data regarding the age distribution and the 
number of returning fish, particularly 3- and 4-year old fish, are indispensable for the high-accuracy 
forecasting of salmon abundance using the sibling regression method. In our current system, scales for 
age determination are collected from 100 randomly chosen fish approximately every 10 days in 29 
monitoring rivers. For enhancing the accuracy of pre-season prediction, increasing the sample sizes of 3- 
and 4-year old fish would be effective. However, the existing system for age determination relies on 
visual identification by researchers, which is substantially time- and cost-consuming, and prevents us 
from increasing the sample sizes. Therefore, in this study, we focus on the development of a time- and 
cost-saving process for the determination of the ages of fishes via an image-processing system. Then we 
introduced an image processing using the annuli on the scales for finding the focus, and for extracting the 
resting zone. The scales were transformed into binary images, and each image was divided into small 
rectangular images. The Fourier transforms of the divided images were obtained for investigating the 
perpendicular directions. The intersection of the directions corresponds to the focus of the scale. An 
estimated focus was obtained by the maximum intersections. The omni-directional line profiles were 
settled with passing through the focus on the scale image. The annuli-frequency of each line profile was 
obtained, and each annulus was estimated by the extraction of the local-high frequency. The age of the 
salmon with the scale was given by the count of the annuli. The proposed method for determining the age 
of salmon can be practically used for investigating the returning salmon to augment the available salmon 
sample data in Hokkaido.    
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Topic 2. New Technologies/Integrated Information Systems for Salmon Research and Management (2-2. 
Integrated information management systems) 
  
Challenges to Improve Hatchery Program of Chum Salmon in Kitami Region, Hokkaido  
 
Yasuyuki Miyakoshi  
 
Kitami Salmon Enhancement Program Association, 1-5-17 Shin-machi, Abashiri, Hokkaido, 093-0046, Japan 
(*Email: miyakoshi-yasuyuki@okhotsk-salmon.or.jp; Tel: 81-152-45-3101; Fax: 81-152-45-3102) 

In the eastern region on the Okhotsk side of Hokkaido, the Kitami Salmon Enhancement Program 
Association produces and releases a total of approximately 180 million chum salmon fry every year. In 
the last 10 years, 6,893-19,144 with a mean of 12,224 thousand chum salmon returned to this region; this 
quantity is equivalent to 33-48% of Hokkaido and 28-42% of Japan. The number of chum salmon 
returning to the Kitami region peaked in 2003-2013, but has declined significantly since 2014. In 
Hokkaido, non-profit private salmon enhancement program associations established in 9 regions, 
including the Kitami region, produce and release juvenile chum salmon. The operating expenses of the 
enhancement programs are collected from fishery production; however, the recent decline of chum 
salmon returning to Hokkaido has made the operation of the salmon enhancement associations even more 
difficult. The hatchery techniques for chum salmon in Japan have been intensively developed for several 
decades until the 2000s. To further raise the stocking effectiveness for chum salmon, the Kitami Salmon 
Enhancement Program Association continues to modify and improve the hatchery procedures, which are 
not stick to the conventional manual for hatchery program. Each procedure in the hatcheries is aimed to 
reduce stresses on fish at each stage (e.g., broodstock collection, incubation of alevin, fry rearing) and 
improve the fish quality, by considering the habitat environment and ecology of chum salmon in the wild. 
Factors causing the decline of chum salmon returns, including the coastal environments and quality of 
fish released, are considered and discussed. Recent researches suggest the possibility that reduction of 
fitness and genetic alterations by consecutive hatchery breeding is one of the causes of recent decrease of 
chum salmon returning to Japan. Because salmon fishery is one of the most important fisheries in the 
northern Japan, those involved in salmon fishery and stock enhancement are eager to know the causes of 
recent decline of chum salmon returns. Since the hatchery-based stock enhancement program has been 
and will be a major management method for chum salmon in Japan, they expect that researchers will 
show the effective and viable measures for hatchery improvement to realize the recovery of salmon 
returns and sustainable salmon fishery. 
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Topic 2. New Technologies/Integrated Information Systems for Salmon Research and Management (2-2. 
Integrated information management systems) 
  
Research and Development of a Supporting Information System for Optimization of Salmon 
Release Operation and Monitoring Coastal Environment in the Okhotsk  
Coast, Japan  
 
Sei-Ichi Saitoh*1,2, Yasuyuki Miyakoshi3, Fumihiro Takahashi4, Takafumi Hirata1, Masahide Kaeruyama1, 
Takashi Hosokawa5, and Tatsuya Miyoshi2,6 
 
1Arctic Research Center, Hokkaido University, N21W11, Kita-ku, Sapporo, 001-0021, Japan (*Email: 
ssaitoh@arc.hokudai.ac.jp; Tel: 81-11-706-9633) 
2NPO Digital Hokkaido Community 
3Kitami salmon Enhancement Program association  
4Green & Life Innovation, Inc.  
5Nitto Seimo Co., Ltd., 6: Docon, Co., Ltd. 
 
Chum salmon is one of important fishery resources in the North Pacific. Recently, under changing 
climate, return of chum salmon in Hokkaido tend to decrease. More precise juvenile release operation is 
required for adapting to changing climate including warming sea temperature with adjusting sea entry 
condition. It is necessary for this precise operation to predict coastal marine environment in the release 
period and monitor short-term change in coastal residency. We develop a supporting information system 
for optimization of salmon release operation in Okhotsk coast. This system was designed as web-based 
visualization to consist two service sites, monitoring of marine environment (marine site) and supporting 
of salmon release operation (release site). In marine site, we employ the output of eddy-resolving analysis 
model based on four-dimensional variational assimilation and a high (2-km) resolution forecast model 
covering Japanese coastal areas developed by Japan Meteorological Agency. We also use GCOM-C 
satellite SGLI data, sea surface temperature (SST) and chlorophyll-a, with 250m spatial resolution 
operated by JAXA. In release site, there are two functions, one is SST prediction function and the other is 
salmon release simulation function. In SST prediction page, we obtain three months prediction SST using 
autoregressive model developed by using long term Satellite SST data sets. In salmon release simulation 
page, when we input number of release operation, date, release fork length, and number of release 
salmon, we obtain mean fork length, which is one of index of survival/return rate, in the period of 
offshoring from coastal residency. We will start to use the prototype system this salmon release season in 
spring 2021.  
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Topic 3. (Special Session) Resilience for Salmon and People: Lessons from the Great East Japan 
Earthquake 2011 (3-2. Research for retrieval and sustainable management of salmon populations) 
 
Effects of Environment and Physiological Status on Homing Behavior of Chum Salmon in Otsuchi 
Bay along the Sanriku Ria-coast 
 
Shigenori Nobata*, Takashi Kitagawa, Kiyoshi Tanaka, Nobuhiko Sato, Katsufumi Sato, Yoshio Takei, and Susumu 
Hyodo 
 
Atmosphere and Ocean Research Institute, The University of Tokyo 1-19-8 Akahama, Kamihei, Iwate, 028-1102, 
Japan (*Email: nobata@aori.u-tokyo.ac.jp; Tel: +81-193-42-5611) 
 
Chum salmon Oncorhynchus keta that return to the Sanriku region, northern Japan, spawn at short distant 
(1 to 2 km) upstream from river mouths. Most of hatcheries and natural spawning sites damaged 
tremendously by the tsunami on March 11, 2011 when fry migrate downstream in rivers. In order to 
evaluate the effects of physical environment in bays and physiological status on homing behavior, we 
evaluated the movements of homing salmon in Otsuchi Bay where three short natal rivers flow. Homing 
salmon was tagged with an acoustic transmitter and released to the bay. 
Migration route was influenced by spreading of river water in the inner bay. Water from the three rivers 
circulates in a counterclockwise direction in the inner bay, flowing eastwardly along the southern coast. 
Homing salmon migrated into the inner bay via the southerly route and then accessed to rivers as they 
trace river water flow. Therefore, homing salmon entered straightforwardly the Unosumai River that flow 
to the south area of the bay. On the other hand, river entry to the Otsuchi/Koduchi River that flow to the 
north area was not straightforwardly, because a large number of salmon temporally strayed the Unosumai 
River on a way of the southerly route. These results suggest that recovery works from the disaster, such 
as construction of a water gate, may have effects on spreading of river water and homing behavior in the 
bay. 
Timing of river entry was influenced by physiological status. Maturity of homing salmon was evaluated 
using the plasma concentration of 17α, 20β-dihydroxy-4-prognen-3-one (DHP), an indicator of complete 
maturation. Completely matured fish (high DHP) entered the rivers soon after the release. In contrast, 
pre-matured fish (low DHP) entered more than one week after the release, which look to wait for 
complete maturation with holding in the inner bay. Indeed, homing salmon captured near the river mouth 
were completely matured almost without exception, and they spawn and die within about one week after 
river entry. The inner bay is about an ultimate destination of their homing journey for the Sanriku salmon; 
therefore, they hold in the inner bay until the brink of spawning, probably to avoid low temperature of the 
river water. 
We show behavioral data obtained from 2013 to 2018 in this presentation and hope that our continuous 
studies contribute to persistent conservation and utilization of chum salmon under environmental changes 
brought by global warming, recurrent disasters and so on. 
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Topic 3. (Special Session) Resilience for Salmon and People: Lessons from the Great East Japan 
Earthquake 2011 (3-2. Research for retrieval and sustainable management of salmon populations) 
 
The Utilization of Cold-water Zooplankton as Prey for Chum Salmon Fry in Yamada Bay, Iwate, 
Pacific Coast of Northern Japan 
 
Yuichiro Yamada1*, Kei Sasaki2, Kodai Yamane3, Miwa Yatsuya2, Yuichi Shimizu4, Yoshitomo Nagakura2, Tadahide 
Kurokawa5, and Hideki Nikaido2 

 
1School of Marine Biosciences, Kitasato University, Sagamihara, 252-0373, Japan (*Email: 
yyamada@kitasato-u.ac.jp; Tel: +81-42-778-8309) 
2Tohoku National Fisheries Research Institute, Miyako, 027-0097, Japan 
3Iwate Prefectural Agriculture, Forestry and Fisheries Department, Morioka, 020-8570, Japan 
4Iwate Fisheries Technology Center, Kamaishi, 026-0001, Japan 
5Hokkaido National Fisheries Research Institute, Kushiro, 085-0802, Japan 
 
After the migration into the sea from the river, chum salmon fry stays in the coastal area during spring to 
early summer, subsequently migrate to the northern North Pacific Ocean. The availability of prey 
organisms in this early marine period is one of the most important factors affecting growth and survival 
of salmon fry. The aim of this study was to better understand the quality and quantity of available food 
resources and the feeding habits of salmon fry in nearshore waters. We examined stomach contents of 
salmon fry and the zooplankton community structure of the water column during salmon fry’s coastal 
residence period (April and May) over four years (2013 to 2016) in Yamada Bay, a coastal embayment of 
the Pacific Ocean in northern Japan. The mean water temperatures during study period were low in 2014 
and 2013 (6.7 and 8.3°C, respectively), and high in 2016 and 2015 (11.1 and 9.4°C, respectively). In 
particular, the water temperature was extremely high in 2016 throughout the study period (min; 9.2°C, 
max; 14.5°C). Neocalanus plumchrus (copepod) and Themisto japonica (amphipod), typical cold-water 
zooplankton dominated the stomach contents of chum fry (except for 2016), however, they were not 
necessarily the most dominant in the water column, suggesting that chum fry selectively preyed upon 
these cold-water zooplankters. In 2016, zooplankton communities in the water column were mostly 
dominated by cnidarians and decapod larvae, and chum fry preyed primarily on decapod larvae. 
Condition factor, as an indicator of somatic nutritional status for chum fry were higher in cold-water 
years than those of warm-water years. Because these two cold-water zooplankton species are typically 
abundant in the Oyashio Current, the magnitude of Oyashio inflow into the coastal area may affect prey 
availability for chum salmon fry and their nutritional status. The adult return rate that spent the fry period 
during this study varied from 0.6 to 0.9% between 2016 and 2018, however, extremely low (0.2%) in 
2019. Most of the adult returning to 2019 spent their coastal residence period in 2016 when cold water 
zooplanktons were very low. These results suggest that the food availability during coastal retention 
period affects the survival rate of salmon fry and is one of the important factors influencing the return 
rate of adult salmon. 
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Topic 3. (Special Session) Resilience for Salmon and People: Lessons from the Great East Japan 
Earthquake 2011 (3-2. Research for retrieval and sustainable management of salmon populations) 
 
Fine-scale Genetic Population Structure of Chum Salmon in the Iwate Coast, Northern Japan 
 
Shino Kitamura1*, Tomoaki Goto1, Hideharu Tsukagoshi1, Yu-ichi Shimizu2, Fumihisa Takahashi3, and Syuiti Abe1 
 
1Sanriku Fisheries Research Center, Iwate University, Iwate, Japan (*Email: dmbgttrlvscn@hotmail.co.jp) 
2Iwate Fisheries Technology Center, Iwate, Japan 
3Tohoku National Fisheries Research Institute, Japan Fisheries Research and Education Agency, Iwate, Japan 
 
Chum salmon catch has been decreasing for nearly two decades in the coast of Iwate Prefecture or the 
Sanriku-region, northern Japan. For their conservation and fisheries management, Sanriku chum salmon 
returned to the Tsugaruishi River (TGI, predominantly late-run) and Akka River (AKA, predominantly 
early-run) were examined for the temporal fine-scale genetic population structure using fish collected 
through the entire homing season, with 14 polymorphic microsatellite DNA loci. More than 2,000 fish of 
22 collections (10 in TGI and 12 in AKA) were obtained from early September in 2018 to middle January 
in 2019, where fish were collected three times, early, middle and late, in each month. Early- and late-runs 
in the two rivers were tentatively defined for salmon homing from early September to late October and 
from early November to late January next year, respectively. The observed mean allelic richness (Ar) and 
the expected heterozygosities (He) were similar (Mann-Whitney test, p >0.05) in the early-run and the 
late-run without significant departure from Hardy-Weinberg equilibrium at all the examined loci in each 
collection. Pairwise FST estimates after Bonferroni corrections (p <0.01), AMOVA (p <0.001), and 
STRUCTURE with ΔK (K=2) suggested distinct genetic differentiation between early- and late-run 
collections in both TGI and AKA. Such differentiation between temporal homing groups also was 
favored by principal component analysis. The TGI and AKA neighbor-joining phylogenetic trees 
suggested a closer kinship between the neighboring than the distant collections in both early- and 
late-runs of both rivers. In addition, moderate gene flow estimated by pairwise FST was inferred within 
the early-run and the late-run groups of TGI and the late-run group of AKA. Such gene flow also was 
inferred between the late-run groups of TGI and AKA, probably reflecting past anthropogenic activity, 
such as artificial transplantation between rivers. The present findings suggest distinct temporal 
reproductive isolation between the early- and late-run of chum salmon in TGI and AKA, and a usefulness 
of temporal fine-scale analysis through the entire season for unraveling complex salmon homing 
dynamics. 
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Topic 3. (Special Session) Resilience for Salmon and People: Lessons from the Great East Japan 
Earthquake 2011 (3-2. Research for retrieval and sustainable management of salmon populations) 
 
Genetic Diversity and Population Structure of Masu Salmon (Oncorhynchus masou) in the 
Sanriku-region, Northern Japan 
 
Hideharu Tsukagoshi*, Sayuri Terui, and Syuiti Abe 

 

Sanriku Fisheries Research Center, Iwate University, Kamaishishi, Iwate 026-0001, Japan (*Email: 
tsuk@iwate-u.ac.jp) 
 
Although hatchery program of masu salmon (Oncorhynchus masou) has so far been conducted in the 
Sanriku region, northern Honshu, Japan, their commercial catch has decreased over years. Understanding 
of genetic characteristics in masu salmon is important for planning their conservation and fisheries 
resources management for sustainable use. We examined the genetic diversity and population structure of 
masu salmon in the Sanriku-region, using about 300 fishes of 10 samples from five rivers and five coastal 
areas in the Sanriku-region, with 12 novel polymorphic microsatellite DNA markers. Sanriku masu 
salmon were genetically differentiated from salmon in Hokkaido and the Sea of Japan coast, northern 
Honshu, with comparable genetic diversity. Cluster analysis with admixture model suggested two genetic 
groups of the Sanriku river masu samples, northern and southern groups. In addition, pairwise population 
FST estimates inferred genetic differentiation among river samples within the Sanriku-region. However, 
both cluster analysis and pairwise FST estimates inferred no genetic differentiation between coastal and 
river masu samples. These results suggest that masu populations examined herein are reproduced in the 
Sanriku-region, and that they contribute as the region’s fisheries resources, in spite of no current hatchery 
program of masu salmon in the Sanriku-region. The obtained findings also advise that hatchery 
enhancement of Sanriku masu salmon should be attempted taking into consideration of their genetic 
differentiation among rivers and region. 
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Topic 3. (Special Session) Resilience for Salmon and People: Lessons from the Great East Japan 
Earthquake 2011 (3-3. Risk managements and sustainability for the coastal zone systems and salmon 
production 
 
Radioactive Cesium in the North Pacific after the Fukushima Dai-ichi Nuclear Power Plant 
Accident 
 
Hideki Kaeriyama* 
 
National Research Institute of Fisheries Science, 2-12-4 Fukuura, Kanazawa, Yokohama, Kanagawa 236-8648, 
Japan (*Email: kaeriyama@affrc.go.jp; Tel: +81-45-788-7654) 
 
The Great East Japan Earthquake and consequent giant tsunami on 11 March 2011 resulted in serious 
damage to the Fukushima Dai-ichi Nuclear Power Plant (FNPP). Radioactive cesium (134Cs and 137Cs) 
were then released into the ocean through atmospheric deposition and as direct releases. Generally, 
cesium is a conservative element and mostly occurs in dissolved phase in the marine environment. This 
presentation will summarize how the radioactive cesium derived from Fukushima accident dispersed in 
the North Pacific. Based on the field samplings and simulation models, the total amount of radioactive 
cesium released into the ocean was already estimated. The spatial and temporal changes of radioactive 
cesium in the surface water in the North Pacific and adjacent seas such as Japan Sea, East China Sea, and 
Bering Sea are also well documented. In summary, the Fukushima-derived radioactive cesium rapidly 
spread eastward in the northern part of the Kuroshio Extension in the North Pacific and reached western 
coast of US and Canada three years after the Fukushima accident. The Fukushima-derived radioactive 
cesium also found in subsurface water in the subtropical region in the western North Pacific, which was 
intruded into the ocean interior as subtropical mode water. In the near coastal area off FNPP, the 
concentration of radioactive cesium had been considerably elevated soon after the accident. The 
concentration of radioactive cesium had been rapidly decreased during half of year in 2011 and slow but 
clear decreasing trends had been continued until 2015. The recent situation of radioactive cesium in near 
coastal area off FNPP will also presented based on our monitoring data. 
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