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North Pacific Anadromous Fish Commission

Newsletter

NPAFC Convened 29th Virtual Annual 
Meeting in May

The 29th Virtual Annual Meeting of the North 
Pacific Anadromous Fish Commission 
(NPAFC) was held from May 10–20, 2021, 

in a videoconferencing format. At the Annual 
Meeting, a Plenary Session and the Commission’s 
three standing committees—Enforcement, 
Scientific Research and Statistics, and Finance and 
Administration—were convened to discuss issues 
related to ocean salmon and steelhead in the 
North Pacific Ocean. The NPAFC is an international 
organization that promotes the conservation 
of Pacific salmon and steelhead in the NPAFC 
Convention Area, which is the high seas of the North 
Pacific Ocean north of 33°N latitude beyond the 200-
mile zones of coastal States. It serves as a venue 
for cooperation in and coordination of enforcement 
activities and scientific research. The vast majority 
of salmon catches in the North Pacific originate from 
NPAFC member countries, which are Canada, Japan, 
the Republic of Korea, the Russian Federation, and 
the United States.

This year, the Commission presented Dr. James 
Irvine (Pacific Biological Station, Fisheries and 
Oceans Canada) and Dr. Shigehiko Urawa (Salmon 
Research Department, Japan Fisheries Research 
and Education Agency) with the prestigious NPAFC 
Award for their significant contributions to the 
NPAFC for two decades. Both were selected for 
the 2021 Award in recognition of their sustained 
scientific contributions to the Commission’s mission 

Established to promote conservation of anadromous stocks in the North Pacific Ocean. 
Members are Canada, Japan, the Republic of Korea, the Russian Federation,  
and the United States of America.

Inside This Issue

to conserve and manage anadromous salmon and 
steelhead stocks in the North Pacific Ocean and 
its adjacent seas. Dr. Irvine and Dr. Urawa chaired 
the Working Group on Stock Assessment (WGSA) 
from 2003–2018 and the Science Sub-Committee 
(SSC) from 2012–2020, respectively, and provided 
skillful guidance and leadership for encouraging 
international cooperation for scientific research. For 
more information on their achievements, please see 
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NPAFC member countries presented their 
enforcement results and discussed their coordinated 
enforcement operations in 2020. These efforts 
covered significant portions of the NPAFC Convention 
Area with over 390 hours of aircraft patrols and 
more than 136 ship-days, to deter and interrupt 
illegal, unreported, and unregulated (IUU) fishing 
activity. These combined multilateral efforts 
identified multiple violations of Conservation and 
Management Measures established by regional 
fisheries management organizations in the North 
Pacific Ocean; however, none involved high-seas 
driftnet activity or illegal retention of salmon. For 
more information on these activities, please see the 
article on page 5.

At the Commission’s scientific meetings, leading 
salmon researchers from member countries 
reviewed commercial catch statistics compiled 

NPAFC Convened 2021 Virtual Annual Meeting in May 1
2021 NPAFC Award Recipients 3
All NPAFC Parties Ratified/Acceded to the FAO PSMA 5
CSRS Activities and Catch & Hatchery Release Statistics 7
Director's Desk: NPAFC Newsletter Celebrates Golden Jubilee 13
IYS Activities and Updates 22
The UN Decade of Ocean Science 26
Stock Assessment of Natural and Hatchery Origin Pink, Chum, and Sockeye Salmon in the NPO         30
Biological Monitoring of a Pink Salmon Population in Hokkaido, Japan 39
A Summary for the Third NPAFC-IYS Virtual Workshop         44 
Recipe: Slow-roasted Salmon 51
NPAFC New Officers and Representatives 53
Upcoming Events and Publications 56

Photo credit: © Gerry / Adobe Stock 



Page 2 | NPAFC Newsletter No. 50 |September 2021

from information provided by each of the member 
countries. The total preliminary salmon catch in 
2020 was 606.7 thousand metric tonnes (322.5 
million fish), which was the lowest recorded since 
1982, as indexed by aggregated commercial 
catches. Pink salmon constituted the majority of the 
total commercial catch (46% by weight) followed 
by chum (27%) and sockeye salmon (23%). Coho 
comprised 3% of the catch, while Chinook salmon, 
cherry salmon, and steelhead trout were each 
less than 1% of the catch by weight. For more 
information on these activities, please see the article 
on page 7.

The Commission discussed activities and plans 
for the International Year of the Salmon (IYS), 
which has research, outreach projects, and events 
continuing through 2022. Thus far, the IYS has 
been successful in achieving its overarching goal to 
build resilience of salmon and people in a changing 
world. The IYS has been busy moving forward with 
its planning of the 2022 IYS Pan-Pacific Winter High 
Seas Expedition, which was set to launch in winter 
2021 but was postponed due to the COVID-19 
pandemic. This Pan-Pacific expedition will be sending 
up to five vessels in late winter 2022 to cover the 
entire North Pacific Ocean (NPO) to continue to 
study the winter ecology of Pacific salmon. The 2022 
Expedition will build off the research from the 2019 
and 2020 International Gulf of Alaska Expeditions 
to better understand the mechanisms regulating 
salmon abundance in the NPO. It is an international 
effort between the five member countries of the 
NPAFC. For more information on IYS activities and 
updates, please see the article on page 22.

Due to the COVID-19 pandemic, the NPAFC 
hosted the Third NPAFC-IYS Virtual Workshop on 
Linkages between Pacific Salmon Production and 
Environmental Changes, on May 25–27, 2021. There 
were 89 presentations along with discussion and 
summary over the three-day live sessions of the 
workshop: 13 invited keynote presentations, 15 
live oral and 29 pre-recorded oral presentation, as 
well as 32 E-posters. For more information on the 
workshop, please see page 44.

At the meeting, outgoing officers including 
President Suam Kim (Korea), Vice President Doug 
Mecum (USA), and three committee Chairpersons, 
Brad Wattie (Canada), Masa-aki Fukuwaka (Japan), 
and Vladimir Belyaev (Russia) were thanked for 
their dedicated service to NPAFC. At the end of 
the Annual Meeting, the Commission announced 
the incoming officers and representatives for two-
year terms: President Doug Mecum (USA), Vice 
President Vladimir Belyaev (Russia), and committee 
Chairpersons, Takumi Fukuda (Japan; Committee on 
Enforcement), Ju Kyoung Kim (Korea; Committee 
on Scientific Research and Statistics), and John 
Holmes (Canada; Committee on Finance and 
Administration). For more information on these new 
Officers and Representatives, please see page 53.

The 2021 Virtual NPAFC Annual Meeting closed 
with an invitation from Japan to the Parties to attend 
the 2022 Annual Meeting on May 16–20, 2022 in 
Hakodate, Japan.

(Flashback to 2011) Former NPAFC Officers, Chairpersons, and Representatives from NPAFC member countries at the 19th Annual 
Meeting of the North Pacific Anadromous Fish Commission (NPAFC) in Nanaimo, BC, Canada, on October 23, 2011. Photo credit: 
NPAFC Secretariat 
(Front row, left to right) Young Gi Park (Korea), Nancy Davis (former Deputy Director, NPAFC), Michael Pearson (Canada), James 
Balsiger (former NPAFC President, USA), Vladimir Belyaev (former NPAFC Vice-President, Russia), Junichiro Okamoto (Japan), Doug 
Mecum (USA), Jin Yeong Kim (former Chairperson of CSRS, Korea); (Back row, left to right) Jae Min Baek (Korea), Mark Saunders 
(Canada), Dick Beamish (Canada), Alexey Monakhov (Russia), Roland Maw (USA), Katsuma Hanafusa (Japan), Vladimir Fedorenko 
(former Executive Director, NPAFC), Valery Chiklinenkov (Russia), Gary Smith (USA), Gerry Kristianson (former Chairperson of F&A, 
Canada), Shingo Kurohagi (Japan), Jun Imamura (former Chairperson of ENFO, Japan), and Jeongseok Park (Korea)
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NPAFC Award

2021 NPAFC Award Recipients

Dr. James Irvine and Dr. Shigehiko Urawa received the 2021 North Pacific Anadromous Fish Commission 
Award at the Commission’s 2021 Virtual Annual Meeting. Dr. Irvine is a research scientist from Pacific 
Biological Station, Fisheries and Oceans Canada (DFO), Nanaimo, BC, Canada. Dr. Urawa has just 

retired from the Salmon Research Department, Fisheries Resources Institute, Japan Fisheries Research and 
Education Agency, Sapporo, Japan, but continues to be involved in NPAFC as a guest scientist.

Both were selected for the 2021 Award in recognition of their sustained scientific contributions to the 
Commission’s mission to conserve and manage anadromous salmon and steelhead stocks in the North Pacific 
Ocean and its adjacent seas. Dr. Irvine and Dr. Urawa chaired the Working Group on Stock Assessment 
(WGSA) from 2003–2018 and the Science Sub-Committee (SSC) from 2012–2020, respectively, and 
provided skillful guidance and leadership for encouraging international cooperation for scientific research.

Dr. Irvine and Dr. Urawa contributed to the memorial book for the 25th NPAFC Anniversary “The Ocean 
Ecology of Pacific Salmon and Trout” which was published by the American Fisheries Society in 2018: Dr. 
Irvine was an author of Pacific Salmon Stock Assessment and Dr. Urawa was a lead author of a chapter on 
Ocean Ecology of Chum Salmon.

Dr. James Irvine is well-known nationally and 
internationally as an authority on Pacific salmon and the 
factors controlling their production, both in Canada and 
throughout the North Pacific Ocean. For two decades, Dr. Irvine 
has provided extensive leadership to the NPAFC as Chair of the 
Working Group on Stock Assessment (WGSA) from 2003–2018, 
where he oversaw activities of salmon scientists from Japan, 
Korea, Canada, Russia, and the United States in the assembly 
and interpretation of salmon marine catch and hatchery release 
data and he led the process to make these data publicly 
available through the NPAFC website. Dr. Irvine has authored or 
co-authored approximately 270 scientific publications, of which 
about 80 are peer-reviewed. His leadership also resulted in a 
joint NPAFC-North Pacific Marine Science Organization (PICES) 
Study Group (2009–2014) where he was the driving force 
behind the drafting, completion, and ratification of the 2014 
NPAFC-PICES Framework for Enhanced Scientific Cooperation. 
This framework formalized partnerships between these leading 
international research bodies resulting in collaborative research 
and activities. 

Dr. Irvine stated, “It is a real honor to be recognized with 
the 2021 North Pacific Anadromous Fish Commission Award. 
Thanks to my Canadian colleagues for nominating me, and the 
Award Selection Committee for choosing me for this prestigious 
award, along with my friend and colleague Hiko Urawa. My 

interactions with the international scientific community, and in particular those with NPAFC have been 
among the most gratifying aspects of my career. I know that we have had a positive impact on the 
conservation of salmon in the North Pacific Ocean. Although I retire this summer, I will be applying for 
an emeritus position with Fisheries and Oceans Canada and plan to remain involved with domestic and 
international fisheries research for some time to come.”
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Established in 2011, the NPAFC Award is given to recognize an individual or group whose sustained and 
significant contributions in scientific research, enforcement, international cooperation, or management have 
helped improve the conservation of anadromous salmon and steelhead stocks in the North Pacific Ocean.

Dr. Shigehiko Urawa has been a Japanese member 
of the CSRS Science Sub-Committee (SSC) since 2000, 
including chairing the SSC from 2012–2020 to promote 
cooperative science activities by member countries and 
international organizations, and led the development of the 
2011–2015 and 2016–2022 NPAFC Science Plans. He has 
organized dozens of workshops/symposia for reviewing the 
research progress under the NPAFC Science Plans. He was also 
involved in the creation and activities of CSRS Working Groups 
on Stock Identification, Salmon Tagging, and Salmon Marking. 
He succeeded in establishing the seasonal ocean migration 
model of Japanese chum salmon using stock identification 
techniques developed by the working group members. During a 
long career over 25 years with the NPAFC, including as NPAFC 
Deputy Director (2006–2010), he contributed 16 articles to the 
NPAFC Bulletins, 26 extended abstracts to the NPAFC Technical 
Reports, and 122 documents to the NPAFC, in addition to over 
60 peer-reviewed articles.

Dr. Urawa stated, “It is indeed a great privilege to have been 
a part of this prestigious Intergovernmental Organization and 
to be honored with this distinguished North Pacific Anadromous 
Fish Commission Award. I extend my appreciation to my fellow 
salmon scientists from Canada, Japan, the Republic of Korea, 
the Russian Federation, and the United States of America 
who assisted me to achieve scientific activities. I thank the 

Commission and the delegates who granted me this award. It is the highest honor for me. I am pleased 
to keep my research activities for the conservation of Pacific salmon facing uncertainties associated with 
environmental changes.”

Photo credit: © Greg Brave / Adobe Stock
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Enforcement

All NPAFC Member Countries 
Ratified/Acceded to the FAO Port 
State Measures Agreement (PSMA) 

Fisheries enforcement representatives from 
member countries (Canada, Japan, the Republic 
of Korea, the Russian Federation, and the 

United States) reported on successful 2020 efforts 
to combat illegal, unreported, and unregulated (IUU) 
fishing on the high seas of the North Pacific at the 
2021 ENFO meeting.

Vessels fishing on the high seas historically used 
large-scale high-seas driftnets (HSDN)—gear that 
is now internationally banned due to the high rates 
of bycatch of non-target species, including salmon. 
The Convention for the Conservation of Anadromous 
Stocks in the North Pacific Ocean further prohibits 
fishing for salmon within the high seas of the North 
Pacific Ocean. The NPAFC member countries have 
achieved a unique forum for successful and efficient 
enforcement of these conservation measures within 
the NPAFC Convention Area. These efforts have put 
pressure on fishing vessel operators and their flag 
States to drastically reduce high-seas driftnet and 
salmon fishing within the North Pacific.

The coordinated enforcement efforts of 
the NPAFC member countries in 2020 covered 
significant portions of the NPAFC Convention 
Area with over 390 hours of aircraft patrols and 
136 ship-days, to deter and interrupt IUU fishing 
activity. These combined multilateral efforts 
identified multiple violations of Conservation and 
Management Measures established by regional 
fisheries management organizations in the North 
Pacific Ocean; however, none involved high-seas 
driftnet activity or illegal retention of salmon. This 
may indicate that the efforts of member countries 
and enforcement actions are reducing these illegal 
activities.

Member countries also discussed the status of 
acceptance of the Food and Agriculture Organization 
Agreement on Port State Measures to Prevent, 
Deter, and Eliminate IUU Fishing (PSMA). This 
global and legally binding agreement is designed 
to harmonize and strengthen controls and deter 
IUU activity by preventing illegally caught fish from 
entering the global marketplace. The PSMA went 
into force on June 5, 2016. Currently, 69 members 
have formally deposited their instruments of 

adherence. For more information, please visit here 
(http://www.fao.org/port-state-measures/en/).

All NPAFC member countries have now ratified or 
acceded to the PSMA: the Republic of Korea ratified 
on January 14, 2016; the US ratified on February 
26, 2016; Japan acceded to the Agreement on May 
19, 2017; and Canada and the Russian Federation 
ratified on June 20, 2019, and on February 5, 2021, 
respectively. Effective and consistent application 
of the PSMA will add a new level of deterrence by 
decreasing the profitability of illegal transshipping 
of fish at sea and in port. Member countries 
agreed to explore joint projects/collaborations and 
find relevant ways to increase and operationalize 
activities in the NPAFC. The information on each 
member country’s PSMA implementation updated 
as of June 2021 is available on the NPAFC website 
(https://npafc.org/wp-content/uploads/2020/03/
PMSA.pdf).

(Flashback to 2006) Enforcement Evaluation and Coordination 
Meeting (EECM), February 28–March 1, 2006, Juneau, Alaska, 
USA.  EECMs were held to plan and coordinate NPAFC-
enforcement activities for the coming months until the 
introduction of virtual Joint Patrol Schedule Meeting (JPSM) in 
2015. Photo credit: NPAFC Secretariat

http://www.fao.org/port-state-measures/en/
https://npafc.org/wp-content/uploads/2020/03/PMSA.pdf
https://npafc.org/wp-content/uploads/2020/03/PMSA.pdf
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Ongoing efforts to curtail the large-scale high-
seas driftnet (HSDN) threat by continuing a constant 
vigilance at sea and in ports is crucial for sustainable 
fisheries management and the conservation of 
salmon in the North Pacific. Multilateral enforcement 
operations coordinated in the NPAFC Convention 
Area, regular information exchanges between 
NPAFC-member enforcement agencies, and a 
consistent enforcement presence in the North 
Pacific, all act as effective deterrents against IUU 
fishing activities.

It was agreed that a one-day ENFO/CSRS 
workshop on Threats and Knowledge Gaps Related 
to Pacific Salmon Conservation on the High Seas, 
which was to be held in May 2021, will be postponed 
until May 2022 in association with the 2022 Annual 
Meeting. There will be several presentations from 
ENFO and CSRS members at the workshop, along 
with invited speakers.

(Flashback to 2012) NPAFC Enforcement Workshop on 
“Procedures of Interception and Seizure of Vessels of Interest 
on the High Seas,” March 29, 2012, Jeju Island, Korea. Photo 
credit: NPAFC Secretariat

Port State Measures Agreement is the first binding international agreement to specifically target illegal, unreported, and unregulated 
(IUU) fishing. Photo credit: FAO
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Science

Committee on Scientific Research 
& Statistics Activities and Catch & 
Hatchery Release Statistics

The Committee on Scientific Research and 
Statistics (CSRS) had a virtual meeting from 
May 10‒12, 2021, using e-mail communication 

and in a videoconferencing format, to review 
current information related to salmon abundance 
and biology at the Commission’s 29th Annual 
Meeting. In addition to presenting salmon catch and 
hatchery statistics, scientists planned, reviewed, 
and coordinated exchanges of scientific data and 
samples, and assessed scientific studies of Pacific 
salmon and steelhead in international waters and 
adjacent areas of the North Pacific. Documents 
submitted for consideration at the meeting 
are available at https://npafc.org/published-
documents-2021/.

At the Annual Meeting, all five NPAFC member 
countries unanimously agreed to continue 
support for the International Year of the Salmon 
(IYS) initiative. Despite challenges posed by the 
unprecedented COVID-19 pandemic, the IYS has 
had a productive year with considerable progress 
made in three major areas—the 2022 Pan-Pacific 
Winter High Seas Expedition, the Likely Suspects 
Framework, and Data Mobilization. Planning for the 
2022 IYS Pan-Pacific Winter High Seas Expedition 
by scientists from all five NPAFC member countries 
is progressing well. This is the third expedition, 
after the 2019 and 2020 expeditions, and will send 
multiple research vessels to survey the winter 
ecology of Pacific salmon across the entire North 
Pacific Ocean (NPO). There has been notional 
support for ship time contributions from Canada, 
Russia, and the United States, and partial financial 
support from the North Pacific Research Board 
(NPRB), the British Columbia Salmon Restoration 
and Innovation Fund (BC SRIF), and the North 
Pacific Fisheries Commission (NPFC) to charter a 
fourth vessel. The IYS continues to seek funding 
from multiple sources and potential partners in order 
to ensure comprehensive coverage of the North 
Pacific Ocean during the 2022 Expedition. 

Additional research cruise plans for 2021 were 
also discussed. These could include salmon surveys 
in the Bering Sea, the northwestern North Pacific, 
and the southern Sea of Okhotsk. Research cruises 

may employ survey vessels from a variety of sources 
including government, university, and chartered 
fishing boats. Research survey objectives vary by 
season and location and include data-gathering 
on topics such as migration timing, abundance, 
distribution, survival, marine ecology, run size 
forecasting, stock identification, and salmon growth 
and body condition. However, these cruise plans are 
subject to change due to the COVID-19 pandemic. 

The current 2016–2022 NPAFC Science 
Plan supports the NPAFC’s primary objective of 
promoting the conservation of Pacific salmon and 
steelhead trout within the Convention Area and 
is integrated with the IYS initiative. To review the 
research progress for the NPAFC Science Plan, and 
to promote IYS activities and outreach in member 
countries, the Third NPAFC-IYS Virtual Workshop 
on Linkages between Pacific Salmon Production 
and Environmental Changes was held on May 
25–27, 2021 (Canada and USA); May 26–28, 
2021 (Japan, Korea, and Russia). There were 89 
presentations along with discussion and summary 
over the three-day live sessions of the workshop: 
13 invited keynote presentations, 15 live oral and 
29 pre-recorded oral presentations, as well as 32 

(Flashback to 2005) A group photo of the participants at 
Research Planning Coordinating Meeting (RPCM), April 
21–22, 2005, Nanaimo, BC, Canada. RPCMs had been held 
to plan and coordinate research activities for the year under 
the auspices of the CSRS until 2012. Photo credit: NPAFC 
Secretariat  

https://npafc.org/published-documents-2021/
https://npafc.org/published-documents-2021/
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E-posters. The objectives of the workshop are to: 
(1) improve knowledge of the migration, growth, 
and survival of salmon and their environments; (2) 
increase understanding of the causes of variations 
in salmon production in changing environments; (3) 
anticipate future changes in salmon ecosystems and 
resulting changes in the distribution, survival, and 
abundance of salmon; (4) discuss application of new 
and developing technologies and analytical methods 
to research and manage salmon; (5) demonstrate 
integrated information/data management systems 
to support research, sustainable management, 
and understanding for the conservation of salmon; 
and (6) describe policies designed to ensure 
the resilience of salmon and people in changing 
environments.

Improved understanding of the mechanisms 
that regulate the distribution and abundance of 
Pacific salmon will promote the conservation of 
anadromous populations in the North Pacific Ocean, 
allow for better forecasts of salmon production 
trends in the future, and enhance sustainable 
fisheries management, food security, and economic 
security in member nations. Based on information 
submitted at the 2021 meeting, NPAFC statistics 
have been updated to include 2020 statistics 
plus some additions/corrections to catches and 
hatchery release statistics in 2019 and earlier years. 
Commercial, subsistence, and recreational catches 
and hatchery release statistics are available at 
https://npafc.org/statistics/. 

The preliminary North Pacific-wide total salmon 
catches for 2020 were reported by member 
countries Canada, Japan, the Republic of Korea, the 
Russian Federation, and the United States. Pacific 
salmon abundance in the North Pacific during 2020 
was the lowest recorded since 1982, as indexed 
by aggregate commercial catches—The total catch 
in 2020 was 606.7 thousand metric tonnes (322.5 
million fish).

The member countries’ portions of the total catch 
included 48% by the Russian Federation (292.7 
thousand metric tonnes), 41% by the United States 
(245.7 thousand metric tonnes of which 241.1 
thousand metric tonnes was caught in Alaska), 10% 
by Japan (61.1 thousand metric tonnes), and 1% by 
Canada (7.1 thousand metric tonnes) and less than 
1% by Korea (130 metric tonnes), respectively. 

Pink salmon constituted the majority of the 
total commercial catch (46% by weight) followed 
by chum (27%) and sockeye salmon (23%). Coho 
comprised 3% of the catch, while Chinook salmon, 
cherry salmon, and steelhead trout were each less 
than 1% of the catch by weight. 

Pink and chum salmon dominate Asian catches, 
but overall catches have been generally declining 
since 2011. Pink salmon catches reached a high 
in 2018 (516.9 thousand metric tonnes) but 
declined to 178.2 thousand metric tonnes in 2020. 
The chum salmon catch has declined since 2015 

(Flashback to 2008) Research Planning Coordinating Meeting (RPCM), April 10–11, 2008, Sokcho-si, Gangwon-do, Korea.  
Photo credit: NPAFC Secretariat 

https://npafc.org/statistics/
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and in 2020 was 135.2 thousand metric tonnes, 
compared to the 10-year average (2010–2019) of 
222.8 thousand metric tonnes. This decline was 
attributed to reduced chum catches in Japan (54.7 
thousand metric tonnes) and Russia (80.3 thousand 
metric tonnes). Russia currently catches the largest 
proportion of the total Asian catch, although prior 
to 2005, Japan often caught a greater proportion. 
Catches by the Republic of Korea are relatively 
minor.

The total North American catch in 2020 was 
252.7 thousand metric tonnes, which was the lowest 
since 1977. Chum salmon catch has declined from 
101.2 thousand metric tonnes in 2017 to 30.6 
thousand metric tonnes in 2020. Sockeye salmon 
catch declined in 2020 to 107.4 thousand metric 
tonnes, compared to the five-year average of 133.6 
thousand metric tonnes. In Alaska, sockeye and 
pink salmon are the primary species, followed by 
chum salmon. The 2020 chum salmon catch in 
Alaska was the lowest since 1989 (28.1 thousand 
metric tonnes). In Canada, pink, chum, and sockeye 
salmon were the most abundant species caught. 
While catches remain historically low, catches 
for sockeye, pink, and chum salmon increased 
compared to 2019. In Washington, Oregon, and 
California, Chinook, chum, and coho salmon 
are typically the most abundant species caught. 
Particularly low catches of chum and sockeye salmon 
in 2020 resulted in the lowest total catches of 
salmon on record (4.5 thousand metric tonnes) in 

the NPAFC database for Washington, Oregon, and 
California combined. 

Hatchery releases of salmon and steelhead from 
NPAFC member countries have been stable since 
1993, with approximately five billion fish released 
annually. After a record high in 2019 (5.5 billion 
fish), the number of hatchery releases decreased to 
5.1 billion fish in 2020. Hatcheries released 2,002 
million fish (39% of the total) in the United States, 
1,593 million (31%) in Japan, 1,287 million (25%) 
in Russia, 209 million (4%) in Canada, and 8 million 
(< 1%) in Korea.

But the highest hatchery releases (5.5 billion 
fish) on record occurred in 2019, primarily because 
of increased Asian hatchery releases. Hatcheries 
released 2,023 million fish (37% of the total) in the 
United States, 1,918 million (35%) in Japan, 1,181 
million (21%) in the Russian Federation, 384 million 
(7%) in Canada, and 11 million (< 1%) in Korea. 

Hatchery releases were primarily chum (3,299 
million, 65%) and pink salmon (1,277 million, 25%), 
followed by Chinook (224 million, 4%), sockeye 
(187 million, 4%), coho salmon (82 million, 2%), 
steelhead trout (19 million, <1%).

(Flashback to 2012) A group photo of the participants at the 2012 CSRS meeting, Saint Petersburg, 
Russia. Photo credit: NPAFC Secretariat
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 Sockeye Pink Chum Coho Chinook Cherry Steelhead Total

Canada 0.079 1.919 0.271 0.103 0.092 - - 2.464

Japan 0.003 4.061 17.509 0.001 0.001 - 0.000 21.575

Korea - - 0.055 - - - - 0.055

Russia 13.120 135.533 26.734 3.230 0.056 0.000 - 178.673

USA 46.468 61.136 8.839 2.774 0.518  - 0.020 119.755

  Alaska 46.460 61.136 8.586 2.454 0.275 - 0.001 118.912

  WOC 0.008 0.000 0.253 0.320 0.243 - 0.019 0.843

Total 59.670 202.649 53.408 6.108 0.667 0.000 0.020 322.522

 Sockeye Pink Chum Coho Chinook Cherry Steelhead Total

Canada 175 4,481 1,472 304 618 - - 7,050

Japan 6 5,409 54,669 2 5 1,046 0 61,137

Korea - - 139 - - - - 139

Russia 29,916 172,820 80,349 9,327 261 1 - 292,674

USA 107,234 96,622 29,135 8,662 3,938 - 91 245,682

  Alaska 107,220 96,613 28,084 7,689 1,535 - 1 241,142

  WOC 14 9 1,051 973 2,403 - 90 4,540

Total 137,331 279,332 165,764 18,295 4,822 1,047 91 606,682

Table 1. Preliminary 2020 commercial salmon catches in Canada, Japan, Korea, Russia, and the United 
States. Commercial catches by foreign fleets in the Russian EEZ are not included. Japanese catch data 
are based on Fisheries Research Agency data sources, not official statistics. Commercial catch weight for 
Alaska is based on landed weight (Alaska Department of Fish and Game).

(a) Preliminary 2020 commercial catch in millions of fish.

(b) Preliminary 2020 commercial catch in metric tonnes (round weight).

WOC:  Washington, Oregon, and California 
“0.000” means non-zero catch but too low to report 
“-” means zero catch

WOC:  Washington, Oregon, and California 
“0.000” means non-zero catch but too low to report 
“-” means zero catch

 Sockeye Pink Chum Coho Chinook Cherry Steelhead Total

Canada 113.276* 9.263* 35.592* 8.311 42.036 - 0.192 208.670

Japan 0.213 110.875 1,469.789 - - 11.935 - 1,592.812

Korea - - 8.060 - - - - 8.060

Russia 18.132 282.560 983.370 2.142 0.907 0.235 - 1,287.346

USA 54.956 874.413 801.741 71.199 180.571 - 19.068 2,001.948

Alaska 40.339 873.916 767.316 33.612 10.921 - - 1,726.104

WOCI 14.617 0.497 34.425 37.587 169.650 - 19.068 275.844

Total 186.577 1,277.111 3,298.552 81.652 223.514 12.170 19.260 5,098.836

Table 2. Preliminary 2020 hatchery releases in NPAFC member countries in millions of fish.

WOCI: Washington, Oregon, California, and Idaho 
* This includes hatchery releases and spawning channel production 
“-” means zero hatchery release
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Figure 2. Annual commercial catch of salmon and steelhead trout by species in thousands of metric tonnes.

Figure 1. Annual commercial catch of salmon and steelhead trout by country in thousands of metric tonnes.
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Figure 3. Annual hatchery release of salmon and steelhead trout by country in millions of fish.

Figure 4. Annual hatchery release of salmon and steelhead trout by species in millions of fish.
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Director's Desk

NPAFC Newsletter Celebrates 
Golden Jubilee

In summer 2021, the NPAFC Newsletter 
reaches a “small” golden jubilee—issue #50 is 
published in its 25-year history. Considering the 

Newsletter’s audience of more than 750 subscribers 
and the total volume of published issues of more 
than 1,000 pages, this event should not be allowed 
to go unnoticed.

It is hard to believe now, but for the first 
three years, NPAFC worked without having a print 
newspaper of its own. There were the annual 
meeting records, annual reports, and statistical 
yearbooks, which were distributed internally; the 
bulk of NPAFC documents which lucky participants 
could bring back to their offices from the annual 
meeting venues; and bright-yellow circular letters 
that were distinct from other boring black-and-
white business papers which I have collected in a 
separate folder in my office in TINRO in the 1990s. 
With all this stuff, there was no channel for the 
Commission to share news, ideas, and concerns 
with people outside the NPAFC and involve them in 
discussing and solving problems related to research, 
management, and conservation of anadromous fish.

Meanwhile, the closest NPAFC partner and 
agemate, the North Pacific Marine Science 
Organization (PICES) started publishing the PICES 
Press since the first year of functioning. The PICES 
Secretariat was rather ambitious to print the 
headline “published quarterly” in the first issue of 
their periodical, but later switched to a more realistic 
semi-annual periodicity. Already in the second PICES 
Press issue in January 1994, we can read 
“…favorable outcome [of the Second PICES Annual 
Meeting] came from discussions with the North 
Pacific Anadromous Fish Commission where it was 
agreed that the two organizations could cooperate in 
examining the factors affecting current trends in the 
productivity of the North Pacific and their impacts on 
salmonid carrying capacity.” 

It is difficult to say whether the PICES Press 
example had served to raise the idea of our own 
newsletter within the NPAFC, or if there was an 
independent process of acknowledgment of new 
awareness and opportunities to communicate with 
partners and the public more fully. In the Records 
of the Fourth NPAFC Annual Meeting held in late 

October 1996, there is a brief note in the NPAFC 
Committee on Scientific Research and Statistics 
(CSRS) Report under the Other Publications title: 
“The committee reviewed a proposed by US 
scientists newsletter…” Similar wording was later 
included in the 1996 NPAFC Annual Report. 

The NPAFC archive reveals the first official 
document related to the newsletter, which is dated 
a half-year earlier. The Science Sub-Committee 
Chairperson Dr. Michael Dahlberg wrote to Executive 
Director, Dr. Irina Shestakova, in a facsimile letter of 
March 7, 1996: “Bill Hines suggested that the NPAFC 
start publishing a periodic newsletter describing 
research results from the Parties. If the Commission 
can afford such a publishing venture, then I agree 
that the information would be of interest to the 
fisheries community. How the newsletter would be 
produced will require discussion between the CSRS 
and Science Sub-Committee chairpersons, and the 
Secretariat. Perhaps, Dr. Low and I could visit your 
office and discuss this matter in the near future.”

By Vladimir Radchenko 
Executive Director, NPAFC

Figure 1. Newsletter issues on the Secretariat's front desk.  
Photo credit: NPAFC Secretariat
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The last sentence caused a guess that  
Dr. Loh-Lee Low could be one of the initiators of 
the newsletter publishing to raise the profile of 
the Commission’s good work in the world. Dr. Low 
contributed substantially to the functioning of 
CSRS. He chaired the deliberations of the CSRS in 
1995–1997 as well as in two other two-year terms 
in 2003–2005 and 2014–2016. Dr. Low was also 
involved in activities in the framework of many 
other international commissions including the NPAFC 
predecessor—INPFC, PICES, the Convention on the 
Conservation and Management of Pollock Resources 
in the Central Bering Sea (CCBSP), etc. In 2016, 
the Secretariat awarded Dr. Low with a friendly 
Anchor Award in recognition of his long-standing 
involvement with, and steadfast support of NPAFC 
and INPFC since 1975. Therefore, not surprisingly, 
some Secretariat staff were confident that the initial 
idea for the newsletter came from Dr. Low.

The internationally recognized US salmon 
scientist and 2014 NPAFC Awardee, Dr. Katherine 
Myers explained that, at the time, Bill Hines was 
usually the person in the US delegation charged with 
drafting the press release for the annual meeting. He 
needed to include scientific research results into the 
press releases but likely felt that this is not the most 
appropriate format for scientific communications, 
especially since scientists complained that the 
information provided is scarce and lacks detail. 
Therefore, it was not surprising that Bill Hines 
suggested having a newsletter to Dr. Dahlberg. 
At the 1996 Annual Meeting in Tokyo, Japan, this 
proposal was brought for CSRS consideration under 
the agenda item “Other publications”. Finally, the 
suggestion was adopted by the Commission with an 
intention that the newsletter will be published twice 
a year and include topics on scientific research and 
other NPAFC activities (Decision #95S/6).

Indeed, the initial idea is just a starting point 
for a long journey towards implementation. At 
the time, the NPAFC Secretariat gained enough 
experience in the technical publishing field, but a 
science-oriented newsletter looked to be a distinct 
product. It needed more attractive graphic design 
and more bright language than the formal language 
of meeting records and reports. At the same time, 
any newsletter should have a competent editor to 
publish solid science while allowing authors more 
room for research-inspired thoughts than a peer-
reviewed scientific journal. Meeting minutes are 
always reviewed by an editorial group or ad hoc 
press committee. Correspondingly, there was the 
first move from the Secretariat in November 1996 
to establish an editorial board with attendance of all 
Parties’ representatives to approve the newsletter 
content. Fortunately, such a time-consuming 
solution was rejected, editor’s duties were 

Figure 2. Bill Hines with Irina Shestakova in the Secretariat 
office. Photo credit: NPAFC Secretariat

Figure 3. Loh-Lee Low recieves the Anchor award. Photo 
credit: NPAFC Secretariat

entrusted to the Secretariat with no restrictions 
to ask scientists from the Contracting Parties for 
advice. The Canadian Party’s suggestion that future 
Newsletter issues do not require the Parties’ review 
was also adopted in December 1996.

The US Party strongly supported the new project. 
Dr. Dahlberg suggested that Kate Myers prepare the 
first draft of the future newsletter and distribute it 
for review. Dr. Myers was assigned to play the role 
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of writer, creator, and editor like acting, singing, and 
dancing at the same time. One of the challenges 
for Kate was to solicit information and articles from 
NPAFC society members without official editor 
status since some Representatives worried about 
the ability of scientists to edit various topic articles 
and potential impartiality in assigning one Party’s 
member to such a position of responsibility. At the 
end of 1996, a satisfactory formal solution was 
found and informed to the Commission by the “New 
Year” memorandum of December 31, 1996: the 
Executive Director will serve as the newsletter editor 
while Kate Myers will act as the assisting editor. 
NPAFC Parties appointed the contact persons to 
review the first draft newsletter, solicit articles from 
national scientists, and distribute new issues to their 
national communities.

I am looking at the pages of the first drafts and 
revealing new details about the Newsletter. Do you 
know that it could have a title distinct from just 
“newsletter?” Old papers show such suggestions 
as “North Pacific Salmon” and “NPAFC/について/
НПАФК Newsletter.” The latter one was likely based 
on the proposal to produce the publication in the 
three official NPAFC languages. The Committee on 
Finance and Administration (F&A) did not reach 
a consensus on this issue at the Annual Meeting 
and recommended first to review the issue and 
estimate potential expenses for translation. The first 
Newsletter issue was intensively edited and sent 
back and forth by appointed editors between Seattle 
and Vancouver in February–March 1997.  

In early April 1997, the NPAFC staff met in 
Seattle with Kate Myers and Cathy Schwartz, a 
designer who then assisted the Secretariat in 
producing seven Newsletter issues from spring 1997 
to winter 2000. This time-consuming work was 
kindly supported financially by the US Party. Adobe 
PageMaker 6.0 released in 1995, a year after Adobe 

Figure 4. Kate Myers making a speech at the 2014 NPAFC 
Award ceremony. Photo credit: NPAFC Secretariat

Systems acquired the Aldus Corporation, was the 
main software used for small printing forms at that 
time. There was a decision to print the Newsletter 
using two Pantone Matching System (PMS) colors. 
By using middle tones, the style palette of the 
newsletter issue looks to be varied and saturated 
enough. White gloss paper was selected that 
would provide higher quality photos reproduced 
in print. Recycled paper will be used to show that 
the Commission cares about the environment. 
Meanwhile, a note about recycling paper use was 
kept on the Newsletter front page and then back 
page until 2010, when, upon the Secretariat’s 
proposal, the hard copy Newsletter was replaced 
with an electronic version uploaded on the website.

On April 7, the first draft of the NPAFC Newsletter 
was distributed to the appointed contact persons 
and endorsed by them with minor comments. On the 
same date, the National Library of Canada assigned 
the International Standard Serial Number (ISSN) to 
the Commission’s new serial publication. Thus, the 
Newsletter not only came into the world but also 
received a “birth certificate” in April 1997. As for the 
content, the four-page draft looks like a pamphlet 
with general information about the Convention, 
NPAFC mission, members, and activities. A photo 
of the Representatives from the Fourth NPAFC 
Annual Meeting is featured by Newsletter #1 in 
its lead article, which occupies half of the volume. 
The third page provides brief stories about the 1st 
NPAFC International Symposium held in Sapporo 
in October 1996 and the CSRS Research planning 
and coordinating meeting in Vancouver in March 
1997, and the fourth page—about a salmon research 
cruise onboard F/V Great Pacific in the Gulf of Alaska 
and the Bering Sea, a list of recent publications, 
and Dr. Leo Margolis’ in memoriam. Eight hundred 
copies of Newsletter #1 were printed by Benwell 
Atkins printing house in Vancouver in late April 
1997, and more than 450 of them were distributed 
by mail around the world to individual members and 
86 media outlets. This cost the Commission slightly 
over $2,300 with 70% spent on mailing.

Along with the distribution of the first Newsletter, 
the Secretariat asked NPAFC members to submit 
articles, photos, and ideas for the second and 
further issues. The recall is also published together 
with other Newsletter notes in all issues to-date. 
However, this was only partly helpful. As Kate Myers 
recollects, it was often difficult to get people to write 
and submit articles, but very rewarding to see the 
final product. The second issue was eight pages 
long, that volume was kept for the next 25 issues 
until switching to the electronic version in 2010. The 
E-newsletter’s volume started growing steadily: from 
12-page issues ## 27–29 to 17–49 pages in issues 
##30–40 and 39–59 pages in issues ##41–50. Nine 
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Figure 5. Fragment of Newsletter draft with the title North Pacific Salmon.
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and June each year.” Since 2000, both ENFO and 
CSRS annual meeting reports are featured in the 
Newsletter. 

Meanwhile, there is a rubric that is very pleasant 
to see interrupted. Stories of apprehension of 12 
IUU vessels from the total 22 have been published in 
the Newsletter issues from #2 to #44. Inspections, 
seizures, and investigations against IUU fishing 
vessels Bellatrix, Arctic Wind, Yin Yuan, Run Da, 
and others have been described in detail. An 
insightful story about the seizure of driftnetter 
Bangun Perkasa and its photograph scrapped in 
Dutch Harbor, Alaska (Newsletter issues ## 34–35), 
should be a source of concern about breaking the 
law.

The Secretariat permanently attempted to 
improve the newsletter content and attract 
members’ attention to it. For this purpose, a ten-
question readership survey was developed, and 
the questionnaire was distributed at the 7th NPAFC 
Annual Meeting in Juneau, Alaska, US. To promote 
the survey, the Secretariat promised a draw of a 
small prize (desk cardholder with salmon figure), 
and Natalia Varnavskaya from KamchatNIRO, 
Russia, won that prize. Survey participants 
almost unanimously supported publishing the 
Newsletter twice a year in eight-page format and 
almost equally distributed their interests between 
existing rubrics. As for the future issues, most of 
them asked to publish preliminary salmon catch 
statistics (it was far before the creation of the 
NPAFC data files), wider scientific information 
related to salmon, the organizational structure of 
fisheries and management structures in member 
countries, introductions of NPAFC Representatives 
and delegation members, and information on other 
international fishery management organizations. 
Five participants suggested publishing salmon 
market information, and three of them—publishing 
salmon recipes.

Figure 6. President Kim delivers opening remarks at the 27th 
Annual Meeting. Photo credit: NPAFC Secretariat

Newsletter issues from autumn 1997 to summer 
2000 were published in three NPAFC languages. 
Parties worried about increased expenses related 
to publishing it in three languages, but no objection 
was expressed in the wake of the Newsletter's 
success, at least until the first NPAFC budget deficit 
was projected in 2000.

Since the first issues, some serial rubrics were 
established that became an essential part of the 
newsletter content. The first one occurred to be 
the President’s New Year address delivered by 
David Bevan in January 1998 and then presented 
21 more times by 10 NPAFC Presidents. Dr. Suam 
Kim presented his address four times and became 
a champion in this rubric. In his inaugural New Year 
message in 2009, Dr. Kim wrote about the successful 
completion of the BASIS-I program and the total 
catch of Pacific salmon in 2007 that reached the 
highest level—more than one million metric tonnes—
for the first time (this lucky situation repeated five 
times more thereafter). Another important thesis 
was about the importance of education of a new 
generation of salmon scientists: Pacific salmon are 
very precious animals. However, the most important 
resource would be the young generations who have 
an affection for salmon. A capacity building might be 
the critical issue determining the NPAFC destiny.

NPAFC meeting highlights also had been included 
in the newsletter reports since issue #1. The fifth 
NPAFC Annual Meeting in October 1997 was the first 
Commissions’ annual meeting, briefly described in 
Newsletter #3 (or volume 2 issue 1 according to 
initial numeration). Although the newsletter scope 
should include the whole range of the Commission’s 
activities, CSRS remained the parent committee 
for the newsletter for a long time. In 1997, the 
CSRS report noted that “the Committee reviewed 
two 1997 issues of the Newsletter and expressed 
satisfaction with their image and contents. The 
committee recommends continuation of semi-
annual publication of the Newsletter in January 

Figure 7. Natalia Varnavskaya receives a prize. Photo credit: 
NPAFC Secretariat
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In 2000, the Newsletter entered a year which 
was a turning-point in its production. Despite the 
above-mentioned Commission’s budget deficit, the 
US NOAA contract was also expired, and helpful 
collaborators Kate Myers and Cathy Schwartz had 
to move to other projects. Needless to say, Kate 
Myers did not stop supporting the newsletter and 
contributed with several prominent articles in the 
next issues. For example, she presented a nice 
dive into the International North Pacific Fisheries 
Commission (INPFC), the NPAFC predecessor’s 
history with an article on the 30th anniversary of the 
research coordinating group with a rare photo back 
from 1977 (see #23 of January 2008). 

Meanwhile, producing the Newsletter became 
solely the Secretariat staff’s business. Fortunately, 
among the Secretariat staff, Wakako Morris 
happened to be an excellent copy editor, always 
finding any errors that were missed by authors and 
staff. Secretary Denise McGrann-Pavlovic worked 
well with Adobe Illustrator. Deputy Director’s duties 
were to collect the articles for the newsletter. 
If there were no newsworthy events between 
the issues, the Secretariat had usually called on 
members in the country order, to ask for scientific 
articles. Indeed, it was difficult to meet the deadline 
for publishing, especially since some authors 
sometimes failed in fulfilling their promises. Since 
2000, Newsletter mentioning disappeared from the 
Annual Meeting Records. Of course, new issues were 
included in lists of publication in regular reports, 
but no word about the Newsletter can be found in 
the main Commission chronicle. Likely, it reflects 
that all goes well with the Newsletter. During the 
NPAFC performance review in 2009–2010, no action 
was recommended concerning the Newsletter. As 
it was mentioned in the Performance Review Panel 
report, “the Newsletter is a very useful vehicle 
for highlighting the role of the Commission in the 
coordination of science and enforcement in areas 
beyond national jurisdiction.”

Publication of newsletters in three languages 
was discontinued by Parties’ mutual consent in 
2002 since translation expenses became costly 
and could rise with the Republic of Korea joining 
the Convention. After the Commission’s financial 
situation improved again, the Publication Policy 
Working Group (PPWG) met to discuss the 
importance of translating media materials into 
Japanese, Korean, and Russian languages based 
on the background document prepared by the 
Secretariat in 2014. Translation of the annual 
meeting news releases and five webpages were 
approved, but a complete NPAFC Newsletter issue 
translation was not approved due to high estimated 
costs and the unintended consequence of reducing 
the length of the newsletter. Recent Newsletter 

issues since summer 2011 had 18–28 pages, and 
nobody wanted to cut it back to 8–12 page format.

Upon the recommendation by the NPAFC 
Communication Plan, the Secretariat repeated the 
readership survey in 2019. A brief questionnaire 
(five questions) was distributed to the Newsletter 
readers to ask for opinions regarding the last 
newsletter issues’ content. The questionnaire was 
distributed together with the NPAFC Newsletter 
#47. Later, the questions were also translated by 
the Secretariat into Japanese and Russian. Twenty-
three filled questionnaires (about 2.6% of the 
reader numbers) were received one month after 
the distribution. Readers would like to continue 
seeing the Newsletter as diverse as it is. They are 
interested in articles on salmon research including 
marine expeditions and fieldwork, stock conditions 
and catch statistics summaries, the outcome of the 
enforcement programs, etc. Most of the responses 
recommend making newsletter issues more 
interactive and incorporating some electronic media 
features: short videos, photo galleries, etc. However, 
this recommendation was not unanimous, some 
readers asked to leave the Newsletter the way it is 
and “do not transform it to a website.” All replies 
were summarized, and the Newsletter content was 
adjusted to the audience’s advice. It may be useful 
to repeat a survey after a dozen of new Newsletter 
issues.

Received opinions also differ on the relevance of 
the salmon recipes section. It first occurred as the 
Recipe from Our People in issue #22 of summer 
2007 with such a delicious recipe as Chef Shawn’s 
Salmon Marinade brought by Gerry Kristianson from 
Haida Gwaii, and then numerous other staff arrived: 
salmon miso hot pot from Japan, salted dry salmon 
from Korea, salmon fillet baked with sour cream and 
fresh tomatoes from Russia, hot smoked salmon 
from the United States. There is even a Chinese 

Figure 8. Nancy Davis, Vladimir Fedorenko, and Wakako 
Morris decorate the Secretariat office toward Christmas in 
December 2011. Photo credit: NPAFC Secretariat
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recipe of lightly pickled spicy salmon and vegetables, 
as the only publication in the Newsletter from China. 
Diverse salmon recipes were presented in every 
but one (#28) issue, and, since #30, it sometimes 
occupies the full centerfold. Aleksander Bugaev, the 
recipe section’s author for #30 described two dishes 
that required more space. Nevertheless, after that 
publication, other authors also started to illustrate 
their recipes by bright photos made during testing in 
their own kitchens.

I always highlighted the recipe section in the 
promotional materials about the NPAFC since it 
looks so distinct from formal newsletters of some 
other regional fisheries management organizations 
(RFMOs). There was a positive reaction to it 
whenever I introduced our newsletter to new people. 
I remember a reaction of then Regional Fishery 
Body Secretariats' Network (RSN) Secretary Dr. Gail 
Lugten in 2013: “This is fantastic, and I particularly 
love the idea of salmon recipes. As Jane Willing from 
New Zealand said at the last COFI meeting, we must 
not forget that fish are delicious.” This is hard to 
disagree with. After the second NPAFC Intern Yulia 
Simakova proposed her recipe in Newsletter #37 
in February 2015, writing to this section became a 
kind of informal task for all future interns. Starting 
from #40, eleven recipes were presented by interns 
representing four member countries. Shunpei Sato 
“played” for Japan with salmon fried rice in #46, 
because we, unfortunately, had no interns from 
Japan since 2011. Considering salmon recipes, I 
should reveal a “secret rule” introduced by Nancy 
Davis: recipes for raw salmon that require special 
safe handling and preparation were never included 
to avoid readers’ digestive troubles and complaints.

My personal favorite Newsletter rubric is the 
“Biological monitoring of key salmon populations.” It 
was started with an article on Korean chum salmon 

written by the NPAFC Trainee Youngho Park for 
#33 in January 2003. Nancy Davis, who edited the 
Newsletter from 2010 to 2017, had a special kind 
of talent to find people in member countries who 
can produce such excellent popular science reviews 
on major salmon and steelhead populations. As she 
defined herself in this role, Nancy tremendously 
enjoyed planning and putting the newsletter 
together. She said, “it was so fun talking to people 
about potential stories and working with authors 
and staff to produce the new issue.” Her goal was 
always to keep improving the newsletter content, 
appearance, and readership, and also to increase 
connectivity among people within the NPAFC 
community. With Nancy as the editor, the Newsletter 
started to regularly include short biographies of the 
article’s authors and new officers. For the annual 
meeting materials, a thematic issue highlighted the 
hosted country by making that country the “theme,” 
often including a feature article and recipe from 
there. Owing to Nancy’s efforts, Japanese pink and 
chum, Ozernaya River sockeye salmon, Southeast 
Alaska pink salmon, Puget Sound Chinook, Amur 
River pink and chum, and British Columbia sockeye, 
Chinook, and steelhead trout were described in 
detail. NPAFC interns also participated in writing two 
of these eleven articles. The Secretariat will support 
this rubric in the future and invite reviews on key 
salmon populations around the changing North 
Pacific Rim. 

The Newsletter issue with my favorite design is 
#38. It was produced just before hiring of a new 
Web/Publication Manager and completed by a young 
volunteer with a diploma in graphic design and his 
special range of vision. This 31-page issue also 
contains many great articles including highlights 
from the first scoping meeting for the International 
Year of the Salmon (IYS) in Vancouver, the 2015 
Annual Meeting, the last International Symposium in 

Figure 9. Recipe photo from #34, Salmon Acqua Pazza by 
Toshihiko Saito

Figure 10. Sockeye salmon in a small Alaska river. 
Photo credit: NPAFC Secretariat
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Kobe, and announcements of remarkable changes in 
the Secretariat staff. As you likely remember, PICES 
co-sponsored the Kobe symposium, and PICES Press 
also published an article about this event. Let you 
compare two photos from these publications in the 
NPAFC Newsletter and PICES Press about the 2015 
Symposium that look similar. NPAFC Secretariat 
stays for a healthier lifestyle.

In summer 2016, the IYS was first highlighted 
in the newsletter with Mark Saunders’ article 
International Year of the Salmon (IYS): from Idea 
to Launch (#40). Since then, IYS implementation 
became a standing item included in all consequent 
Newsletter issues. There were more than twenty 
IYS-related publications in issues ##40–50, i.e., 
two publications per issue on average. These 
publications are devoted to all major IYS signature 
projects and events, outreach and communications, 
NASCO president’s visit and news from the Atlantic 
basin—like updates on the ROAM project and 
outcome from the Workshop on Atlantic salmon 
mortality at sea. One of these articles on Atlantic 
salmon was submitted by our NASCO colleagues 
Peter Hutchinson and Daniel Morris. Information and 
winner submissions from the IYS photo contests 
were also published in the Newsletter issues 
#45 and #49. Since 2015, the most prominent 
Newsletter articles were advertised via the NPAFC 
accounts on social media, mostly on LinkedIn. 

With the development of IYS communications, 
information on the Newsletter content is delivered 
to a much wider audience than before. The role of 
the Newsletter as a platform for communication 
assigned by the NPAFC Communication Plan notably 
strengthened.  

Returning to the NASCO guest authors, inviting 
officials from partner organizations to write 
articles on topical issues for our periodical was a 
relatively new idea, and distinct from other RFMOs’ 
newsletters. The first attempt was successful when 
NEAFC Secretary Stefán Ásmundsson agreed to 
modify his article on “freedom of fishing” on the high 
seas and the RFMOs relevance for the Newsletter 
(see #37 of February 2015). Tight cooperation with 
the North Pacific Fisheries Commission (NPFC) since 
its establishment resulted in invitations accepted by 
the NPFC executives to publish articles on diverse 
compliance- and science-related topics in the NPAFC 
Newsletter; three articles have been published 
since 2018. This facilitated the preparation of the 
Memorandum of Cooperation signed by the NPAFC 
President and NPFC Chairperson in May 2019. In 
general, enforcement activities became a standing 
topic of the Newsletter. Since 2013, sixteen feature 
articles were published in addition to annual ENFO 
meeting summary reports and news releases to 
cover such important topics as enforcement legal 
framework, legal approaches to curb IUU fishing, 
UN fish stocks agreement applicability to the 
NPAFC, IUU fishing indicators and warnings, Port 
State Measures implementation in NPAFC member 
countries, problem of salmon bycatch in massive 
pelagic fisheries in the northwestern North Pacific, 
new technologies for fishery monitoring, control, and 
surveillance (MCS), ENFO communications, etc.

Nancy Davis initiated the creation of a column in 
the newsletter from the Executive Director on any 
relevant topic of the Commission’s activities. When I 
joined the Secretariat in July 2013, I was supportive 
of this idea and the “Director’s Desk” became a 
regular feature. Actually, my first Newsletter article 
was published far in #4(2) of summer 2000 and 
even translated in all the Commission’s official 
languages. I tried to learn Japanese at that time, 
and it was fun to spell my name written in katakana. 
While that early paper was about pre-season Pacific 
salmon catch forecast on the Russian Far East, 
for the Director’s Desk, I have focused on topics 
that should be of interest to all members. Some 
of my articles resulted from tasks entrusted by 
the Commission to the Secretariat. Presentation of 
results of the analysis in an analytical paper looks 
to be the most appropriate way to perform such a 
task and present material for discussion. The high 
seas research expedition in the IYS framework also 
inspired me to write about expectations and the first 

Figure 11. Katherine Dale discusses her poster with Ryan 
Rykaczewski from the Newsletter (above) and PICES Press 
(below). Photo credit: NPAFC Secretariat
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results of the Gulf of Alaska cruise in 2019. Topical 
articles were written on potentially significant Pacific 
salmon bycatch in massive pelagic fisheries in the 
north-western North Pacific and the World fisheries 
and aquaculture trends. 

Although the Newsletter cannot be considered 
a proper scientific publication, it presents such a 
wide array of scientific information that we can find 
references to the newsletter issues in solid academic 
papers. Newsletter issues #1(2) and #2(2) are 
cited by Douglas Guilfoyle in his book Shipping 
Interdiction and the Law of the Sea (Cambridge 
University Press, UK, 2009). ENFO news was found 
in The Dalhousie Law Journal, scientific information 
in Salmon: A Scientific Memoir by Jude Isabella, 
and the list goes on. I have met several Newsletter 
articles’ citations in the Canadian Journal of Fisheries 
and Aquatic Sciences, e.g., Hasegawa et al. (2021) 
cite K. Morita’s (2014) article. This article by Kentaro 
Morita, Japanese wild salmon research: toward a 
reconciliation between hatchery and wild salmon 
management in #35, looks to be a leader among 
citations. The latest citation was made by Craig 
Medred in Winning losers in his article about pink 
salmon (https://craigmedred.news/2021/02/25/

winning-losers/). It is certain that the NPAFC 
Newsletter substantially contributes to the public’s 
understanding of Pacific salmon. 

From general tendencies in the RFMOs’ 
community, there will be likely a time for the second 
performance review of NPAFC in the next three 
or four years. Without any doubt, the Newsletter 
performance will be one of the bright and important 
spots in this review. At the same time, some 
recommendations may be developed to keep the 
Newsletter at the right level in the future. I cannot 
foresee what specific recommendations will be done, 
but I hope that the Newsletter will always keep pace 
with the times and provide reliable connections 
within the Commission as well as with partners and 
the public. Good luck with the next and next fifty 
issues!

Figure 11. NPAFC and NPFC officials at the 2019 Annual Meeting. Photo credit: NPAFC Secretariat

https://craigmedred.news/2021/02/25/winning-losers/
https://craigmedred.news/2021/02/25/winning-losers/
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International Year of the Salmon

IYS Activities and Updates

2022 Pan-Pacific Winter High Seas 
Expedition

The IYS has been busy moving forward with 
its planning of the 2022 IYS Pan-Pacific 
Winter High Seas Expedition, which was 

set to launch in winter 2021 but was postponed 
due to the COVID-19 pandemic. This Pan-Pacific 
expedition will be sending up to five vessels in late 
winter 2022 to cover the entire North Pacific Ocean 
(NPO) to continue to study the winter ecology of 
Pacific salmon. The 2022 Expedition will build off 
the research from the 2019 and 2020 International 
Gulf of Alaska Expeditions to better understand the 
mechanisms regulating salmon abundance in the 
NPO. It is an international effort between the five 
member countries of the North Pacific Anadromous 
Fish Commission (NPAFC). 

The year 2021 has already brought 
unprecedented climate events, such as the record-
breaking heatwave in the Pacific Northwest which 
is estimated to have killed billions of marine life 
off the Salish Coast, and which will likely have 
devastating impacts on Pacific salmon. Additionally, 
after record-low returns of Fraser sockeye in 2019 
and 2020, 2021 is projected to see marginally 
higher returns but not enough to allow commercial 
fishing of this species to occur. Fisheries and Oceans 
Canada recently made the decision to shut down 
nearly 60% of commercial and First Nations salmon 
fisheries in British Columbia in an effort to try and 
revive declining salmon populations. Recent years 
have seen some of the lowest catches of salmon 
and Pacific saury in Japanese waters, and this 
year, the Japanese government has designated 
climate change as a reason for these numbers. In 
Russia, catch numbers have fallen so drastically 
that officials were forced to convene fisheries 
scientists for an emergency meeting to discuss 
these dramatic changes. These changes driven by 
a rapidly changing climate are being felt across 
the Northern Hemisphere, therefore gaining a 
better understanding of what happens to salmon 
during their marine life history phase is critical to 
understanding the impacts of a rapidly changing 
climate and anomalous events in the NPO on 
salmon populations. The research and results of the 
five zones being surveyed across the NPO for the 
2022 Expedition are paramount in gaining broader 
insight into how salmon are being affected by these 

extreme changes in the environment, now and into 
the future.

To date, the IYS has received official confirmation 
of a Canadian vessel (CCGS Sir John Franklin),  
and a Russian vessel (R/V Professor Kaganovskiy). 
Notional confirmation of an American vessel (NOAA 
Bell M. Shimada) and a gillnet charter vessel has 
also been received. The gillnet vessel is being 
organized by Dr. Richard Beamish and Dr. Brian 
Riddell, with funding from government and industry 
partners, and will test the catch efficiency of 
different gear types. Russia has also agreed to make 
another vessel (R/V TINRO) available for charter to 
cover the zones in the Central North Pacific, and so 
far C$0.81M has been raised for the charter vessel 
out of the required C$2.1M. 

The IYS has been meeting regularly with the 
2022 Expedition Country Leads, and discussions 
are ongoing about how to standardize the 
sampling protocols across all vessels participating 
in the expedition. The IYS has also been working 
towards employing cutting-edge technologies in 
salmon genomics and ocean science as a part 
of the expedition. These include environmental 
DNA (eDNA), where pieces of DNA found in 
water samples are identified, which can signal 

By Camille Jasinski 
IYS Public Relations & Communications Coordinator

Camille Jasinski is 
the Public Relations 
and Communications 
Coordinator for the 
International Year of the 
Salmon (IYS)—North Pacific 
Region. She is currently 
completing her master’s 
degree in communications 
at SFU (Simon Fraser 
University), after which 
she hopes to pursue her 
PhD. Camille's graduate 
research interests include 

classical communication theory, ideology, philosophy, 
surveillance culture, environmental communication, 
decolonization theory, and Indigenous rights. Camille 
currently sits as the Co-chair to the IYS Theme Council 
Group 4—Outreach and Communication. She is also a 
registered 200-hour yoga and fuse teacher.
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the presence of organisms that are otherwise 
undetected and can help scientists better 
understand salmon predators and prey. Additionally, 
real-time salmon genetic stock identification (GSI), 
which was successfully completed onboard the R/V 
Professor Kaganovskiy in 2019 for the first time, will 
also likely be used in 2022. This method will help 
scientists determine which region of the North Pacific 
Rim each salmon caught in the ocean originated 
from. Lastly, discussions are ongoing about how 
the data collected on the ships can be augmented 
using uncrewed autonomous vehicles (UAVs)—ocean 
robots which travel through the ocean collecting 
information on oceanographic conditions and marine 
life. These powerful tools transmit data in near real 
time and can help gain a better understanding of 
changes occurring in the ocean and their impact on 
marine life.

Canadian research vessel the CCGS Sir John Franklin. Photo 
credit: Canadian Coast Guard

Russian research vessel R/V TINRO. Photo credit: TINRO, 
Vladivostok, Russia

The IYS has received funding from the BC 
Salmon Restoration and Innovation Fund (BC 
SRIF) to allow Canadian academic partners to 
staff several postdoctoral fellows and graduate 
students to undertake research projects related 
to the areas of study for the expedition. These 
areas of study include chemical oceanography, 
biological oceanography, salmon genomics, 
salmon distribution, abundance and migration, 
salmon feeding ecology and energetics, physical 
oceanography, and acoustics. Several of the 
postdocs and students have already started their 
research while the rest of the positions are expected 
to start in late summer and early fall.

Environmental DNA (eDNA) infographic. 
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Likely Suspects Framework

The Likely Suspects Framework (LSF) signature 
project has seen significant progress over the last 
six months. The LSF aims to identify bottlenecks of 
salmon mortality using a holistic approach across 
all life history stages to better inform management 
and decision-makers. The LSF completed its 
Salmonscape Workshop Series in March 2021, and 
the Salmonscape Workshop Series, phase 1 of the 
implementation of the LSF in the Pacific, took place 
virtually from December 2020–March 2021. The 
ultimate goal of the workshop series was to create 
a roadmap for developing Case-Use Studies to test 
and further define the LSF for future implementation 
in the northeast Pacific. An initial Focus Group 
meeting, “Salmon Management Questions,” was 
followed by three linked workshops, focused on 
the themes of “Approaches to Salmon Life History 
Modelling,” “Data Mobilization,” and “Northeast 
Pacific Case-use Studies” (see below for an outline 
of the structure), respectively.

Over 100 participants took part in the 
workshop series, represented a diverse range of 
roles and expertise from federal, and provincial/
state agencies, Indigenous governments and 
communities, NGOs, and academic institutes. The 
roadmap to develop the LSF in the northeast Pacific, 
informed by the outcomes of the workshop series, 

has been published in NPAFC Technical Report. 
Additionally, the IYS contracted ESSA Technologies 
to help produce the LSF Conceptual Model 
PowerPoint Template and Icon set for communicating 
the LSF and related High Seas Expedition research 
to scientific and non-scientific audiences.

Data Mobilization

The IYS continues to work to make the IYS 
high seas expedition data open and accessible to 
all in support of research and management efforts 
in the North Pacific. Currently, there is a focus 
on standardizing and making data available from 
the 2019 and 2020 International Gulf of Alaska 
Expeditions using Global Ocean Observing System 
(GOOS) protocols, as well as a federated approach 
to standardize the data, so they can be rapidly 
discovered and synthesized. We are also looking 
ahead to the 2022 Expedition and working with 
the 2022 Expedition Country Leads and the NPAFC 
Study Group on High Seas Data Standardization/
Mobilization to agree on an approach to making 
the data available following the expedition. We are 
working to streamline the data mobilization process 
as much as possible and to set a precedent for how 
high seas data from the North Pacific are shared. We 
continue to partner with the Tula Foundation and the 
Hakai Institute in this important work.

Likely Suspects Framework
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IYS Communication & Outreach  

The IYS continues to progress in its outreach and 
communication strategy. Significant time was spent 
updating the IYS website to include more up-to-
date and relevant information about the IYS and its 
activities and signature projects. Recently, the IYS 
has also included a resources section which provides 
access to IYS newsletters, articles, conference 
abstracts, and publications. The IYS has also been 
consistently populating its blog page with posts 
about new and exciting topics related to the five 
IYS research themes (status of salmon, salmon in 
a changing salmosphere, human dimensions, new 
frontiers, and information systems). The IYS has 
published articles about environmental DNA, genetic 
stock identification and the planning of the 2022 
IYS Pan-Pacific Winter High Seas Expedition. We 
will continue to publish informative and interesting 
blog posts about new technologies being employed 
during the 2022 Expedition, as well as updates on 
the status of salmon under rapidly changing and 
unprecedented climate conditions. 

The IYS team continues to work with a steering 
committee, composed of Pacific representatives from 
the NPAFC, and Atlantic representatives from the 
North Atlantic Salmon Conservation Organization 
(NASCO), on the planning of the IYS 2022 Synthesis 
Symposium which will take place from October 4–6, 
2022 at the Westin Bayshore in Vancouver, Canada. 
The IYS is also in the process of planning a seminar 
series leading up to the 2022 Expedition, which will 
focus on some of the most important aspects of 
the expedition, such as results from the previous 
International Gulf of Alaska Expeditions in 2019 
and 2020 and how they can inform the planning 
of the 2022 Expedition, new technologies such as 
salmon genomics and UAVs, data mobilization, 
and modelling. The IYS is also part of the planning 
team for an upcoming workshop on Indigenous 
involvement in salmon management systems 
throughout the circumpolar region with SALCUL—a 
Norwegian Research Council project (2018–2022) 
led by the Norwegian Institute of Nature Research.

Conclusion

The recent aforementioned extreme weather 
events experienced in the northeast Pacific, coupled 
with concerning salmon abundance forecasts, 
are an important reminder of the need for timely 
and targeted action. The Signature Projects and 
activities of the IYS continue to contribute toward 
fostering international collaboration and filling in 
key knowledge gaps related to the lifecycle of Pacific 
salmon and the way they are managed to ensure 
the resilience of salmon and people in a rapidly 
changing world. There are many important activities 
and outcomes expected from the upcoming final 18 
months of the IYS initiative, which we look forward 
to sharing in the future.

Various salmon. Photo credit: Eiko Jones Photography
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The UN Decade of Ocean Science: An 
opportunity to consider a bold future 
for coupling basin scale climate 
and ocean ecosystem science with 
fisheries management systems in the 
North Pacific Ocean

For decades, scientists have been sounding 
the alarm on rising global temperatures and 
the catastrophic effects this could have on 

Earth’s ecosystems. Extreme climate events and 
rapidly changing environmental conditions that have 
been causing changes to freshwater and marine 
ecosystems have had a significant effect on salmon 
across all life history stages. In June 2021, people 
in the western United States and Canada witnessed 
firsthand the devastating impacts of heatwaves 
caused by climate change, as temperatures climbed 
to unprecedented levels that led to catastrophic 
losses of human and marine life. In 2020, Pacific 
salmon catches across the North Pacific fell by a 
shocking 40%, a collapse following multiple years 
of warmer than average water temperatures in 
the North Pacific. As the world faces increasingly 
extreme and frequent climate events such as 
heatwaves, understanding how ecosystems and 
salmon will react to these changes is crucial, 
especially during the critical portion of their lifecycle 
spent in the open ocean. The International Year of 
the Salmon (IYS) has begun working to develop an 
international ecosystem-based approach to close 
the gaps in our understanding of the mechanisms 
driving salmon production in the North Pacific Ocean 
(NPO). In 2017, the United Nations (UN) declared 
that a Decade of Ocean Science for Sustainable 
Development (UNDOS) would be established and 
run from 2021 until 2030. This provides a unique 
opportunity to build on the legacy of the IYS. 
Looking to the long-term, the IYS has submitted 
a Basin-Scale Events to Coastal Impacts (BECI) 
concept proposal to UNDOS to address the critical 
needs of salmon and other marine fishes in the NPO.

By Mark Saunders (IYS Director, North Pacific Region),  
Brian Riddell (Science Advisor at Pacific Salmon Foundation),  

Caroline Graham (IYS High Seas Expedition Coordinator), 
Camille Jasinski (IYS Public Relations & Communications Coordinator), 

Vladimir Radchenko (NPAFC Executive Director), 
Robert Day (Former Director at DFO), 

Sonia Batten (PICES Executive Secretary), 
Jacques White (Executive Director of Long Live The King), 

and Anne Conner (Conner & Associates)

Mark Saunders 
currently works for 
the NPAFC Secretariat 
as the Director for the 
North Pacific Region of the 
International Year of the 
Salmon (IYS) initiative. 
In 2016 he retired from 
the Canadian Department 
of Fisheries and Oceans 
(DFO) where he headed 
up a Salmon, Aquaculture 
and Freshwater Ecology 
Division at the Pacific 

Biological Station in Nanaimo, BC, with staff 
working on salmon stock assessment, freshwater 
habitat, molecular genetics, fish health, and 
marine ecology. Mark has been active at NPAFC 
since 2009, serving as CSRS Chairperson from 
2011–2014, and he is currently the Chairperson 
of the International Year of the Salmon (IYS) 
Working Group.

The premise of the Ocean Decade is to engage 
the ocean community in achieving the 2030 Agenda 
for Sustainable Development. The Decade is 
expected to strengthen connections between the 
ocean science community and decision-makers to 
improve and transform the management of our 
oceans for the benefit of humanity.
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The following is the high-level objective of BECI: 

Using salmon as a sentinel species, develop 
and implement an international ocean intelligence 
system of monitoring, research, and analytical 
approaches that provide timely knowledge and 
advice to decision makers about the impact of 
current and future climate on ocean conditions in 
high seas and coastal socio-ecological systems.

In late 2020, the IYS team began reaching out 
to various government, NGO, and RFMO partners 
to explore the idea of a Decade of Ocean Science 
program. In January 2021, the IYS team, in 
collaboration with other partners including the North 
Pacific Marine Science Organization (PICES) and the 
Pacific Salmon Foundation (PSF), officially submitted 
a UN Decade of Ocean Science program proposal 
called “Basin Events to Coastal Impacts (BECI): An 
Ocean Intelligence System for Fish and People.” This 
10-year, $50–100M proposal was submitted with the 
understanding that if the program is endorsed by 
the Intergovernmental Oceanographic Commission 
(IOC) there will be an opportunity to further develop 
this proposal for its implementation. While an IOC 

endorsement does not come with funding, the IOC 
will assist in matching endorsed programs with 
potential funders. Additionally, many countries are 
considering making funding available for endorsed 
UN Decade activities.

An Enhanced Collaborative Approach Based 
in Partnership

Many commercially important fish species, 
as well as marine birds and mammals, inhabit 
the same pelagic ecosystems as salmon. They 
interact with salmon as either predators, prey, or 
competitors, sometimes exacerbating the impacts 
of environmental factors. Comprehensive and 
coordinated ecosystem studies accomplished at 
a scale spanning the North Pacific Ocean require 
assembling interdisciplinary and international teams 
of scientists. This can be achieved by connecting 
existing regional fisheries and fishery science 
organizations and their partners. While BECI will 
use salmon as the initial exemplar, we propose a 
modular approach to implementation with additional 
species and areas added to connect to international 
fisheries such as tuna, saury, squid, and halibut, 
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as well as domestic shelf and slope complexes of 
species.

Large-scale climate change is driving increasingly 
uncertain ocean conditions that impact international 
and domestic socio-ecological systems, and the 
challenge to monitor basin-scale events and connect 
them to these conditions cannot be addressed 
by one country. With a moderate but focused 
investment, a partnership approach that leverages 
the investments and shared science and logistics 
capacity of multiple governments, First Nations, 
academia, the private sector, and NGOs, coupled 
with the application of new technologies, can make 
the transformational change needed to allow our 
socio-ecological systems to respond more effectively 
to a rapidly changing environment.

An Immersion of Technology to Effectively 
Monitor a Vast Ocean

Monitoring the ocean can be extremely costly, 
especially if shipboard observations are required. 
However, new technologies such as ocean gliders, 
saildrones and remote acoustic monitoring 
(ROAM), can take on uncrewed surveys of physical 
conditions and biota, making large ecosystem 
surveys less expensive and more efficient. 
Government, academic, NGO, and private sectors 
are rapidly developing and applying these tools. 
With coordinated deployment and research and 
development, these tools have the potential to make 
large-scale ocean surveys more achievable on an 
ongoing basis, and potentially at finer spatial and 
temporal scales than would be possible with vessels. 

A Vision to Rapidly Turn Data into Advice for 
Decision Makers

Responding quickly to changing conditions 
demands rapid access to data, an underlying 
knowledge of how climate/ocean mechanisms 
affect socio-ecological systems, and subsequent 
rapid analyses of impacts and communication with 
decision makers. Recent developments in graph 
database technology have revolutionized the rapid 
assessment of a consumer’s interest followed by 
targeted online advertising. This same technology 
can transform the way we monitor and respond to 
the rapidly changing ocean. It can connect people 
and machines with relevant data, creating an 
ocean intelligence system. The currency for this 
system will be the availability of standardized data. 
Collaboratively, the lead organizations and the 
consortium of partners in BECI can bring together 
the people, data, and technology needed to make 
this vision a reality.

Over the course of the Ocean Decade, elements 
of monitoring and analytical tools will be developed 

A photo of the High Seas taken during the 2019 International 
Gulf of Alaska Expedition aboard the R/V Professor 
Kaganovskiy. Photo credit: Chrys Neville

and implemented. The 2022 IYS Pan-Pacific 
Winter High Seas Expedition is slated to be framed 
as the launch of the BECI program since it will 
bring together key partners and stakeholders, 
provide early observations across the North Pacific 
Ocean, and allow for the preliminary testing of a 
number of novel technologies and tools, including 
environmental DNA, uncrewed autonomous 
vehicles (UAVs), and data mobilization frameworks. 
During 2023–2027, integrated ocean models, data 
acquisition and synthesis systems, and decision 
support tools would be developed, and research 
expeditions would conduct mechanistic studies 
needed to ensure the design of the monitoring 
system will be at appropriate spatial and temporal 
scales to couple salmon and related ecosystem 
features. In 2028, refined winter and summer 
Pan-Pacific expeditions would be conducted with 
implementation of an enduring system by 2030 that 
will link climate, ocean ecosystems, fisheries, and 
communities.
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The overall outcomes of BECI will include: 

• The implementation of a sustainable 
international ocean intelligence system 
that monitors and assesses the impact 
of climate/ocean events in epipelagic 
ecosystems of the North Pacific Ocean.

• The intelligence system is supported 
by basin-wide science cooperation 
arrangements that include a consortium of 
government, NGO, Indigenous, academic and 
private agencies that fund the monitoring, 
research and facilitate operational linkages 
to international and domestic management/
decision-making bodies for the timely use of 
the generated intelligence;

• A socio-ecological graph database 
facilitates the rapid connection of ocean-
related knowledge holders and decision 
makers with information about events, 
people, activities, ideas, and data;

• An international modeling team that 
synthesizes current and future states of open 
ocean and coastal ecosystems and assesses 
short-term and long-term impacts on open 
ocean and coastal resources.

• Management systems and communities that 
rely on salmon and other marine species 
understand factors affecting ocean production 
and the potential effects on people.

This intelligence system will provide the capacity 
to answer long-standing questions about the decline 
in marine productivity of salmon and other species 
in the epipelagic zone, as well as inform a wide 
range of decisions related to fisheries management, 
fisheries compliance, food security, seabed mining, 
aquaculture, the efficacy of ecological restoration 
and more.

The IYS team continues to work with partners to 
refine this proposal. To date, there has been broad 
interest from governments, NGOs, and RFMOs. We 
and our partners see merit in pushing the program 
forward. The ideas behind the BECI program that 
aligns with the PICES decade program should also 
be considered for the new NPAFC Science Plan, 
which is set to take effect in 2023. We need to take 
advantage of the momentum generated by the UN 
Decade and leverage the work completed as part 
of the IYS to build an inclusive ocean intelligence 
system that can help address the uncertainties that 
salmon and the people that rely on salmon face in a 
rapidly changing world.

Eiko Jones Photography
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Minje Choi was born 
and raised in Busan, 
Republic of Korea. Since 
the ocean surrounds 
Busan, he naturally fell in 
love with the ocean. While 
an undergraduate student, 
he found his passion 
for sustainable fisheries 
resources while working as 
an intern at the Ministry of 
Fisheries in Fiji. After he 
graduated from Pukyong 
National University (PKNU) 

in 2017 with two bachelors’ degrees in Marine Business 
Economics and International Development, he decided 
to continue his studies at graduate school to learn 
fisheries resource management. During his time at 
PKNU, as a graduate student, he participated in several 
projects relating to fisheries resource management 
in Korea including “A study on the effects of setting 
total allowable catch (TAC) and catch limit” where 
he took a significant role. Minje has published four 
research papers and most relate to the application of 
Bayesian statistics to fisheries resource assessment 
and management. In recognition of his efforts, he 
received two awards from international conferences—
one award was received from the PICES for his 
research of applying the Bayesian state-space model 
to the bioeconomic analysis for Korean fisheries. 
Minje graduated with a master’s degree in Business 
Administration in February 2020 and the main subject 
of his thesis was the Bioeconomic analysis of small 
yellow croaker (Larimichthys polyactis) for fisheries 
management.

Science

Stock Assessment of Natural and 
Hatchery Origin Pink, Chum, and 
Sockeye Salmon in the North Pacific 
Ocean, 1925–2015 Using Bayesian 
State-space Surplus Production 
Model

By Minje Choi 
2020 NPAFC Intern

1. Introduction

Pacific salmon (Oncorhynchus spp.) are one of 
the most commercially and culturally important 
fish genera in the North Pacific basin. Pacific 

salmon not only contribute economically through 
valuable commercial and recreational fishing sectors 
in Canada, Japan, Korea, Russia, and the United 
States, but also are an important species from 
cultural, nutritional, and ecological perspectives 
(Criddle and Shimizu 2014; Gislason et al. 2017). 
Reflecting this, salmon production from fisheries 
and aquaculture continues to rise globally (FAO 
2020a; FAO 2020b). In 2016, salmonids including 
Pacific salmon, aquaculture Atlantic salmon, and 
rainbow trout were the top six fish families together 
with cyprinids, scombroids, clupeids, gadoids, and 
cichlids, which provide nutrition to humans, and 
among the top four families for actual marine fish. 
In addition, the trade volume of salmon exceeded 
shrimp in 2016 and topped the list of fisheries 
products globally, and trade volume is one of the 
largest among fisheries products (FAO 2020c).

Salmon catches in the North Pacific have 
accounted for the majority of salmon caught 
globally. Since international commercial fishing 
of Atlantic salmon was restricted in 2002, the 
importance of Pacific salmon catches became more 
important. Pacific salmon catches in five countries 
(Canada, Japan, Korea, Russia, and the United 
States), belonging to the North Pacific Anadromous 
Fish Commission (NPAFC), account for more than 
99% of the reported salmon catches globally (FAO 
2020a). Despite the fishing restrictions, Atlantic 
salmon biomass has not seen any recovery (Rivot 
et al. 2019). Consequently, the importance of 
Pacific salmon and the influence of NPAFC member 
countries in salmon fisheries globally is expected to 
continue.

Salmon hatchery releases have been carried 
out since the late 19th century in an attempt 
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uncertainty is likely to arise from the data. But since 
the study simply multiplied the annual numerical 
abundance by the average weight for each salmon 
species, it did not incorporate the uncertainty 
associated with the data.

Bayesian state-space surplus production models 
(BSSPM) can estimate the overall status of fisheries 
biomass by time series by considering both the 
process errors that occur in the estimated model and 
the observation errors that occur in the observation 
data (Meyer and Millar 1999; Bolker 2008). 
Because BSSPM can consider both process errors 
and observation errors, the model was evaluated 
as superior to the model that can only consider 
either process error or observation error (Choi and 
Kim 2019; Choi et al. 2019). In addition, BSSPM is 
widely used in fisheries stock assessment for data-
limited fisheries because they can evaluate fisheries 
resources using only catch and relative abundance 
index data such as catch-per-unit-effort and trawl 
survey data. For instance, this model has been used 
to assess the biomass of South Atlantic swordfish 
(Winker et al. 2018), South Atlantic albacore (Millar 
and Meyer 2000), New Zealand’s western hoki 
(McAllister et al. 1994), Hawaiian green sea turtle 
(Chaloupka and Balazs 2007), Indian Ocean bigeye 
tuna (Otsuyama and Kitakado 2016), Indian Ocean 
black marlin (Parker et al. 2018), and Korean black 
scraper (Choi et al. 2020).

In this study, a BSSPM was used to estimate the 
biomass of salmon in the North Pacific region using 
catch data (metric tonnes) from NPAFC (2020) and 
salmon return data (biomass of salmon returning to 
freshwater to spawn plus biomass caught in fisheries 
in metric tonnes) from Ruggerone and Irvine (2018). 
Salmon return data was chosen as abundance 
index data since it is hard to get standardized catch 
effort data from the five NPAFC member countries, 
and it seems the return of salmon can represent 
the relative abundance index well. The BSSPM 
can consider the uncertainty that occurs from the 
biomass dynamic model and the standardized data 
while estimating the biomass. Since the available 
data from Ruggerone and Irvine (2018) is from 
1925 to 2015, the BSSPM was used to estimate the 
annual biomass and the carrying capacity of pink 
(Oncorhynchus gorbuscha), chum (Oncorhynchus 
keta), and sockeye (Oncorhynchus nerka) salmon in 
the North Pacific region over this same time-period.

2. Materials and Methods

2.1 Materials

North Pacific salmon catch data by country 
and species are easily accessible on the NPAFC 
website (NPAFC 2020). The salmon species mainly 

to support struggling wild North Pacific salmon 
stocks (Kobayashi 1980; Roppel 1982; Gardner 
et al. 2004). In 1952, the number of salmon 
released from hatcheries into the North Pacific by 
NPAFC member countries was approximately 272 
million fish and releases increased rapidly in the 
1970s. Approximately five billion hatchery-origin 
salmon have been released annually since 1988. 
Specifically, the fish species that account for a 
large proportion of salmon released based on the 
2015–2019 average are chum (3,256 million), pink 
(1,327 million), sockeye (253 million), Chinook (244 
million), coho (80 million), steelhead (21 million), 
and cherry (8 million) (NPAFC 2020).

 Efforts to assess the overall status of populations 
of salmon have been relatively limited compared 
to the efforts expended to enhance and conserve 
these species. One of the reasons for this is 
the anadromous nature of the salmon lifecycle, 
particularly the vast areas that salmon cover in 
the marine phase of their lifecycle, which makes 
biological research more challenging than non-
anadromous fish species. There are also limited 
unified data among NPAFC member countries to 
inform stock assessments other than catch and 
hatchery release information. As a result, stock 
assessments of North Pacific salmon have been 
limited to regional, and relatively simple statistics 
(Irvine and Fukuwaka 2011; Irvine et al. 2018).

Ruggerone and Irvine (2018) estimated pre-
fishery numbers and biomass of wild and hatchery-
raised pink, chum, and sockeye salmon in regions 
of the North Pacific Ocean from 1925–2015. They 
compiled the annual data on catches, spawner 
abundance, harvest rates, and abundance of wild 
and hatchery-origin salmon from the Republic of 
Korea, Japan, Russia, Alaska (AK), British Columbia 
(BC), Washington State, and the Columbia River. 
This study is particularly important as it provided 
estimates of biomass for pink, chum, and sockeye 
salmon in the North Pacific by standardizing data 
from different countries. To unify the data from the 
five NPAFC member countries, the authors made 
several assumptions. They 1) interpolated some 
intermittently missing spawning data in BC and AK 
based on trends in stocks from the same region with 
existing data; 2) adjusted the spawning abundance 
in northern BC and parts of AK to deal with the 
underestimated problem because coverage of 
spawning areas from the regions was incomplete; 3) 
approximated spawning abundance and total adult 
abundance values from catch data and harvest rate 
estimated in Asia; and 4) replaced the data from a 
few areas that have low abundances and low fishing 
efforts by fishing efforts and/or the harvest rates 
of other monitored species. Even though the above 
assumptions are reasonable, it is unavoidable that 
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caught in the North Pacific are chum, sockeye, coho 
(Oncorhynchus kisutch), Chinook (Oncorhynchus 
tshawytscha), and pink salmon. As seen in Figure. 
1, the average proportions of salmon species caught 
in the North Pacific from 2015 to 2019 were pink 
(49%), chum (29%), sockeye (18%), coho (3%), 
and Chinook (1%).

Pink salmon catches fluctuate greatly between 
genetically isolated odd and even-years due to their 
two-year life cycle (Irvine et al. 2014), but overall, 
the catch continued to increase after hitting its 
lowest level in the early 1970s. In the case of chum 
salmon, after reaching the lowest recorded levels 
in 1960 at 65,000 metric tonnes (MT), catches 
peaked at 400,000 MT in 1996 after which they have 
declined slightly. Sockeye salmon catches reached 
their lowest level of 39,000 MT in 1975, then rose to 
a peak of 245,000 MT in 1993, after which catches 
dropped dramatically in 1998 and have increased 
slightly since then.

North Pacific salmon returns by species estimated 
by Ruggerone and Irvine (2018) are seen in Figure 
2. Specifically, this data estimated biomass of 
returns of each salmon species in the North Pacific 
Ocean using catch and escapement data of wild 
and hatchery-origin adult pink, chum, and sockeye 
salmon.

Pink salmon showed the lowest return in 1973 
for odd and 1950 for even years, estimated at 225 
thousand MT and 171 thousand MT respectively, 
after showing a declining trend since the 1940s. 
Since then, pink salmon return has increased in 
both odd and even years. The return of chum 
salmon declined from 475 thousand MT in 1936 to 
its lowest level (130 thousand MT) in 1969. It had 
since increased to its highest level (570 thousand 
MT) in 1996. For sockeye salmon, return declined 
to the lowest of 86 thousand MT in 1972, after 
reaching 256 thousand MT in 1938. It has since 
increased to its maximum level (323 thousand MT) 
in 1993 and has slightly declined since. Looking at 
the overall changes in salmon returns, the return of 
all three species recovered after hitting the lowest 
level during the late 1960s and early 1970s. Since 
the 2000s, the return of each species has remained 
relatively stable.

2.2 Methods

The biomass dynamic model, utilized in the 
BSSPM, describes the current amount of biomass 
as a relationship between the past biomass, the 
growth in population size of the fish stocks, and 
the total catch. The Pella-Tomlinson form (Pella and 
Tomlinson 1969) of the biomass dynamics function 
is used to assess the biomass of salmon. Since the 
form has the shape parameter m, which can control 
asymmetry of the sustainable yield versus stock 
biomass relationship, it can represent the Schaefer 
form (Schaefer 1954) with m=2 and the Fox form 
(Fox 1970) with mg1 those widely used in fisheries 
stock assessment. The biomass at time t (Bt) is 
reparametrized into a biomass-to-carrying capacity 
(K) ratio (Pt = Bt/K) for speed mixing. The surplus 
production function is then:

Figure 1. Commercial catches of chum, sockeye, coho, 
Chinook, and pink salmon in the North Pacific Ocean by NPAFC 
countries, 1925–2019.

Figure 2. Returns (catch and escapement) of chum, sockeye, 
and pink salmon to Asia and North America in the North 
Pacific from 1925–2015 (Ruggerone and Irvine 2018).

Pt = Pt-1 +         Pt-1(1-Pm-1)-      (1)t-1(m-1)
r

K
Ct-1

Pt~lognormal(Pt,σ2)    (2)

where r denotes the intrinsic growth rate of fish 
stocks, Ct denotes catch at time t, and σ2 is process 
error.

The results of Bayesian state-space surplus 
production can be obtained by the relationship 
between equation (1) and the abundance index 
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(It), if It is assumed to be proportional to the true 
abundance index through the catchability coefficient 
(q).

It=qKPt      (3)

It~lognormal(It, τ2)     (4)

where τ2 denotes observation error.

BSSPM can estimate each parameter by inferring 
the posterior distribution. According to the Bayes’ 
theorem, the joint posterior distributions of 
each parameter can be calculated by combining 
the prior distribution, p(K)p(r)p(q)p(σ2)p(τ2)
p(P1│σ2)×∏i=2p(Pt│Pt-1,K,r,σ2), established from prior 
information and the likelihood, ∏t=1p(It│Pt,q,τ2), 
derived from the observation data.

       (5)

p(K,r,q,σ2,τ2,P1,...,Pn,I1,...,In ) = p(K)p(r)p(q)p(σ2)p(τ2)
p(P1│σ2)×∏i=2p(Pt│Pt-1,K,r,σ2)∏t=1p(It│Pt,q,τ2) 

Setting prior distributions refer to Meyer and 
Millar (1999) and Choi and Kim (2020). Non-
informative K, q, and informative r values are 
selected for the calculation of the parameters for 
estimating Pacific salmon biomass.

r ~ log-normal (-0.69, 0.512)

K ~ Inverse-gamma (0.001, 0.001)

q ~ Inverse-gamma (1, 1)

σ2 ~ Inverse-gamma (3.79, 0.01)

τ2 ~ Inverse-gamma (1.71, 0.01)

WinBUGS (v1.4.3) program exploits the Markov 
chain Monte Carlo (MCMC) simulation using Gibbs 
sampler to derive the joint posterior distributions. 
The MCMC simulation using Gibbs sampling involves 
a probabilistic estimation of posterior distributions 
through random sampling and replaces the 
multidimensional integral calculation required by 
extracting the variables sequentially from conditional 
probability distributions.

simulate   K(1)~f (K│r(0),...,τ2(0),p1
(0),...,Pn

(0),I1
(0),...,In

(0))

simulate   r(1)~f (r│K(1),q(0),...,τ2(0),p1
(0),...,Pn

(0),I1
(0),...,In

(0))

       

simulate   In
(1)~f (In│K(1),r(1),...,τ2(1),p1

(1),...,PN
(1),I1

(1),...,I(n-1)

n

n

n n

(1)

By performing the above process z times, the 
posterior distribution for each parameter of interest 
can be estimated, using Eq. (6):

       (7)

K(θ(z+1),θz) =         
          ∏i=1f (K(z+1)│r(z+1),...,τ2(z+1),P1

(z+1),...,Pn
(z+1),I1

(z+1),...,In
(z+1))     

3. Results

A total of 300,000 samples were collected and 
used to obtain estimates based on the BSSPM. 
Among them, the initial 50,000 samples that 
were not consistent with the posterior distribution 
were discarded by setting this as the burn-in 
period. Furthermore, every twenty-fifth sample 
was extracted to minimize the sample correlation 
observed during the extraction process. Finally, 
the posterior distribution was formed using 10,000 
samples.

According to the estimated parameters of chum, 
sockeye, and pink salmon using the BSSPM, pink 
salmon have a slightly higher intrinsic growth rate 
(r) value than chum and sockeye salmon (Table 1). 
This seems to be due to pink salmon's rapid growth 
into adults with a slightly shorter life cycle than 
other Pacific salmon, and the influence of evaluating 
every two years by dividing even- and odd-year 
salmon. It is also estimated that odd-year pink 
salmon have the highest carrying capacity, followed 
by chum salmon, even-year pink and sockeye 
salmon.

As shown in Figures 3 and 4, salmon biomass 
declined after 1939, reaching its lowest level in 
the late 1960s. It subsequently recovered and has 
fluctuated at a similar level since the late 1990s. 
Chum salmon account for the largest portion of 
biomass among the three salmon species examined 
in this study (Fig. 3[A]), and sockeye salmon 
account for the smallest (Fig. 3[B]). Biomass of odd-
year pink salmon exceeds even-year except for the 
1920s (Fig. 3[C] and Fig. 3[D]).

Hatchery and natural-origin salmon were 
distinguished in biomass estimates using the ratio of 
hatchery-origin and natural-origin salmon calculated 
from Ruggerone and Irvine (2018) as seen in Figure 
5. Chum salmon's biomass has declined since 1936 
to reach its lowest level in 1969 and has increased 
significantly since the 1970s (Fig. 5[A]). Recently, 
the biomass of chum salmon is estimated to exceed 
carrying capacity. Hatchery-origin chum salmon 
accounted for a large portion of the increase in the 
biomass of chum salmon, with an average of 49% 

n

...

(6)
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Parameter Chum Sockeye Pink

Odd-year Even-year
r 0.17 0.27 0.31 0.37

K (MT) 4,372,000 1,836,000 4,463,000 2,809,000

q 9.46E-05 1.35E-04 1.49E-04 2.58E-04
m 1.907 2.322 2.612 2.666
σ2 0.00002 0.00003 0.00005 0.00003
τ2 0.00480 0.01492 0.00442 0.00952

Table 1. Results of the Bayesian state-space surplus production model (BSSPM) of chum, sockeye, and 
pink salmon.

Figure 3. The 2.5th, 50th (median), and 97.5th percentiles from the posterior distribution of chum, 
sockeye, and pink salmon’s estimated biomass in the North Pacific Ocean from 1925–2015.

Figure 4. Estimated biomass of chum, sockeye, and pink 
salmon in the North Pacific Ocean from 1925–2015.

of the total biomass in 2011–2015. In particular, it 
is analyzed that chum salmon's stock has exceeded 
the carrying capacity since 1994 due to the influence 
of the hatchery-origin chum salmon.

In the case of sockeye salmon, biomass declined 
after 1938, remained below the biomass at 
sustainable yields (BMSY) level until 1976, and then 
increased rapidly, indicating a biomass level had 
exceeded the carrying capacity in 1990–1995 (Fig. 
5[B]). Although it has slightly declined since then, 
it has been estimated that it continues to maintain 
higher levels of biomass than BMSY until 2015. 
Hatchery-origin salmon account for an average of 
about 3% of sockeye salmon total biomass between 
2011 and 2015.
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The biomass of pink salmon (odd-year) was 
below BMSY in the 1920s (Fig. 5[C]). Biomass 
increased rapidly after 1927 and exceeded BMSY 
levels in 1931–1959. After then, biomass decreased 
lower than the BMSY level in 1961–1975. After 
reaching its lowest biomass level in 1973, the 
biomass has increased gradually and has exceeded 
carrying capacity since 2003. It is shown that 
hatchery-origin pink salmon (odd-year) accounted 
for an average of about 16% of the total biomass of 
pink salmon (odd-year) between 2011 and 2015.

Pink salmon (even-year) biomass has declined 
since 1926 and fell below BMSY level from 1944 to 
the 1980s (Fig. 5[D]). However, since it had reached 
the lowest biomass level in 1972, it has gradually 
recovered and has recently exceeded the BMSY level. 
In particular, after 1990, it is estimated that natural-
origin salmon alone could exceed BMSY levels for 
most years.

4. Discussion

This stock assessment of chum, sockeye, and 
pink salmon has confirmed that the biomass of 
salmon in the North Pacific during 1980–2015 has 
been relatively high. In particular, the salmon stocks 
studied had declined until the 1960s but recovered 
after 1970. Recently, the biomass of most salmon 
estimated in this study is shown to be above or close 
to the carrying capacity, with the only exception 

Figure 5. Estimated biomass trends of chum, sockeye, and pink salmon (odd- and even- year) in the 
North Pacific Ocean from 1925–2015.

being pink salmon (even-year), and even the 
biomass of pink salmon (even-year) is evaluated to 
be above the BMSY level. This is expected to be due 
to salmon conservation efforts, such as hatchery 
releases, that have had positive impacts on the 
recovery of salmon resources.

Chum salmon are the most abundant salmon 
in the North Pacific and appear to be exceeding 
carrying capacity recently. Chum salmon abundance 
is strongly influenced by hatchery releases. Natural-
origin chum salmon have recovered steadily since 
1970 but increases in hatchery-origin chum salmon 
are the primary reason for the overall increase in 
chum salmon's biomass. Based on the 2011–2015 
average, nearly half of total chum salmon, 49%, is 
estimated to be hatchery-origin salmon. Considering 
that total chum salmon biomass has exceeded 
the carrying capacity since 1994, the increase 
in hatchery-origin chum salmon might affect the 
habitats and environment of other fish species as 
well as natural-origin chum salmon. Therefore, 
additional studies might be needed to determine the 
appropriate number of hatchery-origin chum salmon 
releases.

The biomass of sockeye salmon is estimated to 
be above the BMSY level after 1977. In the case of 
Sockeye salmon, hatchery-origin salmon accounted 
for the smallest portion of the total biomass among 
three salmon species (~3%). Nevertheless, there 
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has been a significant increase in the biomass of 
sockeye salmon since 1976. This increase is largely 
due to the positive impact of policies such as 
sockeye spawning channel construction implemented 
from 1963 to 1973 by the Pacific Salmon 
Commission (PSC). The timing of the significant 
increase of the biomass of sockeye salmon and 
the increase of enhanced sockeye salmon release 
coincides in the late 1970s (Beamish et al. 1997). 
Therefore, it may be necessary to consider the 
impact of the hatchery-origin sockeye salmon 
release on the natural-origin sockeye salmon's 
biomass.

As anticipated, it is estimated that there are 
differences in the amount of biomass between odd-
year pink salmon and even-year pink salmon. It is 
estimated that odd-year pink salmon are generally 
more abundant than even-year pink salmon except 
in the 1920s. Both the biomass of odd-year and 
even-year pink salmon had increased since the 
1970s, but odd-year pink salmon's biomass has 
continued to increase after the 2000s, while even-
year pink salmon's biomass has decreased slightly 
since the 2000s. Furthermore, the biomass level 
of odd-year pink salmon is estimated to exceed 
carrying capacity in recent years with hatchery-
origin salmon, while the biomass levels of even-year 
pink salmon have been relatively lower than that of 
odd-year pink salmon. This biomass trend coincides 
with the result suggested by Irvine et al. (2014) 
that recent climate change conditions are benefiting 
odd-year returning pink salmon more than even-
year pink salmon. In addition, if we look for why the 
biomass trends of the pink salmon differ between 
odd-year and even-year, it is expected to help 
provide us a better understanding of the life cycle 
of salmon and impacting factors that may influence 
salmon's survival rate.

Comparing the biomass estimated in this study 
to the calculated biomass from Ruggerone and 
Irvine (2018), both estimated that chum salmon 
have the largest overall biomass and sockeye 
salmon have the lowest among the three species. 
Furthermore, the overall biomass trends from the 
two studies are similar. Both results show that the 
biomass of salmon has decreased since the late 
1930s and reached its lowest point at the end of the 
1960s. Since the biomass of chum, sockeye, and 
pink salmon have increased since the early 1970s, 
the trends of salmon biomass in this study are 
consistent with the previous study—the biomass of 
chum, sockeye, and pink salmon are more abundant 
now than ever. Finally, the estimated biomass of 
each species in this study supports the idea that the 
carrying capacity may have been reached in recent 
decades as suggested by Ruggerone and Irvine 
(2018).

The main limitation of this study is that stock 
assessment was conducted for the entire North 
Pacific salmon population without considering each 
regional group of salmon. Since the population of 
salmon is divided by region (Beacham et al. 2009), 
more accurate stock assessment results could be 
obtained if the stock of salmon were conducted by 
considering regional groups. So, the next level of 
applying the stock assessment model for the salmon 
biomass estimate should be conducted considering 
each regional group of salmon population.

Another limitation of this study is that stock 
assessments could not be conducted on each 
hatchery-origin salmon and natural-origin salmon 
since catch data are not divided by hatchery-origin 
and natural-origin. Furthermore, due to the same 
problem, the reference points for fisheries stock 
management such as Maximum Sustainable Yield 
(MSY) are not recommended since hatchery-origin 
salmon could lead to overestimating those reference 
points. In addition, since it is hard to get all fishing 
effort data for North Pacific salmon from the five 
NPAFC member counties, the estimation of fishing 
intensity could not be conducted. Finally, due to 
the limitations of biomass data, stock assessments 
of Chinook and coho salmon were not conducted, 
which is unfortunate considering the recent decline 
in fish catches of Chinook and coho salmon.

In this study, the BSSPM was used to evaluate 
the biomass of chum, sockeye, and pink salmon 
in the North Pacific. The BSSPM is the pre-attempt 
model that is conducted when available data are 
limited, so the biological characteristics of salmon 
and the impact of climate change on salmon cannot 
be considered. However, the impacting factors that 
can influence the dynamics of salmon biomass 
do vary. These include prey conditions, ocean 
temperature, relationships with other species, and 
more. More detailed and accurate salmon stock 
assessments can be conducted if biological and 
ecological data on salmon are collected and studied 
through the IYS (International Year of the Salmon) 
Pan-Pacific Winter High Seas Expedition in 2022.
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Science

Biological Monitoring of a Pink 
Salmon Population in Hokkaido, 
Japan

Introduction

Pink salmon (Oncorhynchus gorbuscha) is the 
second most abundant Pacific salmon species 
caught along the Japanese coast after chum 

salmon. Most of them are caught by setting trap 
nets along the eastern coast of Hokkaido from July 
to September (Sahashi 2021). After returning to the 

Hokkaido coast, they migrate upstream to the rivers 
flowing into the Sea of Okhotsk and Nemuro Strait 
from August to October and spawn in the middle 
and lower reaches of the rivers. The fry that emerge 
migrate to the ocean from April to June in Hokkaido 
(Kobayashi and Harada 1966). In addition, because 
most pink salmon mature in two years (see Torao 
2014 for rarely caught one-year-olds known as 
“jacks”), there is reproductive isolation observed in 
the brood stocks of adjacent years (odd- and even-
year brood stocks) (Heard 1991), and even and odd 
brood year stocks show different fluctuations.

Biological Characteristics

Although we do not have as much knowledge 
about the basic biology of this species as we do 
about chum salmon (Oncorhynchus keta), we have 
accumulated some interesting information which is 
detailed below. In general, salmonids return to their 
natal rivers for reproduction, and straying into non-
natal rivers is relatively rare (e.g., Hasler and Scholz 
1983); however, the stray rates of pink salmon are 
known to be higher than those of other salmonids 
(Quinn 1993; Hendry et al. 2004).

Mass mark research revealed that 43.2–83.7% 
of released pink salmon returned to their natal river, 
but the others returned to non-natal rivers (Torao 
and Miyamoto 2015). Genetic differences were 
evident between even- and odd-year brood stocks in 
the same river (Yamada et al. 2012), although there 
were no genetic differences between brood stocks 
among rivers within the same age group (Torao and 
Yanagimoto 2015, 2017). These results suggest 
that the degree of genetic differentiation in the pink 
salmon populations among the rivers in Hokkaido is 
small. On the other hand, morphological variations 
among run timings, regions, and regional similarities 
in stock fluctuation patterns have been observed 
(Hoshino et al. 2008; Shimoda et al. 2010; Ando et 
al. 2010; Sahashi and Yoshiyama 2016), and pink 
salmon populations in Hokkaido may form a loose 
regional group (Hoshino et al. 2008). Variation in 
morphological characteristics of male fish at maturity 
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among spawning sites was also observed (Sahashi 
2016). In the Tohoro River system, where intensive 
hatchery programs have been implemented, small-
sized pink salmon populations that reproduce in 
a specific tributary have been observed, and the 
population may reproduce independently of hatchery 
fish (Torao et al. 2011).

Enhancement and Stock Status

In Hokkaido, 100–150 million pink salmon fry 
are released annually (Fig. 1). In the 1990s, coastal 
catches increased rapidly, peaked in 1996, and then 
began to decline (Saito et al. 2016, Fig. 1). Until 
1991, the catches of odd-year brood stocks were 
higher than those of even-year brood stocks, but in 
1992, even-year brood stocks surpassed odd-year 
stocks. Following that, there have been complex 
fluctuations in stock levels, in which the dominant 
brood stocks were replaced from even-year to odd-
year in 2003, and the relationship changed again in 
2016. After 2016, the stock level of even-year brood 
stocks recovered, but that of odd-year broods have 
remained quite low.

Morita et al. (2006) reported that most pink 
salmon in Hokkaido are maintained by wild 
stocks, and fluctuations in recruitment due to 
natural spawning have a significant effect on stock 
fluctuations. Torao et al. (2010) reported that 
up to half of the pink salmon fry descending the 
Tohoro River, an enhanced river mentioned above, 
in Eastern Hokkaido were wild fish. Ohnuki et al. 
(2015) estimated that contribution of hatchery fish 
to the total coastal catch of pink salmon in Hokkaido 
ranged from 16.6–26.4%, and it supported the 
results of Morita et al. (2006). On the contrary, since 
it has been confirmed that most of the released fish 
stray into rivers other than their natal river (Fujiwara 
2011), the high straying rate may have caused an 
underestimation of the amount of released fish. In 
addition, Ohnuki et al. (2015) found that only some 
of the released fish were otolith marked, and the 

Figure 1. Number of adult returns (commercial catch + river 
catch for the hatchery stock enhancement program) and the 
number of juveniles released for pink salmon in Hokkaido, 
Japan, 1969–2020.

estimation of the proportion of released fish may 
include errors.

As such, the contribution of released fish 
to Hokkaido's pink salmon stocks has been 
underestimated, and since 2018, all pink salmon fry 
released in Hokkaido have been otolith-marked to 
accurately assess the effect of hatchery fish. This 
study is a collaborative effort between the Salmon 
and Freshwater Fisheries Research Institute, Japan 
Fisheries Research and Education Agency, and the 
Kitami, Nemuro, and Soya Salmon Enhancement 
Program Associations. Over the past two years, the 
survey has confirmed that released fish are straying 
into rivers in a wide range of areas and that the ratio 
of released fish to pink salmon stocks has fluctuated 
from year to year. As this study will be completed 
with a return survey in autumn 2022, new findings 
on the details of the stock structure and the 
mechanism of stock fluctuation of pink salmon in 
Hokkaido will be published in the near future.

Wild Populations

More accurate information on the proportion of 
wild populations to pink salmon stocks in Hokkaido 
will be available soon, but previous studies on the 
natural reproduction of pink salmon mentioned 
above, and in the literature, indicate that wild fish 
significantly contribute to the stock level (Miyakoshi 
2006; Yokoyama et al. 2010; Torao et al. 2010; Iida 
et al. 2014) and help maintain a healthy ecosystem 
(Koshino et al. 2013). Therefore, to increase pink 
salmon stocks, it is important not only to improve 
the effectiveness of stocking but also to manage wild 
fish. Recent studies have also reported a decline in 
the fitness of released pink salmon in Alaska (Laskac 
et al. 2019a, 2019b), and wild stock management 
will become increasingly important in Hokkaido.

On the contrary, many of the rivers in Hokkaido 
are fragmented by damming structures, and 
many spawning and nursery habitats have been 
lost (Fig. 2). Urabe et al. (2013) evaluated the 
potential recovery of the spawning habitat for  
Pacific salmon (chum, pink, and masu salmon) 
through the improvement of the upstream migration 
environment, suggesting that dam removal and/
or installing fishways could be an effective way to 
recover wild salmon stocks in Hokkaido (Fig. 3). 
Based on these results, we plan to estimate the 
amount of wild salmon recovery by improving the 
upstream migration environment for Pacific salmon. 
In the Shiretoko World Heritage Area, the recovery 
of wild stocks through habitat restoration is already 
underway (Nakamura and Komiyama 2010, Fig. 4), 
and monitoring surveys were conducted to evaluate 
the effects of this restoration (Fig. 5). We hope that 
combining the improvements in hatchery techniques 
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Figure 2. Habitat loss by migration barriers, reservoirs and check dams (low-head dams for sediment control), in Hokkaido 
(~2010). This analysis does not include weirs for agricultural irrigation, so the inaccessible section is an underestimate. If we include 
the influence of those constructions, the length of the inaccessible reaches might be several times more than described here.

Reservoirs

Check dams

953 km (18%)
Sea of Okhotsk

5,749 km (28%)

Sea of Japan

4,063 km (20%)

Pacific Ocean

Accessible
Inaccessible

Figure 3. Potential suitable spawning habitat for Pacific 
salmon (chum, pink, and masu salmon) estimated based on 
particle size of river bed calculated from hydraulic model.

Figure 4. An example of an ongoing dam removal project in 
Shiretoko world natural heritage area. Taken with Dr. Pete 
Rand, chair of IUCN Salmonid Specialist Group, in 2019 at 
Okkabake River.
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and river environment with a continuing exploration 
of the mechanism of stock fluctuation of pink salmon 
will lead to recovery of the stock level in Hokkaido.

Figure 5. An example of partial dam removal in Shiretoko world natural heritage area. Effect of the habitat restoration for the 
Pacific salmons is continuously monitored by managers of the facilities.
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Workshop

A Summary for the Third NPAFC-
IYS Virtual Workshop on Linkages 
between Pacific Salmon Production 
and Environmental Changes

By Shigehiko Urawa 
Salmon Resources Department, Fisheries Resources Institute,  

Japan Fisheries Research and Education Agency, Japan 
Chairperson of the Third NPAFC-IYS Virtual Workshop

The North Pacific Anadromous Fish Commission 
(NPAFC) hosted the Third NPAFC-IYS Virtual 
Workshop on Linkages between Pacific Salmon 

Production and Environmental Changes on May 25–
27, 2021 (PST). The workshop was supposed to take 
place in Hakodate, Japan in May 2020, however, it 
was pushed back to 2021 with a virtual format due 
to the COVID-19 pandemic.

Pacific salmon are facing many challenges 
and uncertainties associated with environmental 
variability and anthropogenic activities. Pacific 
salmon production is decreasing in the southern 
areas, such as Japan, BC, Washington, Oregon, 
and California. Even in northern Russia and Alaska, 
salmon production has seen a decreasing trend in 
recent years. It is more important than ever that 
we promote new international cooperative research 
that provides better scientific information on the 
ecological mechanisms regulating the production 
of anadromous populations and climate impacts in 
North Pacific marine ecosystems.

The NPAFC and North Atlantic Salmon 
Conservation Organization (NASCO) have been 
leading a major initiative entitled “International 
Year of the Salmon (IYS)” since 2018. The IYS 
provides an international framework for collaborative 
outreach and research. These efforts will raise 
awareness of the challenge salmon face for their 
better management in 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 Working Group 
2016). The 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. 
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 (SSC 2016). Progress for the 
research themes has been reviewed at a series 
of workshops: the First NPAFC-IYS Workshop in 
Khabarovsk, Russia, on May 26–27, 2018 (NPAFC 
2018); Second NPAFC-IYS Workshop in Portland, 
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USA on May 18–20, 2019 (NPAFC 2019); and the 
present Third NPAFC-IYS Virtual Workshop (NPAFC 
2021).

The Third NPAFC-IYS Workshop was supported 
by seven partners: Fisheries Agency of Japan, 
Hokkaido Research Organization, Hokkaido Salmon 
Propagation Association, Japan Fisheries Research 
and Education Agency, Japan Salmon and Trout 
Resources Enhancement Association, North Pacific 
Marine Science Organization (PICES), and Tohoku 
Ecosystem-Associated Marine Sciences (TEAMS). 

The Workshop Science Committee (WSC) 
consisted of Jun Aoyama (International Coastal 
Research Center, Atmosphere and Ocean Research 
Institute, University of Tokyo, Japan), Ed Farley 
(Auke Bay Laboratory, NMFS, USA), Jim Irvine 
(Pacific Biological Station, DFO, Canada), Ju 
Kyoung Kim (Inland Life Resources Center, FIRA, 
Korea), Svetlana Naydenko (Pacific Branch of 
VNIRO (TINRO), Russia), Jeongseok Park (NPAFC 
Secretariat), Mark Saunders (IYS Director), and 
Shigehiko Urawa (Fisheries Resources Institute, FRA, 
Japan; Chairperson). J. Park and Aidan Schubert 
(IYS Coordinator) facilitated the live sessions of the 
workshop.

The workshop objectives were: (1) improve 
knowledge of the migration, growth and survival 
of salmon, and their environments; (2) increase 
understanding of the causes of variations in 
salmon production in changing environments; (3) 
anticipate future changes in salmon ecosystems and 
resulting changes in the distribution and abundance 
of salmon; (4) discuss the application of new 
technologies and analytical methods to research and 
management of salmon; and (5) describe policies 
designed to ensure the resilience of salmon and 
people in changing environments.

About 300 people around the world registered 
for the virtual workshop. During three days of 
live sessions, there were 13 keynote and 15 oral 
presentations, and a summary and discussion 
in each of three topic sessions. In addition, pre-
recorded presentations (29 videos and 32 posters) 
were given on the workshop website (https://npafc.
org/workshop21-home/), which will be open to the 
public. Extended abstracts of the presentations are 
included in NPAFC Technical Report 18, which will be 
published by the end of 2021.

Topic 1. Salmon production in changing 
environments

The session was moderated by E. Farley (WSC, 
session co-leader), J. Irvine (WSC, session co-
leader), J.K. Kim (WSC), S. Naydenko (WSC), 

and Hiromichi Ueno (Faculty of Fisheries Sciences, 
Hokkaido University, Japan).

The response of Pacific salmon to climate-driven 
environmental changes is variable and differs by 
species, populations, life stages, geographical 
locations, and 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 salmon life history. This is necessary to 
understand and predict the responses of salmon to 
climate change and other factors, and to prepare 
for future scenarios. 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 commercial catch of Pacific salmon has 
been historically high level (740–1,142 thousand 
metric tonnes) since 1993, but it decreased to 
606 thousand metric tonnes in 2020. As the most 
dominant species, pink salmon catch was 592 and 
525 thousand metric tonnes in 2018 and 2019, 
respectively, but only 279 thousand metric tonnes 
in 2020. The commercial catch of chum salmon has 
been decreasing from 355 thousand metric tonnes 
in 2015 to 165 thousand metric tonnes in 2020. 
Sockeye and coho salmon catches exhibit relatively 
stable (100–183 thousand and 17–39 thousand 
metric tonnes, respectively) in the past two decades.

In Canada, Chinook salmon returns are declining 
throughout their BC and Yukon range, and sockeye 
and coho salmon returns are declining, most notably 
at southern latitudes. Salmon that spend less time in 
freshwater, like pink and chum salmon, 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.

https://npafc.org/workshop21-home/
https://npafc.org/workshop21-home/


Page 46 | NPAFC Newsletter No. 50 |September 2021

In Japan, chum salmon returns have been 
decreasing since a peak in 2004, and further 
declined to early 1980s’ levels during 2016–2020. 
Despite the decreasing trend of abundance, the 
age at maturity and condition factors of adult chum 
salmon have been declining in recent years. Oceanic 
environmental changes (especially high water 
temperature) may influence the metabolism of chum 
salmon.

In the Russian Far East, pink salmon catch 
reached a high in 2018 (511 thousand metric 
tonnes) and declined to 172 thousand metric tonnes 
in 2020, mainly due to low catch in East Kamchatka. 
Chum salmon catch has declined since a peak (143 
thousand metric tonnes) in 2015. Sockeye and coho 
salmon catches are still at a high level, although 
the catch of sockeye salmon declined in 2020. 
The abrupt decrease of Pacific salmon catches in 
2020 may be associated with short-term climate 
variability in the North Pacific.

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 habitats, reduce 
reproductive success, and impact the migration 
of salmon. Increasing water temperatures 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. 

On the west coast of North America, warm 
temperatures in the ocean and freshwater are 

impacting Pacific salmon at every life stage. A 
combination of logging, water withdrawals, and 
warming climate affects smolt characteristics such 
as the body size and migration timing, which can 
influence their marine survival. In California, more 
juvenile Chinook salmon are eaten by largemouth 
bass in warmer river temperatures. 

In a river in eastern Hokkaido, the nutritional 
deterioration of juvenile chum salmon during a long 
downstream migration could reduce their survival. 
Interaction between Heat Shock Protein (HSP47) 
and collagen may be a key factor to regulate the 
temperature tolerance of chum salmon. The cost of 
transport for adult chum salmon migrating upstream 
is saved just below the optimum temperature of 
aerobic scope.

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 aimed to increase our understanding of 
survival mechanisms of juvenile salmon and their 
responses to changing environments including sea 
surface temperature (SST), salinity, currents, prey 
abundance, inter- and intra-specific competition, 
and predators.

Feeding conditions for juvenile salmon during 
their early ocean residence are critical to their 
growth and survival. Diet partitioning may occur 
when food resources are plentiful, and interspecific 
competition for the same prey may occur when food 
resources are lower. In the northern Bering Sea, the 
warming of Arctic ecosystems and its impact on the 
feeding ecology and availability of preferred prey 
may be important factors in the survival of juvenile 
Chinook salmon. In the Strait of Georgia, coho 
salmon production is primarily regulated by ocean 
carrying capacity. Pacific salmon production may be 
closely related to the capacity for the rapid growth 
of juveniles in coastal ecosystems.

Variation in the early survival of salmon has been 
hypothesized to have a major role in determining 
brood year strength. In Japan, there is a clear 
positive relationship between the early survival of 
juvenile chum salmon and adult returns. A cause 
of the recent decrease of chum salmon returns 
might be poor growth of juveniles in coastal waters 
due to climate change, which is diminishing the 
period of their coastal stay and nutrient-rich prey 
abundance. Their inadequate growth may reduce the 
swimming performance against reverse currents, not 

(Flashback to 2003) NPAFC International Workshop on 
Application of Stock Identification in Defining Marine 
Distribution and Migration of Salmon, November 1–2, 2003, 
Honolulu, Hawaii, USA.
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allowing them to successfully migrate to their first 
destination, the Okhotsk Sea.

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 to test this hypothesis. 
The international Gulf of Alaska expeditions were 
conducted in the winter of 2019 and 2020. A high-
resolution SNP analysis confirmed chum salmon 
were a mixture of various populations from North 
America and Asia. The 2019 expedition found a 
frequent occurrence of skinny chum salmon, most 
of which were ocean age 2 or 3 fish. Environmental 
DNA (eDNA) analysis exhibited the presence of large 
predators such as salmon sharks and orca in the 
winter salmon habitat. These findings suggest that 
not only the first winter but also following winters 
are a critical time for the survival of salmon. Chum 
salmon may have a survival strategy to feed less 
overwinter, and the energy content level before the 
winter season and the winter habitat temperatures 
may affect their body condition and survival.

1-5. Linkages between salmon production 
and climate/ocean changes

Improved understanding of linkages between 
environmental changes and salmon production 
will help anticipate the economic consequences of 
these changes. Pink salmon reveal extreme biennial 
patterns of abundance, occupying nearly 70% (by 
number) of all Pacific salmon in 2005–2015. When 
pink salmon are numerous, zooplankton decline, 
often leading to failures in the growth and survival of 
other salmon after their first ocean year, and leading 
to increases in age-at-maturation. The top-down 
processes associated with abundant pink salmon 
affect the ocean ecosystems. In 2018 and 2019, 
more pink salmon returned from the North Pacific 
than during any previous two-year period since 
1925. These exceptional numbers of pink salmon 
may have influenced low returns and the small size 
of Pacific salmon in 2020. 

Warming water temperatures are shifting marine 
distributions of salmon northward. The sub-Arctic 
marine environment may be becoming viable salmon 
habitat. There has been a sharp increase in the 
geospatial and temporal distributions of adult pink, 
chum, and sockeye salmon in the Canadian Arctic 
in recent years. Atlantic salmon are occasionally 
harvested in this area. While these fish are not 
confirmed to be spawning successfully yet, they 
could be the first colonizers in a future range 
expansion to the Canadian Arctic.

Earlier maturation of steelhead trout 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.

Topic 2. New technologies/integrated 
information systems for salmon research and 
management

The session moderators were Kazushi Miyashita 
(Field Science Center for Northern Biosphere, 
Hokkaido University, Japan), Dion Oxman (Alaska 
Department of Fish & Game, USA), Shunpei Sato 
(Fisheries Resources Institute, FRA, Japan), and  
M. Saunders (WSC, 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, otolith/scale 
microchemistry, 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. 

Recent improvements in genetic technologies 
now enable scientists to determine the natal 
origin of individual fish, make inferences about 
a fish’s unsampled parents, and identify genes 
that are associated with specific life-history 
traits. 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. Thus, eDNA is 
valuable as an indicator for the distribution and 
abundance of specific salmon including endangered 
species, and also for their ecological aspects such as 
prey and predators.

Physiological aspects may be relatively lacking 
to understand the ecology of Pacific salmon in the 
changing ocean environment. Insulin-like growth 
factor (IGF)-I and IGF-binding protein (IGFBP)-
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1b are useful physiological tools to assess the 
current growth status of salmon and are good 
complements to other growth indices such as scale, 
otolith, and RNA/DNA ratio. Pacific salmon have an 
amazing ability to return to their natal rivers for 
reproduction. Two different sensory mechanisms 
(olfaction and geomagnetic navigation) are 
involved in the imprinting and homing processes. 
The brain-pituitary-thyroid and brain-pituitary-
gonadal hormones play important roles in olfactory 
memory formation and retrieval. A hypothesis for 
geomagnetic navigation may be evidenced by a 
magnetic field experiment and archival tagging.

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.

IYS Ocean Observation System has been 
developed by the Hakai Institute, working with 
partners in North America. The objective of this 
work is to extend the Global Ocean Observation 
System into salmon ocean ecology by developing 

Essential Ocean Variables through consensus, 
consequently facilitating data synthesis and analysis 
across political and ecological domains.

Topic 3. Resilience for salmon and people: 
lessons from the Great East Japan Earthquake 
in 2011

This special session was moderated by J. Aoyama 
(WSC, session leader), Masahide Kaeriyama (Arctic 
Research Center, Hokkaido University, Japan), and 
S. Urawa (WSC). 

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 was aimed to 
review the impact of the GEJE on salmon, people 
and coastal ecosystems, and their recovery 
processes for human security and risk management. 
Lessons learned from this project could 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 

(Flashback to 2006) Second NPAFC International Workshop on Factors Affecting Production of Juvenile Salmon: Survival Strategy of 
Asian and North American Juvenile Salmon in the Ocean, April 26–27, 2006, Sapporo, Japan.
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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 
introduced the outcomes of TEAMS to understand 
the process and mechanism of restoration in 
coastal ecosystems and the recovery of human 
society. Various studies have been conducted in 
the project to reveal locally specific ecological 
and physiological traits of salmon in Sanriku. 
Salmon have ecologically adapted to the 
local environment, having a long and good 
relationship with people in the area. They have 
great potential to be an icon of Sanriku or a local 
identity that encourages reconstruction of the 
society from the disaster.

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. In the 
spring of 2011, approximately 440 million 
chum salmon eggs/alevins/fry were stocked at 
hatcheries. Although some chum salmon fry were 
released before the disaster, the tsunami swept 
away most of them at coastal hatcheries. The 
reconstruction of damaged hatchery facilities 
started several weeks after the disaster, and the 
facilities were almost recovered in September 
just before chum salmon runs. A long-term 
monitoring program showed the impact of 
GEJE on hatchery chum salmon was limited. 
However, the number of returns is decreasing.  
Retrospective analyses of SST and estimation 
of growth back-calculated from scales for chum 
salmon in the Sanriku coast suggest that warm 
SST since the early 2000s has discouraged these 
fish from migrating off the coast, resulting in 
poor growth and survival. A field survey has 
confirmed more natural chum salmon spawning 
is occurring than expected. Natural spawning and 
wild populations may be key to sustaining the 
chum salmon population in the Sanriku region. 
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.

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 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 disasters, such as 
the GEJE and global warming effects.

Application of lessons learned from the response to 
the GEJE, augmented by knowledge gained elsewhere, 
can mitigate future large-scale ecological disturbance 
effects on this and other coastal ecosystems supporting 
salmon. To prepare for natural disasters, a disaster 
management cycle with hazard mitigation plans should 
include: (1) a good understanding of inter-sectoral roles 
and responsibilities, (2) broad participation (public, 
stakeholders, and experts), (3) effective communication 
approaches, (4) appropriate physical structures with 
large setbacks, (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.

Concluding remarks

The IYS is an international framework for 
collaborative research to understand and conserve 
salmon. There were lots of excellent presentations and 
effective panel discussions to corroborate the progress 
for IYS and NPAFC research themes. The workshop 
could be a good step to achieve IYS goals, one of which 
is to improve scientific understandings for linkages 
between Pacific salmon production and environmental 
changes.

The future of salmon is uncertain. Pacific salmon 
production has been historically high, but now it may 
be reaching a critical point due to rapid environmental 
variability. There are still scientific gaps for the 
mechanisms to regulate Pacific salmon production. 

We need 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, 
global warming may result in significant variability and 
overall declines in the carrying capacity and usable 
habitat of Pacific salmon in the North Pacific Ocean, 
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potentially leading to expanded use of the Arctic 
Ocean. We have to focus on the possible shift of 
salmon distribution due to global climate change, 
and ecological interactions such as the impact of 
pink salmon in ocean ecosystems. 

Effective management tools are required to 
sustain Pacific salmon in changing environments. 

Salmon research and management could be evolved 
by the application of new technologies such as 
genomics, GSI, eDNA, and physiological indices as 
well as by common information systems.

We have learned from the GEJE and other 
disasters that the resilience of salmon and people 
is essential against uncertainties such as a warming 
climate. We should be concerned about how 
to sustain the resilience of salmon in changing 
environments.
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Recipe

Slow-roasted Salmon
Recipe and photos by Andrew Chin 

2020 NPAFC Intern

Low, slow heat and lots of olive oil is a foolproof 
method for making delicious salmon. This 
method can be used with any combination of 

aromatics as the topping right before the fish goes 
into the oven such as onion, garlic, different herbs 
like rosemary, and different spices like coriander 
or togarashi. Even the lemon slices can be sautéed 
first! Feel free to experiment with what you have.

Ingredients

1 fillet salmon (any kind)
4 tbsp olive oil
1 pint cherry or grape tomatoes
1 lemon
1 bunch garlic scapes, chopped (or 4 cloves 

of garlic, sliced)
1 bunch dill
to taste salt and pepper
1 tbsp chili flakes

Slow-roasted Salmon

The ingredients: a salmon fillet, olive oil, grape tomatoes, 
lemon, galic scapes, dill, chili flakes, and salt.

Andrew Chin was born and raised in Seattle, Washington, where he developed a fascination 
with fish at an early age. Andrew earned two bachelor's degrees at the University of Washington 
(UW) in spring 2020, majoring in Aquatic and Fisheries Science and Marine Biology. While at the 
UW, Andrew worked in the lab on Dolly Varden life history and at sea on plankton ecology in the 
equatorial Pacific and Northern California Current. Most recently, Andrew worked as a fish passage 
technician with Washington Department of Fish and Wildlife. During his free time, Andrew enjoys 
being on the water, a mountain, or a bike path. Andrew was an NPAFC intern in 2020 and authored 
an article in the NPAFC newsletter (49: 3–9) addressing biological monitoring of Puget Sound 
Chinook in response to the 2013–2016 eastern Pacific marine heatwave.

https://npafc.org/wp-content/uploads/Newsletters/NWSL.49.pdf#page=3
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Method

1. Pre-heat oven to 275°F/135°C.

2. Pick the dill springs from half of the dill bunch and set aside. Place the other unpicked half on a rimmed 
baking sheet and place the salmon fillet on top.

3. Spread 1 tablespoon of olive oil over the fillet and season with salt, pepper, and chili flakes.

4. Slice a lemon into thin rounds and shingle the slices over the fillet until covered.

5. Heat 3 tablespoons of olive oil in a large pan over medium-high heat. Add scapes or garlic and saute for 
3–4 minutes. Once golden brown, remove the scapes from the heat into a small bowl and set aside.

6. Drop the pint of tomatoes into the oil, then season with salt, pepper, and chili flakes. Cover for 5–10 
minutes, stirring occasionally until the tomato skins have burst.

7. Pour the tomatoes and oil over the salmon, then top with scapes.

8. Place in the oven for about 15–25 minutes, or until the internal temperature of the fish reaches 
120°F/49°C. The fish usually reaches this temperature when the largest part can be easily flaked off with 
a fork. 

9. Serve with rice and a side salad.

The sliced lemon rounds are placed over the salmon fillet 
(step 4).

The seasoned and sautéed grape tomatoes are added to the 
baking tray (step 7).

The salmon fillet is placed over half a bunch of dill on a 
rimmed baking sheet (step 2).

These grape tomatoes have been seasoned with salt, pepper, 
and chili flakes, and are being sautéed (step 6).
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NPAFC New Officers and Representatives

Doug Mecum has served as Deputy Regional Administrator for NOAA 
Fisheries Alaska Region since September 2005. Before that, he was Director 
of the Division of Commercial Fisheries for the Alaska Department of Fish and 
Game. Doug started his career as a fisheries biologist for the Wyoming Game 
and Fish Department, but he moved to Alaska in 1981 to pursue his graduate 
education. In 1983 he began work with the Alaska Department of Fish and 
Game where he has served in various positions culminating as Director 
of the Division of Commercial Fisheries. Doug has also served on many 
fisheries-related commissions and committees, including the North Pacific 
Fisheries Management Council, North Pacific Research Board, Pacific Salmon 
Commission, North Pacific Anadromous Fish Commission, Pacific States Marine 
Fisheries Commission, the Exxon Valdez Oil Spill Trustee Council, and the 
Marine Stewardship Council. The University of Wyoming graduated Doug with 
Honors and a Bachelor's degree in wildlife conservation and management 
emphasizing fisheries. He later earned a Master's degree in fisheries science 
from the University of Alaska Fairbanks. Doug resides in Juneau with his wife 
Barbara, daughter Brianne, and son Bryce. He has served as United States 
Head of Delegation to NPAFC since 2006 and was elected to be the President 
of NPAFC on May 20, 2021.

New NPAFC President

New NPAFC Vice President

Vladimir Belyaev graduated from Perm State University and received 
his PhD at the Pacific Research Institute of Fisheries and Oceanography 

(TINRO) in Vladivostok. He was director of the Khabarovsk branch of TINRO 
and then held several positions in Moscow including Department Director of 
Ecological Expertise at the Ministry of Natural Resources, Deputy Director of 
“Losiny Ostrov” National Park, and Deputy Director of the Interdepartmental 
Ichthyological Commission. Until recently, Vladimir was the Department 
Director of Science and Education, Fisheries Agency of Russia (FAR), 
and Deputy Director for Russian activities related to the Convention on 
International Trade in Endangered Species (CITES). He became Professor in 
2010. He was also the Representative of FAR in Denmark, a Counsellor of 
the Russian Embassy. Now, Vladimir is the Head of International Department 
of the Russian Federal Research Institute of Fisheries and Oceanography 
(VNIRO). He represents the Russian Federation on numerous bilateral 
fisheries commissions. His scientific interests include the biology of pelagic 
fish, salmon, and sturgeon; marine ecosystems; protection of freshwater and 
marine waters; and fisheries economics. Vladimir has served as Chairperson 
of the North Pacific Fisheries Commission (NPFC) since July 2019. He served 
as NPAFC President from 2011–2014, Vice President from 2009–2011, and 
NPAFC F&A Chairperson from 2018–2021. In May 2021, Vladimir was elected 
NPAFC Vice President.
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New CSRS Chairperson 

Ju Kyoung Kim was born in Gangneung, Gangwon, Republic of Korea. After obtaining a BSc 
and MSc, his studies continue with a doctoral program in Marine Biotechnology at the Graduate 

School of the Gangneung-Wonju National University. From 2001 to 2010, he worked at the Salmon 
Research Center of the National Institute of Fisheries Science. In 2011, he moved to the Korea 
Fisheries Resources Agency (FIRA), where he is currently employed at the Inland Aquatic Living 
Resources Center, East Sea Branch. He has been doing research on coastal migration routes of 
chum salmon and on the feeding and survival of juvenile chum salmon, which are contributing to 
salmon resource production in Korea. Ju Kyoung has been a Korean member of CSRS, including the 
Science Sub-Committee (SSC), Working Group on Salmon Marking (WGSM), and International Year 
of the Salmon Working Group (IYSWG). He was elected Chairperson of the Committee on Scientific 
Research and Statistics (CSRS) of NPAFC in May 2021.

John Holmes obtained his BSc in Fisheries from the University of Guelph and his MSc and 
PhD in Fisheries Science from the University of Toronto. After completing his PhD in 1992, he 
conducted postdoctoral work on sea lampreys in the Great Lakes and the impacts of nuclear power 
generation using flow-through cooling systems on lake whitefish productivity, a key commercial 
species, in Lake Huron. He was appointed to a Research Scientist position in Fisheries and Oceans 
Canada (DFO) in 2001, where he focused on the implementation of sonar to estimate terminal 
area salmon escapement in the Fraser River watershed and delivering the joint Canada/United 
States offshore Pacific hake acoustic survey as well as leading the international team conducting 
assessments of north Pacific albacore tuna. John was awarded the DFO Prix d’Excellence Award 
in Policy and Science in 2013 as part of a team for his work on albacore tuna. In late 2016, John 
accepted the position of Division Manager for Stock Assessment and Research in the Pacific 

Region of Fisheries and Oceans Canada, taking over from Mark Saunders who was retiring. John currently serves as 
the Chair of the International Scientific Committee for Tuna and Tuna-like Species in the North Pacific Ocean (ISC), 
which conducts stock assessments of tunas, billfishes and oceanic sharks and provides stock status and conservation 
information to the Inter-American Tropical Tuna Commission (IATTC) and the Western and Central Pacific Fisheries 
Commission (WCPFC), he is the Canadian Co-Chair of the Joint Hake/Whiting Agreement Scientific Review Group and 
he is the Canadian Co-Chair of the bilateral Coho Technical Working Group under the Pacific Salmon Treaty. John has 
served on CSRS and the Salmon Marking Working Group since 2017 and was appointed as a Canadian Representative 
to NPAFC in June 2021. He was elected Chairperson of the Committee on Finance and Administration (F&A) of NPAFC 
in May 2021.

New F&A Chairperson and Representative of Canada

New ENFO Chairperson and Representative of Japan

Takumi Fukuda is the Director for International Fisheries Coordination at the Fisheries 
Agency of Japan (FAJ). After he joined FAJ in 1992, Takumi served in a series of positions at 
FAJ for managing salmon fisheries, policy coordination for fishery product trade issues, legislation 
on fishery cooperatives, fisheries enforcement in waters around Japan, managing tuna fisheries, 
managing offshore purse seine fishing, and promotion of new fishery technologies. Since 2018, he 
has worked in his current position, under which capacity he serves as the Japanese Commissioner 
to the North Pacific Anadromous Fish Commission (NPAFC) and the Inter-American Tropical Tuna 
Commission (IATTC), as well as the alternative Commissioner to the Western and Central Pacific 
Fisheries Commission (WCPFC) and the North Pacific Fisheries Commission (NPFC). Takumi was 
elected Chairperson of the Committee on Enforcement (ENFO) of NPAFC and appointed as NPAFC 
Representative of Japan in May 2021.
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Sungtaek Oh has been appointed as a Korean Representative to the North Pacific Anadromous 
Fish Commission (NPAFC) as of February 2021. Majoring in Northeast Asian International Trade 
and Commerce at Incheon National University, Sungtaek began his career in 2021 as Deputy 
Director at the International Cooperation Division, Ministry of Oceans and Fisheries (MOF), Republic 
of Korea. Sungtaek represents the Korean government at multiple regional fisheries management 
organizations (RFMOs), including the North Pacific Fisheries Commission (NPFC) as the lead 
negotiator. As a seafood enthusiast born and raised in the port city of Incheon, he has great 
passion for ocean- and fisheries-related businesses, hence the devotion to his role.

New Korean Representative to NPAFC

New United States Representative to NPAFC

Tommy Sheridan has been appointed as a United States Representative to the North Pacific 
Anadromous Fish Commission (NPAFC) since February 2020. Tommy has lived, worked, studied, 

and taught in and from Alaska for the past two decades, with a focus on commercial finfish 
(salmon and herring) fishery management and salmon hatchery operations. Tommy currently 
serves as a fisheries instructor and fisheries consultant for universities and clients throughout 
Alaska and the Pacific Northwest. He has served as a Board member for the Sitka Sound 
Science Center and Prince William Sound Aquaculture Corporation and currently serves in board 
leadership capacities for the Alaska Fisheries Development Foundation (AFDF) and Prince William 
Sound Science Center. From 2009 through 2017, Tommy was a post-baccalaureate and distance 
graduate student through Oregon State University's (OSU) Department of Fisheries, Wildlife, and 
Conservation Sciences, earning a Graduate Certificate in Fisheries Management, and a Professional 
Science Masters in Fisheries and Wildlife Administration with a Graduate Minor in Rural Studies. Tommy has faculty 
appointments with the University of Oregon's Oregon Institute of Marine Biology, OSU's Department of Fisheries, 
Wildlife, and Conservation Sciences, and the University of Alaska Southeast's Applied Fisheries Program. He lives with 
his wife and two young children in Cordova, Alaska.

New Canadian Representative to NPAFC

Justin Turple is the Director of International Fisheries Policy at Fisheries and Oceans Canada 
(DFO), where he is responsible for core departmental engagement at international multilateral 

fisheries fora, including regional fisheries management organizations, as well as international 
bilateral engagement with key fisheries and oceans partners. Since he joined DFO, Justin has 
worked in several capacities, including as a senior arctic policy advisor, senior trade policy advisor, 
and as the Manager of International Policy Integration. Most recently, Justin served as Chief of 
Staff and Senior Advisor to two Senior Assistant Deputy Ministers at DFO from 2018 to 2020. 
Justin took up his current position at DFO in May of 2020. Justin is also a Commissioner for Canada 
at the Inter-American Tropical Tuna Commission (IATTC), Canada’s Head of Delegation to the 
Western and Central Pacific Fisheries Commission (WCPFC) and Chair of the North Pacific Fisheries 
Commission’s Technical and Compliance Committee (NPFC-TCC). He has been appointed as a 
Canadian Representative to the North Pacific Anadromous Fish Commission (NPAFC) as of August 2021. Prior to joining 
Canada’s public service, Justin obtained Master of Business Administration at the University of British Columbia’s 
Sauder School of Business in 2010 and Bachelor of Commerce at McGill University’s Desautels Faculty of Management 
in 2008.
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NPAFC Secretariat
Suite 502, 889 West Pender Street 
Vancouver, BC, V6C 3B2 CANADA 

Tel: +1-604-775-5550 
Fax: +1-604-775-5577 
Web: https://npafc.org 
E-mail: 
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William Stanbury: wstanbury@npafc.org

Mariia Artiushkina: artmariia@npafc.org 

Visit the NPAFC website: https://npafc.org for more 
information on events, publications, scientific documents, 
and salmon catch statistics.

The Commission encourages submission of ideas, articles, 
and images on NPAFC-related activities for publication in 
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Upcoming Events NPAFC Representatives

Published By

NPAFC Annual Report 2020

Includes results of the Commission's major 
activities such as the Annual Meeting and 
other events. Available at https://npafc.org.

NPAFC Technical Report 16

Roadmap to Develop the Likely Suspects 
Framework: Salmonscape Workshop Series 
December–March 2021, held virtually. It is 
available online at https://npafc.org.

NPAFC Technical Report 17

Includes extended abstracts of oral 
presentations at the Winter Ecology of Pacific 
Salmon and Results from the Two Gulf of 
Alaska Expeditions Virtual Conference in April 
2021 and will be announced when available 
online.

NPAFC Technical Report 18

Includes extended abstracts of oral and 
E-poster presentations at the Third NPAFC-
IYS Virtual Workshop on Linkages between 
Pacific Salmon Production and Environmental 
Changes in May 2021 and will be announced 
when available online.

2022 Joint Patrol Schedule Meeting (JPSM)
Dates: Late April 2022

Venue: E-mail Meeting

ENFO/CSRS Workshop on Threats and Knowledge Gaps related to 
Pacific Salmon Conservation on the High Seas
Dates: May 2022

Venue: Hakodate, Japan

NPAFC 30th Annual Meeting
Dates: May 16–20, 2022

Venue: Hakodate, Japan
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