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NPAFC International Symposium on 
Pacific Salmon and Steelhead Production in a Changing 
Climate: Past, Present, and Future

Kobe International Conference Center
Kobe, Japan

The North Pacific Anadromous 
Fish Commission (NPAFC) 
was established to promote the 
conservation of anadromous 
stocks in the North Pacific Ocean.

Background and  PurPose

Understanding how climate change and variability impacts the marine ecology of Pacific salmon and 
steelhead is important to their future sustainability. This symposium will review recent research on 
ecological mechanisms regulating marine distribution and production of anadromous populations, 
climate change impacts on salmonid populations, retrospective analysis of key populations as indicators 
of conditions in North Pacific marine ecosystems, and implications of stock identification and model 
development for management of salmon and steelhead. The goal of the symposium is to utilize the best 
available information on marine ecology of salmonid populations to explain and forecast annual variation 
in their production.

ToPics

The symposium includes the following topic sessions. 

1. Migration and survival mechanisms of salmonids during critical periods in their marine life
history

1a. Initial period of marine life 
1b. Winter period

2. Climate change impacts on salmonid production and their marine ecosystems
3. Retrospective analysis of key salmonid populations as indicators of marine ecosystem

conditions
4. Application of stock identification and models for salmonid population management

4a. Stock identification development and applications for management 
4b. Model development and applications for management

5. Forecasting salmonid production and linked ecosystems in a changing climate

May 17-19, 2015
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overview of ToPic sessions 

1. Migration and survival mechanisms of salmonids during critical periods in their marine life
history

1a. Initial period of marine life 
1b. Winter period 

Session Conveners: Marc Trudel (Canada) and Ju Kyoung Kim (Korea)

Intention: A common hypothesis is that the initial period after migration to the sea is the most critical   
phase with respect to ocean survival of anadromous populations. There is considerable inter-annual  
variation in abundance, growth, and survival rates of juvenile salmon in the ocean. These variations  
may be related to climate-induced changes in habitat environments that operate at regional and  
local scales. The winter period is also identified as a critical phase defining the biomass of anadromous 
populations. The Western Subarctic Gyre and Gulf of Alaska ecosystems provide major wintering habitats for 
various anadromous populations. Better information on the migration and survival mechanisms of salmonids 
during the critical periods is needed to explain annual variation of their production.

Key areas:
• Distribution and migration route/timing during initial marine life and winter periods
• Hydrological characteristics, primary production, and prey resources in ocean habitats
• Trophic linkages, growth rates, and predation rates
• Survival rate and survival mechanisms
• Ecological interactions between species and between populations

2. Climate change impacts on salmonid production and their marine ecosystems

Session Conveners: Edward Farley (USA) and Olga Temnykh (Russia)

Intention: Over the past several decades there have been significant variations in marine production of Asian 
and North American salmonid populations that are linked to climate change. There is a strong need for better 
information on the ecological mechanisms regulating production of anadromous populations and estimates 
of climate impacts on salmon populations in North Pacific marine ecosystems. The effects of climate change 
and climate cycles on salmon and steelhead production and ocean ecosystem function and structure are 
sought for this session.

Key areas:
• Effects of climate change and climate cycles on anadromous populations, pelagic fish communities,

and ocean ecosystems
• Key climatic and oceanographic factors affecting long-term changes in ocean food production and

salmon growth rates
• Possible climate change impacts on ocean salmon habitats
• Effects of climate change and climate cycles on carrying capacity
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3. Retrospective analysis of key salmonid populations as indicators of marine ecosystem
conditions

Session Conveners: James Irvine (Canada) and Toshihiko Saito (Japan)

Intention: Over the past several decades, there have been significant variations in the marine production 
of Asian and North American anadromous populations that are linked to climate change. Anadromous 
populations can function as an ecological indicator of marine ecosystems. Long term monitoring of salmon 
populations, salmon ocean habitats and their ecosystems can yield critical information for retrospective 
examination of long term changes in marine ocean habitats. Time series information gathered on annual 
regional salmon production trends and biological and physical characteristics of salmon ocean habitat can 
provide the broad scale perspectives needed to examine the underpinnings of ocean salmonid production, 
biological characteristics, and marine ecosystem conditions.  

Key areas:
• Time series of salmonid population characteristics (abundance, age and body size at return, timing of

return, fecundity, egg size, trophic condition, genetic diversity, disease and parasites) as indicators of 
regional and basin-scale ecosystem conditions

• Retrospective analysis of salmon production and habitat environmental characteristics as a method of
predicting changes and how abundances will respond to changing climate 

• Time series of regional salmonid production characteristics including wild and hatchery fish
• Understanding the implications of habitat utilization by increasing numbers of Pacific Rim salmon

populations

4. Application of stock identification and models for salmonid population management
4a. Stock identification development and applications for management
4b. Model development and applications for management

Session Conveners: Jeff Guyon (USA) and Michio Kishi (Japan)

Intention: Accurate stock identification methods such as genetic, otolith mark analyses, chemical, and 
morphological techniques have been used to monitor stock-specific ocean distributions and abundance. 
Applications of stock identification methods to improve information on determining where salmonids go 
in the ocean and when they are present are important (Session 4a). This information is also a significant 
component of models used to incorporate ecosystem and environmental conditions, explore possible 
production scenarios, and may offer insights to management (Session 4b).  All models used in salmonid 
management are welcome including, but not limited to, genetic, statistical, and descriptive models.

Key areas:
• Recent developments to improve stock identification methods
• Novel approaches incorporating stock identification techniques for management
• Descriptive, physical, mathematical, and statistical salmonid models useful for management
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5. Forecasting salmonid production and linked ecosystems in a changing climate

Session Conveners: Alexander Zavolokin (Russia) and Richard Beamish (Canada)

Intention: Accurate forecasting of returning salmon abundances is of great importance to management and 
for anticipating future variations from a changing climate. Can we explain and forecast annual variation 
in salmonid production? If we are not there yet, what are the most important studies that can lead to better 
forecasting? 

Key areas:
• Common mechanisms regulating salmonid production
• Successes in short-term and long-term forecasting of salmonid production
• Future scenario of climate and ecosystem changes and their implications for salmon
• Lessons learned from forecasting salmon production and future research directions

6. Symposium Wrap-up

Session Conveners: Shigehiko Urawa (Japan) and Nancy Davis (NPAFC Secretariat)

Session Convenors (Sessions 1-5) will review highlights from presentations (oral and poster) in their 
sessions, with a particular emphasis on information and approaches relevant to improving the ability to 
explain and forecast variation in Pacific salmonid production in changing climate conditions. 
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TimeTaBle aT-a-glance (subject to change)

Sunday, May 17, 2015
Item Time Slot Session Presenter Abstract on Page

Registration 07:30-15:00

Opening Remarks 08:30-08:50 Masanori Miyahara, Vladimir Radchenko, Shigehiko Urawa
Introduction 08:50-09:00 1a Marc Trudel and Ju Kyoung Kim Co-Convenors
Keynote-1 Presentation 09:00-09:30 1a David Welch 1
Oral-1 Presentation 09:30-09:50 1a Laurie Weitkamp 2
Oral-2 Presentation 09:50-10:10 1a Kiyoshi Kasugai 3
Coffee Break (30 min) 10:10-10:40 Posters
Oral-3 Presentation 10:40-11:00 1a Sean Hayes 4
Oral-4 Presentation 11:00-11:20 1a Mitsuhiro Nagata 5
Oral-5 Presentation 11:20-11:40 1a Chrys Neville 6
Lunch (1 hr 30 min) 11:40-13:10
Introduction 13:10-13:20 2 Edward Farley and Olga Temnykh Co-Convenors
Keynote-3 Presentation 13:20-13:50 2 Ryan Rykaczewski* 11
Oral-9 Presentation 13:50-14:10 2 Shoshiro Minobe* 12
Oral-10 Presentation 14:10-14:30 2 Edward Farley 13
Oral-11 Presentation 14:30-14:50 2 Laurie Weitkamp 14
Coffee Break (30 min) 14:50-15:20 Posters
Keynote-4 Presentation 15:20-15:50 2 Suam Kim 15
Oral-12 Presentation 15:50-16:10 2 Andrey Krovnin 16
Oral-13 Presentation 16:10-16:30 2 Hiromichi Ueno 17
Oral-14 Presentation 16:30-16:50 2 Toru Nagasawa 18
Bus leaves for banquet   17:30

 Banquet 18:00-20:30

Monday, May 18, 2015
Item Time Slot Session Presenter Abstract on Page

Introduction 08:30:08:40 3 James Irvine and Toshihiko Saito Co-Convenors
Keynote-5 Presentation 08:40-09:10 3 Alexander Kaev 19
Oral-15 Presentation 09:10-09:30 3 Yukimasa Ishida 20
Oral-16 Presentation 09:30-09:50 3 Alexander Zavolokin 21
Oral-17 Presentation 09:50-10:10 3 Donald McCubbing 22
Coffee Break (30 min) 10:10-10:40 Posters
Keynote-6 Presentation 10:40-11:10 3 Greg Ruggerone 23
Oral-18 Presentation 11:10-11:30 3 Scott Akenhead 24
Oral-19 Presentation 11:30-11:50 3 Leon Shaul 25
Oral-20 Presentation 11:50-12:10 3 Strahan Tucker 26
Lunch (1 hr 20 min) 12:10-13:30
Introduction 13:30-13:40 4a & b Jeff Guyon and Michio Kishi Co-Convenors
Keynote-7 Presentation 13:40-14:10 4a Lisa Seeb 27
Oral-21 Presentation 14:10-14:30 4a Shunpei Sato 28
Oral-22 Presentation 14:30-14:50 4a Terry Beacham 29
Oral-23 Presentation 14:50-15:10 4a William Templin 30
Coffee Break (30 min) 15:10-15:40 Posters
Keynote-8 Presentation 15:40-16:10 4b Randall Peterman 31
Oral-24 Presentation 16:10-16:30 4b Michio Kishi 32
Oral-25 Presentation 16:30-16:50 4b Peter Lawson 33
Oral-26 Presentation 16:50-17:10 4b Steven Rossi 34
Poster Session 17:30-19:30

NPAFC Symposium 2015: Pacific Salmon and Steelhead Production in a Changing Climate: Past, Present, and Future
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*PICES-invited Keynote Presentation
Keynote Oral Presentations: 30-minute time slot.
Contributed Oral Presentations: 20-minute time slot.

schedule

May 16 (Saturday)
15:00-19:00 Registration (Room: 407) 

May 17 (Sunday)
07:30-15:00 Registration (Hallway outside Room 401/402) 
08:30-16:50 Oral Presentations (Room: 401/402)
17:30 Bus Leaves for Banquet
18:00-20:30 Dinner Banquet at Shu-Shin-Kan Sake Brewery 

(http://enjoyfukuju.com/english/our_sake/index.html)

May 18 (Monday)
08:30-17:10 Oral Presentations (Room: 401/402)
17:30-19:30 Poster Session (Room: 403)

May 19 (Tuesday)
08:20-16:50 Oral Presentations (Room: 401/402)

NOTE: earlier start time on Tuesday

Tuesday, May 19, 2015
Item Time Slot Session Presenter Abstract on Page

Introduction 08:20-08:30 1b Marc Trudel and Ju Kyoung Kim Co-Convenors
Keynote-2 Presentation 08:30-09:00 1b Kate Myers 7
Oral-6 Presentation 09:00-09:20 1b Svetlana Naydenko 8
Oral-7 Presentation 09:20-09:40 1b Marc Trudel 9
Oral-8 Presentation 09:40-10:00 1b Jamal Moss 10
Coffee Break (30 min) 10:00-10:30 Posters
Introduction 10:30-10:40 5 Alexander Zavolokin and Richard Beamish Co-Convenors
Keynote-9 Presentation 10:40-11:10 5 Richard Beamish 35
Oral-27 Presentation 11:10-11:30 5 Sue Grant 36
Keynote-10 Presentation 11:30-12:00 5 Masahide Kaeriyama 37
Lunch (1 hr 20 min) 12:00-13:20
Oral-28 Presentation 13:20-13:40 5 Joseph Orsi 38
Keynote-11 Presentation 13:40-14:10 5 Skip McKinnell* 39
Introduction 14:10-14:15 6 Shigehiko Urawa and Nancy Davis Co-Convenors
Wrap-Up Session 1 14:15-14:40 6 Marc Trudel and Ju Kyoung Kim Co-Convenors
Wrap-Up Session 2 14:40-15:05 6 Edward Farley and Olga Temnykh Co-Convenors
Coffee Break (20 min) 15:05-15:25 Poster take down
Wrap-Up Session 3 15:25-15:50 6 Jim Irvine and Toshihiko Saito Co-Convenors
Wrap-Up Session 4 15:50-16:15 6 Jeff Guyon and Michio Kishi Co-Convenors
Wrap-Up Session 5 16:15-16:40 6 Alexander Zavolokin and Richard Beamish Co-Convenors
Closing 16:40-16:50 Shigehiko Urawa

NPAFC Symposium 2015: Pacific Salmon and Steelhead Production in a Changing Climate: Past, Present, and Future
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oral PresenTers

Have your presentation saved on a USB memory stick and give it to the Secretariat when you arrive to pick-
up materials at the registration desk at the Symposium.  Please check the schedule below so the Secretariat 
can have your presentation saved on the computer well in advance of the session.

If oral presenters have not submitted their presentation when picking up registration materials at the 
registration desk at the Symposium, the latest time to submit your oral presentation to the Secretariat is 
the following. 

If your presentation time is: Bring your presentation to the Secretariat by:

May 17 (Sunday) a.m. (morning) May 16 (Saturday) during registration 15:00-19:00 
or May 17 (Sunday) by 8:00 a.m.

May 17 (Sunday) p.m. (afternoon) May 17 (Sunday) by 11:00 a.m.

May 18 (Monday) a.m. (morning) May 17 (Sunday) by 17:00 p.m.

May 18 (Monday) p.m. (afternoon) May 18 (Monday) by 11:00 a.m.

May 19 (Tuesday) a.m. (morning) May 18 (Monday) by 17:00 p.m.

May 19 (Tuesday) p.m. (afternoon) May 19 (Tuesday) by 11:00 a.m.

PosTer PresenTers

Posters should be set up at registration on Saturday, May 16, 15:00 - 19:00 p.m. or at registration on Sunday, 
May 17 between 7:30 and 8:30 a.m.

Posters should be removed on Tuesday afternoon, May 19, by 17:15.  Posters not removed by 17:15 may be 
discarded.
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Program
oral PresenTaTions (Room 401/402)

may 17 (sunday) 

08:30-08:50 Opening Remarks 
Masanori Miyahara, Vladimir Radchenko, Shigehiko Urawa

Session 1:  Migration and survival mechanisms of salmonids during critical periods in their marine 
life history

1a. Initial Period of Marine Life

08:50-09:00 Introduction - Session 1 Co-Convenors 
Marc Trudel and Ju Kyoung Kim

09:00-09:30 Keynote Presentation: Critical periods in the marine life history of Pacific salmon 
David W. Welch*, Aswea D. Porter, and Erin L. Rechisky .................................................. 1

09:30-09:50 Avian predation on juvenile salmon: the role of alternative prey, environmental 
variation, and implications for the future
Laurie A. Weitkamp*, Thomas P. Good, Donald E. Lyons, and Daniel D. Roby ................ 2

09:50-10:10 Migration of juvenile chum salmon (Oncorhynchus keta) near Kushiro on the 
southeast coast of Hokkaido, northern Japan
Kiyoshi Kasugai*, Hayato Saneyoshi, Tomoya Aoyama, Yoshihito Shinriki, Anai Iijima, 
and Yasuyuki Miyakoshi ...................................................................................................... 3

10:10-10:40  Break and Posters 

10:40-11:00 Blue highways and roadblocks for California Current steelhead stocks
Sean A. Hayes*, and Jeffrey Harding .................................................................................. 4

11:00-11:20 Adaptive hatchery strategy to moderate the local variation and reduction of 
Hokkaido salmon in relation to ocean conditions
Mitsuhiro Nagata*, Yasuyuki Miyakoshi, Makoto Fujiwara, Kiyoshi Kasugai, 
Daisei Ando, Anai Iijima, Mitsuru Torao, and Hayato Saneyoshi ...................................... 5

11:20-11:40 First measures at a population and stock level of early marine migration timing, 
growth and condition of Fraser River sockeye salmon
Chrys M. Neville*, Stewart C. Johnson, Timber Whitehouse, Joe Tadey, 
Terry D. Beacham, and Marc Trudel ................................................................................... 6

11:40-13:10 Lunch 

*Presenter

NPAFC Symposium 2015: Pacific Salmon and Steelhead Production in a Changing Climate: Past, Present, and Future
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Session 2:  Climate change impacts on salmonid production and their marine ecosystems

13:10-13:20 Introduction - Session 2 Co-Convenors 
Edward V. Farley, Jr and Olga Temnykh

13:20-13:50 Keynote Presentation: Recent changes in Pacific climate and North American salmon
Ryan Rykaczewski* and Emanuele Di Lorenzo ..................................................................11

13:50-14:10 Habitat change projections for Pacific salmon (Oncorhynchus spp.) in the North 
Pacific and adjacent seas based on CMIP5 climate models
Shoshiro Minobe*, James R. Irvine, Alexander V. Zavolokin, Shigehiko Urawa, 
Hiromichi Ueno, Elizabeth A. Logerwell, Katherine W. Myers, and Mio Terada............. 12

14:10-14:30 Distribution, diet, and bycatch of chum salmon in the eastern Bering Sea
James M. Murphy, Edward V. Farley*, James N. Ianelli, and Diana L. Stram ................ 13

14:30-14:50 Trends in the physical forcing and biological response in the northern California 
Current: 20 years of biweekly observations of hydrography, nutrients and plankton 
along the Newport Hydrographic Line (Newport Oregon)
William T. Peterson, Jay O. Peterson, Jennifer Fisher, Cheryl A. Morgan,  
and Laurie A. Weitkamp* .................................................................................................. 14

14:50-15:20  Break & Posters 

15:20-15:50 Keynote Presentation: Climate variability and Korean chum salmon production
Suam Kim*, Ju Kyoung Kim, Chung Il Lee, and Sukyung Kang ...................................... 15

15:50-16:10 Impact of climatic variability in the Atlantic-Eurasian sector on status of Far East 
salmon stocks, 1950-2014
Andrey S. Krovnin*, Boris N. Kotenev, and Nataliya V. Klovach ..................................... 16

16:10-16:30 Temporal and spatial variation in a growth factor of Pacific salmon
Hiromichi Ueno*, Moeko Otani, Mitsuho Oe, Yuxue Qin, Maki Noguchi Aita, 
Michio J. Kishi, and Masahide Kaeriyama ....................................................................... 17

16:30-16:50 Feeding habits plasticity of maturing masu salmon (Oncorhynchus masou) in the 
Sea of Japan, under the different ages 
Toru Nagasawa* ................................................................................................................ 18

17:30 Bus leaves for banquet

18:00-20:30 Banquet

NPAFC Symposium 2015: Pacific Salmon and Steelhead Production in a Changing Climate: Past, Present, and Future
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may 18 (monday)

Session 3:  Retrospective analysis of key salmonid populations as indicators of marine ecosystem 
conditions

08:30-08:40 Introduction - Session 3 Co-Convenors
James R. Irvine and Toshihiko Saito

08:40-09:10 Keynote Presentation: Status of pink salmon in the Sakhalin-Kuril region in a 
long-term aspect
Alexander M. Kaev* .......................................................................................................... 19

09:10-09:30 Future climate-related changes in fish composition including chum salmon 
(Oncorhynchus keta) in northern Japanese waters, inferred from 
archaeological evidence
Yukimasa Ishida*, Akihiro Yamada, and Kazuya Nagasawa ............................................ 20

09:30-09:50 Changes in trophic structure of epipelagic community in the western Bering Sea 
with an emphasis on Pacific salmon
Alexander V. Zavolokin*, and Vladimir I. Radchenko ...................................................... 21

09:50-10:10 Pink salmon abundance and steelhead population characteristics – the Ying 
and Yang of 37 years of interspecies salmonid interactions at the Keogh River, 
British Columbia
Donald J.F. McCubbing*, and Douglas C. Braun ........................................................... 22

10:10-10:40 Break and Posters 

10:40-11:10 Keynote Presentation: Salmon population trends and species interactions in the 
North Pacific Ocean
Greg Ruggerone*, Bev Agler, Brendan Connors, Edward V. Farley, James Irvine, 
Lorna Wilson, and Ellen Yasumiishi  ................................................................................. 23

11:10-11:30 Applying metadata to clarify stock-recruit parameters for Canadian sockeye salmon 
Scott A. Akenhead*, James R. Irvine, Kim D. Hyatt, Stewart C. Johnson, Susan C.H. 
Grant, Daniel T. Selbie, and Catherine G.J. Michielsens ................................................. 24

11:30-11:50 Effects of climate and competition for ocean prey on returns of coho salmon to the 
Berners River in Southeast Alaska
Leon D. Shaul*, and Harold J. Geiger  ............................................................................. 25

11:50-12:10 Juvenile coastal distribution and consequent factors influencing production of 
endangered Snake River sockeye salmon
Strahan Tucker*, Mary E. Thiess, John F.T. Morris, David Mackas, William T. Peterson, 
John R. Candy, Terry D. Beacham, Eric M. Iwamoto, David J. Teel, Mike Peterson,  
and Marc Trudel ................................................................................................................ 26

12:10-13:30 Lunch

NPAFC Symposium 2015: Pacific Salmon and Steelhead Production in a Changing Climate: Past, Present, and Future
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Session 4:  Application of stock identification and models for salmonid population management

4a. Stock identification development and applications for management

13:30-13:40 Introduction - Session 4 Co-Convenors
Jeff Guyon and Michio Kishi

13:40-14:10 Keynote Presentation: Stock identification of salmonid populations in the North 
Pacific in the era of genomics
Lisa W. Seeb*  .................................................................................................................... 27

14:10-14:30 Stock identification and abundance of immature chum salmon in the summer 
Bering Sea during five survey years using SNP markers 
Shunpei Sato*, and Shigehiko Urawa ............................................................................... 28

14:30-14:50 Microsatellite identification of sockeye salmon rearing in the Bering Sea 
during 2009-2014
Terry D. Beacham*, John R. Candy, Shunpei Sato, and Shigehiko Urawa ...................... 29

14:50-15:10 Genetic stock identification enables in-season adjustments to optimize harvest of 
Chinook and sockeye salmon in Alaska  
William Templin*, Tyler Dann, Nick DeCovich, James Seeb, and Lisa Seeb ................... 30

15:10-15:40 Break & Posters 

4b. Model development and applications for management

15:40-16:10 Keynote Presentation: Improving models of Pacific salmonids: drawing upon 
experience from non-salmonid systems and other sources
Randall M. Peterman*  ..................................................................................................... 31

16:10-16:30 Ecosystem approach for management of artificial release of chum salmon from 
Japan coupled with NEMURO
Michio J. Kishi*, Kenta Awa, Takeshi Miwa, and Hiromichi Ueno .................................. 32

16:30-16:50 Dynamic ocean habitat and the changing distribution of adult Chinook salmon 
Peter W. Lawson*, Cheryl S. Harrison, and Andi Stephens .............................................. 33

16:50-17:10 Bayesian forward run reconstruction for Pacific salmon
Steven Rossi*, and Sean Cox ............................................................................................. 34

17:30-19:30 Poster Session

NPAFC Symposium 2015: Pacific Salmon and Steelhead Production in a Changing Climate: Past, Present, and Future
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may 19 (Tuesday)

Session 1:  Migration and survival mechanisms of salmonids during critical periods in their marine 
life history

1b. Winter Period

08:20-08:30 Introduction - Session 1 Co-Convenors
Marc Trudel and Ju Kyoung Kim

08:30-09:00 Keynote Presentation: Pacific salmon and steelhead: Life in a changing winter ocean
Katherine W. Myers*, James R. Irvine, Elizabeth A. Logerwell, Shigehiko Urawa, 
Svetlana V. Naydenko, Alexander V. Zavolokin, and Nancy D. Davis ................................. 7

09:00-09:20 Is the winter the critical period of the marine life of Pacific salmon?
Svetlana V. Naydenko*, and Olga Temnykh ........................................................................ 8

09:20-09:40 Is winter a critical period for Pacific salmon? A critical review of the 
“critical-period” hypothesis
Marc Trudel*, Terry Beacham, and James Irvine ............................................................... 9

09:40-10:00 Energy dynamics and growth of juvenile Chinook salmon (Oncorhynchus 
tshawytscha) in the Gulf of Alaska and Bering Sea
Jamal H. Moss*, James M. Murphy, Emily A. Fergusson, and Ron A. Heintz ................. 10

10:00-10:30 Break and Posters

Session 5:  Forecasting salmonid production and linked ecosystems in a changing climate

10:30-10:40 introduction - Session 5 Co-Convenors
Alexander V. Zavolokin and Richard J. Beamish

10:40-11:10 Keynote Presentation: The success of alternate life history strategies may provide 
clues to the future production of Pacific salmon in a changing climate
Richard J. Beamish* .......................................................................................................... 35

11:10-11:30 Recent shifts in Fraser River sockeye abundance and survival and implications to 
abundance forecasts
Sue Grant*, Bronwyn MacDonald, and Catherine Michielsens ....................................... 36

11:30-12:00 Keynote Presentation: Risk management based on the backcasting approach for 
conserving Pacific salmon (Oncorhynchus spp.) and their ecosystems in the North 
Pacific Ocean under the changing climate
Masahide Kaeriyama*, Yuxue Qin, and Hyunju Seo ........................................................ 37

12:00-13:20 Lunch 

NPAFC Symposium 2015: Pacific Salmon and Steelhead Production in a Changing Climate: Past, Present, and Future
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13:20-13:40 Forecasting pink salmon production in Southeast Alaska using ecosystem indicators 
in times of climate change
Joseph A. Orsi*, Emily A. Fergusson, Alex C. Wertheimer, Ellen Yasumiishi, 
and Edward V. Farley, and Phillip R. Mundy .................................................................... 38

13:40-14:10 Keynote Presentation: Sake no mirai
Skip McKinnell* ................................................................................................................ 39

Session 6: Symposium Wrap-Up

14:10-14:15 Introduction - Session 6 Co-Convenors
Shigehiko Urawa and Nancy Davis

14:15-14:40 Wrap-Up Session 1
Marc Trudel and Ju Kyoung Kim

14:40-15:05 Wrap-Up Session 2
Edward V. Farley, Jr and Olga Temnykh

15:05-15:25 Poster take down

15:25-15:50 Wrap-Up Session 3
James R. Irvine and Toshihiko Saito

15:50-16:15 Wrap-Up Session 4
Jeff Guyon and Michio Kishi

16:15-16:40 Wrap-Up Session 5
Alexander V. Zavolokin and Richard J. Beamish

16:40-16:50 Symposium Closing
Shigehiko Urawa

NPAFC Symposium 2015: Pacific Salmon and Steelhead Production in a Changing Climate: Past, Present, and Future
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PosTer PresenTaTions (Room 403)
May 17-19, 2015 
Poster Session: May 18 (Monday), 17:30-19:30

Session 1:  Migration and survival mechanisms of salmonids during critical periods in their marine 
life history

1a. Initial Period of Marine Life

Poster-1 Is there a connection between the essential vitamin, thiamine, and the observed 
decline in Yukon River Chinook salmon (Oncorhynchus tshawytscha)? 
Dale C. Honeyfield*, James M. Murph , Kathrine G. Howard, Sean D. Larson, 
Lawrence E. Schaufle , Wesley W. Strasburger, and Angela Matz ..................................... 40

Poster-2 Interannual variability in the diets of September subyearling Chinook salmon 
caught off Oregon and Washington 1998-2012
Katherine E. Dale*, Elizabeth A. Daly, and Richard D. Brodeur ..................................... 41

Poster-3 Change in the energy density of Kuskokwim River chum salmon (Oncorhynchus 
keta) during the first year of life and its potential impact on marine survival
John H. Eiler*, Ron A. Heintz, and Edward V. Farley ...................................................... 42

Poster-4 Oceanographic indicators of juvenile Chinook salmon habitat and stock-specific 
survival in the California Current
David D. Huff*, Brian K. Wells, Brian Burke, William Satterthwaite, Patrick Kilduff,  
Sean A. Hayes, and Andrew Moore ................................................................................... 43

Poster-5 Climate change, timing of migration to sea and marine survival of Pacific salmon 
Lyse Godbout*, Carrie Holt, Peter Tschaplinski, Thomas Loughin, Donald McCubbing, 
James Irvine, and Marc Trudel ......................................................................................... 44

Poster-6 A trial on water recycling system for hatchery reared chum salmon fry
Tomohito Shimizu*, Tetsuo Morita, and Yoshihisa Yamamoto .......................................... 45

Poster-7 Occurrence of wild chum salmon (Oncorhynchus keta) juveniles in the surf zone 
of a sandy beach, Niigata Prefecture, northern Sea of Japan
Masaya Iida*, Tomoaki Iseki, Yuta Yagi, and Satoshi Katayama ...................................... 46

Poster-8 Ecological characteristics of chum salmon (Oncorhynchus keta) in the Penzhina and 
Talovka hypertidal estuary (Northwest Kamchatka)
Maxim Koval, Sergey Gorin, and Ekaterina Lepskaya* ................................................... 47

Poster-9 Primary production and growth of Ozernovskaya sockeye salmon in the first month 
of marine life in Western Kamchatka coastal waters
Ekaterina V. Lepskaya*, and Oleg B. Tepnin .................................................................... 48



xv

NPAFC Symposium 2015: Pacific Salmon and Steelhead Production in a Changing Climate: Past, Present, and Future

Poster-10 Circulating insulin-like growth factor-I in juvenile chum and pink salmon: 
relationship with growth rate and changes during downstream and coastal 
migration in eastern Hokkaido, Japan
Nobuto Kaneko*, Natsumi Taniyama, Yu Inatani, Fujiwara Makoto, Mitsuru Torao, 
Yasuyuki Miyakoshi, and Munetaka Shimizu ..................................................................... 49

Poster-11 Feeding and growth of juvenile Pacific salmon in a tidally-mixed migratory corridor
Marc Trudel*, Terry D. Beacham, Stewart Johnson, Meredith Journey, Skip McKinnell, 
Chrys Neville, Mary Thiess, Strahan Tucker, and Brian R. Beckman ............................... 50

Poster-12 Improvement of stocking techniques related to ocean conditions to recover late-run 
chum salmon being adaptable to warming coastal water
Mitsuhiro Nagata*, Daisei Ando, Makoto Fujiwara, and Yasuyuki Miyakoshi ................ 51

Poster-13 Early marine residence and growth of juvenile chum and pink salmon in 
eastern Hokkaido
Yasuyuki Miyakoshi*, Makoto Fujiwara, Mitsuru Torao, Nobuto Kaneko,  
Munetaka Shimizu, and Mitsuhiro Nagata ........................................................................ 52

Poster-14 Migration of juvenile pink salmon Oncorhynchus gorbuscha and their adult 
return to Nemuro Bay, eastern Hokkaido (the southern limit of hatchery  
programs in Japan)
Mitsuru Torao*, Kiyoshi Kasugai, and Mitsuhiro Nagata ................................................ 53

Poster-15 Assessing size-selective mortality of juvenile Yukon River Chinook salmon using 
retrospective scale analyses 
Kathrine G. Howard, James Murphy, and Edward V. Farley* ......................................... 54

Poster-16 Analysis of changes in the composition of lipids muscular tissue of juvenile Pacific 
salmon during adaptation for sea life
Аnton V. Klimov*, Аleksey P. Lozovoy, and Irina V. Zhiganova  ....................................... 55

Poster-17 Feeding habits of released chum salmon, Oncorhynchus keta juvenile in eastern 
coastal area
Ju Kyoung Kim*, O-Nam Kwon, Doo Ho Kim, and Kwan Eui Hong ............................... 56

Poster-18 Effect of release time and body size of chum salmon fry on adult return rates
Ayumi Nakashima*, Satoru Takahashi, Hiromi Itou, and Masatoshi Ban ........................ 57

Poster-19 Changes in the nutritional state of chum salmon fry during the outmigration in the 
river and nearshore ocean
Masatoshi Ban*, Hiromi Itou, Ayumi Nakashima, Iwao Sada, Shuuich Toda, Manabu 
Kagaya, and Yoshinobu Hirama ........................................................................................ 58

Poster-20 Otolith tagging and related discussions with Alizarine Red S in chum salmon 
(Oncorhynchuys keta) at stage of eyed eggs
Wei Liu*, Chen Wang, Ji-Long Wang, and Peirong Zhan ................................................. 59



xvi

NPAFC Symposium 2015: Pacific Salmon and Steelhead Production in a Changing Climate: Past, Present, and Future

1b. Winter Period

Poster-21 Origins and biological status of chum salmon wintering in the Gulf of Alaska
Shigehiko Urawa*, Terry Beacham, Shunpei Sato, Toshiki Kaga, Bev Agler, Ron 
Josephson, and Masa-aki Fukuwaka ................................................................................. 60

Poster-22 Chinook salmon first year production indicators from ocean monitoring in 
Southeast Alaska
Joseph A. Orsi*, Emily A. Fergusson, Alex C. Wertheimer, and Edward V. Farley .......... 61

Session 2:  Climate change impacts on salmonid production and their marine ecosystems

Poster-23 Prey abundance and food habits of chum salmon in the central Bering Sea
Tomoki Sato*, Shunpei Sato, Shigehiko Urawa, and Toru Nagasawa .............................. 62

Poster-24 Return of adult chum salmon (Oncorhynchus keta) to the Tohoku Pacific coast 
reared immediately prior to the Great East Japan Earthquake and tsunami,  
March 2011
Kei Sasaki*, Koji Aisaka, Gen Ogawa, Nobuaki Watanabe, and Toyomitsu Horii ........... 63

Poster-25 Pacific salmon productivity: Potential influence of ocean thermal regimes on juvenile 
salmon during the first winter at sea 
Alexander V. Bugaev*, Oleg B. Tepnin, and Katherine W. Myers ..................................... 64

Poster-26 Magnetic force experienced by chum salmon (Oncorhynchus keta) from the central 
Bering Sea to the coast of Hokkaido, Japan 
Tomonori Azumaya*, Shunpei Sato, Shigehiko Urawa, and Toru Nagasawa ................... 65

Poster-27 Understanding run-time determination of wild chum salmon in Japan: research plan
Hitoshi Araki*, Kentaro Morita, Kathleen G. O’Malley, Itsuro Koizumi, Shunpei Sato, 
Shouko Kamada, and Takashi Kanbe ................................................................................ 66

Poster-28 Effect of spawning habitat in sustaining population diversity and viability in 
chum salmon
Hirokazu Urabe*, Kazutaka Shimoda, and Futoshi Nakamura ........................................ 67

Session 3:  Retrospective analysis of key salmonid populations as indicators of marine ecosystem 
conditions 

Poster-29 Changes in size and age of Chinook salmon Oncorhynchus tshawytscha 
returning to Alaska
Bert Lewis, W. Stewart Grant, Richard E. Brenner, Toshihide Hamazaki,  
and Leon D. Shaul* ........................................................................................................... 68

Poster-30 The recent decline of pink salmon (Oncorhynchus gorbuscha) abundance in Japan
Toshihiko Saito*, Yukihiro Hirabayashi, Kengo Suzuki, Kyuji Watanabe, and  
Hiromi Saito ...................................................................................................................... 69



xvii

NPAFC Symposium 2015: Pacific Salmon and Steelhead Production in a Changing Climate: Past, Present, and Future

Poster-31 Defining critical periods for Yukon and Kuskokwim River Chinook salmon 
Ellen Yasumiishi, Edward V. Farley*, and Kerim Aydin ................................................... 70

Poster-32 Collapse and recovery of Sacramento River fall-run Chinook salmon: interplay 
between regional oceanography and weak portfolio effect
Steve Lindley*, David Huff, Brian Wells, and Fei Chai .................................................... 71

Poster-33 Causes and consequences of declining growth increments in western Alaskan 
Chinook salmon Oncorhynchus tshawytscha, brood years 1976-2005
Megan V. McPhee*, Justin M. Leon, Jared E. Siegel, Lorna I. Wilson,  
and Beverly A. Agler .......................................................................................................... 72

Poster-34 Current status of stocks of Pacific salmon in Chukotka
Elena V. Golub, and Olga S. Temnykh* ............................................................................. 73

Poster-35 Long-term changes size indicators for chum in catch at Anadyr River Basin 
(Chukotka, Russia)
Simon B. Baranov, and Alexander V. Zavolokin* .............................................................. 74

Poster-36 Feeding migration of immature chum salmon in the Okhotsk Sea in the 2000s
Alexander N. Starovoytov, Olga S. Temnykh*, and Olga A. Maznikova ........................... 75

Session 4:  Application of stock identification and models for salmonid population management

4a. Stock identification development and applications for management

Poster-37 Modern DNA methods offer unprecedented improvement in stock identification 
strategies 
James Seeb, Lisa Seeb*, Carita Pascal, Wes Larson, Garrett McKinney, Ryan Waples, 
Carolyn Tarpey, and Tyler Dann ....................................................................................... 76

Poster-38 What causes the drastic loss of genetic variation of endangered Formosa salmon in 
Taiwan?
Te-Hua Hsu, and Jin-Chywan Gwo* ................................................................................. 77

Poster-39 Genetic structure of masu salmon (Oncorhynchus masou) populations inferred from 
mitochondrial DNA analysis
Ha Yeun Song*, Doo Ho Kim, Kohji Mabuchi, Koji Inoue and Kwan Eui Hong ............. 78

Poster-40 Empirical Bayes FST reveals fine-scale population structure of sockeye salmon in a 
complex system
Shuichi Kitada*, Reiichiro Nakamichi, and Hirohisa Kishino ......................................... 79

Poster-41 Inter-annual distribution of Yukon River juvenile chum salmon in the eastern 
Bering Sea 
Christine Kondzela, Jacqueline Whittle, Colby Marvin, Jeffrey Guyon*, James Murphy, 
Kathrine Howard, William Templin, and Bonnie Borba ................................................... 80



xviii

NPAFC Symposium 2015: Pacific Salmon and Steelhead Production in a Changing Climate: Past, Present, and Future

Poster-42 Stock identification of Fraser sockeye smolt samples provides marine fisheries 
managers with more timely and accurate estimates of adult run size 
Stephen Latham*, Catherine Michielsens, Colin Wallace, Timber Whitehouse, Joe Tadey, 
Chrys Neville, and Marc Trudel ........................................................................................ 81

Poster-43 Occurrence and distribution of white-fleshed coho salmon, Oncorhnchus kisutch, 
in northern Southeast Alaska
William R. Heard* ............................................................................................................. 82

Poster-44 Genetic population structure of chum salmon in Sanriku-region, Japan
Hideharu Tsukagoshi*, Sayuri Terui, Gen Ogawa, Shunpei Sato, and Syuiti Abe ............ 83

Poster-45 Using results of genetic identification of juvenile pink salmon for more accurate 
forecast of spawning runs in the Okhotsk Sea basin
Nina Yu. Shpigalskaya*, Anna I. Kosizina, Uliana O. Muravskaya, and  
Oleg N. Saravansky ........................................................................................................... 84

Poster-46 Genetic variation of pink salmon in Sanriku-region, Japan
Sayuri Terui*, Hideharu Tsukagoshi, Shunpei Sato, and Syuiti Abe ................................. 85

Poster-47 Identification of sockeye salmon Oncorhynchus nerka (Walbaum) populations in 
Asian part of the species in mixed marine catches of juvenile fish on the base of 
microsatellite DNA analysis
Оksana А. Pylganchuk*, Nina Yu. Shpigalskaya, Victor G. Erokhin,  
and Anton V. Klimov .......................................................................................................... 86

4b. Model development and applications for management

Poster-48 An examination of natural reproduction on the Japanese chum salmon by long-term 
catch and release data
Kengo Suzuki*, Kyuji Watanabe, Yukihiro Hirabayashi, and Toshihiko Saito .................. 87

Session 5. Forecasting salmonid production and linked ecosystems in a changing climate

Poster-49 An integrated gene expression cascade analysis of spawning sockeye salmon implied 
complexity of survival mechanisms
Reiichiro Nakamichi*, Hirohisa Kishino, and Shuichi Kitada.......................................... 88

Poster-50 The question of predicting the quantity of chum salmon Oncorhynchus keta in the 
river basin of Anadyr (Chukotka, Russia)
Simon B. Baranov, Elena V. Golub, and Alexander V. Zavolokin*.................................... 89



xix

informaTion on symPosium co-sPonsors

The Fisheries Research Agency (FRA), an incorporated administrative agency 
in Japan, conducts a wide range of research and development activities on 
fisheries, from basic research and application to practical use. Furthermore, 
the FRA conducts hatchery releases of juvenile salmon to maintain their 
populations. Based on these activities, the FRA contributes to achieve the policy 
targets of securing the stable supply of fishery products and promoting the 
sound development of the fisheries industries, as stipulated by the Basic Plan for 
Fisheries Policy, established by the Fisheries Agency, Ministry of Agriculture, 
Forestry and Fisheries. The FRA promotes efficient and effective research and 

development, disseminates the results and encourages the practical use in their respective fields.
Fisheries Research Agency website: www.fra.affrc.go.jp

The Gordon and Betty Moore Foundation believes in bold ideas 
that create enduring impact in the areas of science, environmental 
conservation and patient care. Intel co-founder Gordon and his wife 
Betty established the foundation to create positive change around the 
world and at home in the San Francisco Bay Area. Our environmental 

conservation efforts promote sustainability, protect critical ecological systems and align conservation 
needs with human development. Patient care focuses on eliminating preventable harms and unnecessary 
healthcare costs through meaningful engagement of patients and their families in a supportive, redesigned 
healthcare system. Science looks for opportunities to transform–or even create–entire fields by investing 
in early-stage research, emerging fields and top research scientists. In the San Francisco Bay Area we 
support land conservation, as well as science and technology museums. Visit us at Moore.org or follow  
@MooreFound.
Gordon and Betty Moore Foundation website: www.moore.org 

To increase salmon resources by efficient and sustainable 
propagation techniques for contributing the stable supply of 
secure fishery products for the public, the Hokkaido Salmon 
Propagation Association (HSPA) carries out the following 
activities:

• Adjustment and guidance of salmon propagation such as drafting hatchery release plan, securing
salmon seeds, research and education of hatchery staffs.

• Supporting salmon propagation activities including a grant-in-aid.
• Providing salmon materials and information for research and educations.
• Participating in national projects for improving the survival and value of salmon by the releases

of otolith-marked fry
• Environmental safeguard activities for salmon propagation
• Other projects for the achievement of the HSPA goals.

HSPA website: www.sake-masu.or.jp/ 
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Most of salmon harvest in Hokkaido is made by stationary set-
net fisheries in the coastal waters. The Hokkaido Stationary 
Net Fisheries Association (HSNFA) is aimed to develop the 
sustainable management of set-net fisheries and the promotion 

of fisheries in Hokkaido by supporting the salmon propagation program, the research and technical 
development of set-net fisheries, and the efficient marketing for fishery production. 

Created by the United States Congress to promote marine research off Alaska, the North Pacific 
Research Board (NPRB) provides funding to help develop a clear understanding of the North Pacific, Ber-
ing Sea, and Arctic Ocean ecosystems that enables effective management and sustainable use of marine 

resources. NPRB's mission is to conduct a comprehensive science program 
addressing pressing fishery management and ecosystem information needs, 
through individual and integrated research projects selected on a competitive 
basis. Each year, NPRB puts out an annual request for proposals (RFP); in 
addition, NPRB sponsors integrated ecosystem research programs (IERPs), a 
long-term monitoring program (LTM), and a graduate student research award 
(GSRA) program. NPRB promotes coordinated, collaborative research; exten-
sive communication and outreach; as well as integration of the social sciences 
with the natural sciences.

NPRB Website: www.nprb.org/

  The Pacific Salmon Foundation was established in 1987 as an independent, non-
governmental, charitable organization to protect, conserve and restore wild Pacific 
salmon populations in British Columbia and the Yukon. Today, the Foundation gal-
vanizes the breadth of vested stakeholders to support Pacific salmon from stream to 
estuary to ocean.

The Foundation:
• Raises money and makes grants to volunteer community groups that con-

serve and restore streams across the province.
• Manages watershed-wide initiatives in British Columbia that catalyze indus-

try, First Nations, provincial and federal governments, and other non-profits.
• Advances science to improve the understanding of factors that limit the

abundance of Pacific salmon.
    Works with government to prioritize and facilitate strategic salmon conservation in the province.

Pacific Salmon Foundation website: www.psf.ca
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Pacific Seafood Processors Association (PSPA) is a nonprofit seafood 
industry trade association. Its corporate members are major seafood 
processing companies with operations in Alaska and Washington. PSPA 
was founded in 1914 to foster a better public understanding of the 

importance of the seafood industry, and has been in continuous and active existence since that time.
For more than a century, PSPA member companies have played an important role in the heritage and 
development of their region. They are committed to providing good jobs and a safe, rewarding work 
environment to their employees, economic benefits to the region; and high quality, healthful seafood 
products to consumers.

Today, they provide consumers with a wide variety of seafood products of the highest quality and 
play an ongoing, vital role in economies of the region and the nation. PSPA member companies are 
committed to the sound management and long term health of fishery resources and protection of the 
marine environment upon which those resources depend.

Pacific Seafood Processors Association website: www.pspafish.net

The North Pacific Marine Science Organization (PICES) coordinates and promotes 
marine scientific research in the temperate and sub-Arctic region of the North 
Pacific Ocean and its adjacent seas, especially northward from 30°N. PICES is 
an intergovernmental scientific organization with 6 member countries (Canada, 
Japan, People’s Republic of China, Republic of Korea, Russian Federation, and the 
United States of America), and its goals are to (1) advance scientific knowledge 
and capacity available for the member countries, including information on 
human activities affecting, and affected by marine ecosystems, and (2) provide 
a mechanism for collaboration among scientists in addressing timely and critical 

scientific questions. The PICES Strategic Plan, approved in 2011, identifies themes and specific goals 
for the Organization to implement in order to fulfil its mission. PICES activities are further guided 
by its current 10-year integrative science program FUTURE (Forecasting and Understanding Trends 
Uncertainty and Responses of North Pacific Marine Ecosystems) undertaken to understand how marine 
ecosystems in the North Pacific respond to climate change and human activities, to forecast ecosystem 
status based on a contemporary understanding of how nature functions, and to communicate new 
insights to its members, governments, stakeholders and the public.

PICES website: www.pices.int
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Critical periods in the marine life history of Pacific salmon

David W. Welch*, Aswea D. Porter, and Erin L. Rechisky

Kintama Research Services Ltd., 10-1850 Northfield Road, Nanaimo, BC, Canada
(Email: david.welch@kintama.com)

It is now one century since Hjort proposed his “critical period” hypothesis: That very early in the 
life history of marine fish a single period la gely determined the major fluctuations in recruitment evident 
in fish populations.  For salmon populations, this typically meant proposing that the “salmon problem 
(poor smolt to adult survival rates) was determined either in freshwater, the first few weeks of life in the 
ocean or in the first marine winter.  The issue of whether specific critical periods really exist (and thus 
make studying the recruitment problem potentially more tractable) has never been formally examined. 

We have measured smolt to adult return rates (SARs) for three populations using long-lived 
acoustic tags (Cultus & Sakinaw Lake sockeye; Snake River Chinook) and obtained similar survivals 
as for the untagged run.  This allows us to compare the ratio of early marine survival (using the POST 
array) to the inferred later-stage survival necessary to achieve observed SARs for a wider range of tagged 
populations.

In each population studied, survival measured over the first month or so is much higher than 
survival in the later marine phase, and freshwater survival from release to the mouth of the Fraser and 
Columbia Rivers is particularly high compared to the marine phase survival.  In all populations examined, 
inferred survival beyond the geographic extent of the POST array was substantially lower than measured 
survival within the array.  

Overall, our results point to the majority of salmon survival being determined after the first 1- 
months of migration.  Of particular importance, our direct measurements of survival in the early phase of 
the migration are too high to largely account for the 10-fold decline in SARs seen for many populations 
since the 1980s—even the complete elimination of all possible sources of current mortality in the early 
marine phase would be insufficient to return SARs to their historic levels.  

It may thus be time to retire the concept of “critical” periods and to consider all phases of the life 
history of salmon important, rather than to start from the simplifying assumption that one or a few periods 
are of overriding importance and then build research programs on the basis of this assumption.  From this 
perspective, the first phase of a scientific research program should be to evaluate whether a particular life 
history period is really “critically” important, rather than to simply assume it to be true. 

Keynote-1 Presentation
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Avian predation on juvenile salmon: the role of alternative prey, 
environmental variation, and implications for the future

Laurie A. Weitkamp*1, Thomas P. Good2, Donald E. Lyons3, and Daniel D. Roby4

1Conservation Biology Division, Northwest Fisheries Science Center (NWFSC), National Marine 
Fisheries Service (NMFS), U.S. National Oceanic and Atmospheric Administration (NOAA),  
2032 SE Marine Sciences Drive, Newport, OR 97365, USA (Email: Laurie.Weitkamp@noaa.gov)

2Conservation Biology Division, NWFSC, NMFS, U.S. NOAA, 2725 Montlake Blvd. E., 
Seattle WA, 98112 USA

3Oregon Cooperative Fish and Wildlife Research Unit, Department of Fisheries and Wildlife, 
104 Nash Hall, Oregon State University, Corvallis, OR 97331, USA

4U.S. Geological Survey-Oregon Cooperative Fish and Wildlife Research Unit, 104 Nash Hall, 
Oregon State University, Corvallis, OR  97331, USA

Predation is often cited as the ultimate cause of mortality for juvenile salmon in marine waters, 
but the factors that influence the susceptibility of salmon to predators are poorly understood. We use 
the Columbia River estuary as a model ecosystem to explore the relationship between avian predators, 
alternative prey, environmental variation, and predation on juvenile Pacific salmonids Oncorhynchus 
spp.).  By combining independent data sets of (1) diet composition for two highly piscivorous seabird 
species that are abundant in the Columbia River estuary, Caspian Terns (Hydroprogne caspia) and Double-
crested Cormorants (Phalacrocorax auritus), and (2) the pelagic fish assemblage in the lower estuary 
over seven years in common (2007-2013), we have been able to explore prey selectivity by the birds and 
the influence of alternative prey and environmental variation on their consumption of juvenile salmonids. 
Our results show that avian predation is influenced by both salmonid abundance and the composition and 
abundance of the estuarine fish assemblage, which in turn is influenced by both freshwater (river flow) a 
marine (upwelling and sea surface temperature) environmental variation.  In addition, the importance of 
alternative prey to predation on juvenile salmonids differs between the two avian predators.  Our results 
indicate that this predation is driven by complex interactions between physical and biological factors and 
the predators’ species-specific foraging ecology.  Accordingly, our findings suggest that predation
on juvenile salmonids by some predators is likely to change in the future as alternative prey respond to 
changing environmental conditions associated with climate change, while predation by other predators 
may be largely unaffected by such changes.  These results from estuarine habitats provide a useful model 
for interactions between predators, alternative prey, environmental variation, and salmonids that apply to 
marine habitats as well, but which are much more difficult to study.
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Migration of juvenile chum salmon (Oncorhynchus keta) near Kushiro on the 
southeast coast of Hokkaido, northern Japan

Kiyoshi Kasugai*1, Hayato Saneyoshi2, Tomoya Aoyama3, Yoshihito Shinriki3, Anai Iijima1, and 
Yasuyuki Miyakoshi1

1Salmon and Freshwater Fisheries Research Institute, 3-373 Kitakashiwagi, Eniwa, Hokkaido 061-1433, 
Japan (Email: kasugai-kiyoshi@hro.or.jp)

2Doto Research Branch, Salmon and Freshwater Fisheries Research Institute, 3-1-10 Maruyama, 
Nakashibetsu, Hokkaido 086-1164, Japan

3Donan Research Branch, Salmon and Freshwater Fisheries Research Institute, 
189-43 Kumaishi-ayukawa, Yakumo, Hokkaido 043-0402, Japan

The Kushiro area is on the southeast coast of Hokkaido, where a cold current with low salinity 
(Coastal Oyashio Current) flows westward near the shore from spring to summer.  Therefore, the coastal 
water temperature in this area increases slowly.  We surveyed the distribution and migration of juvenile 
chum salmon from 2012 in order to understand the recent poor chum salmon returns to the Kushiro River. 
The surveys consisted of daytime observations and nighttime collecting in the harbors, and surface trawls 
in nearshore areas (within 4 km of shore) that were conducted in 10-day intervals between late April and 
late July.  Recent studies have suggested that chum salmon fry might drift westward owing to the Coastal 
Oyashio Current, however salmon fry that are released into the Kushiro River migrate to the western 
and eastern sides of the Kushiro River mouth from late April.  Many juvenile chum salmon appear in 
the Kushiro nearshore area after late May-early June when sea surface temperatures (SST) exceed 8°C.  
We speculated that most juvenile chum salmon that are caught in the Kushiro nearshore area after June 
might have grown outside Kushiro nearshore area because of gap in body length between marked fish 
recaptured in the harbors and those in Kushiro nearshore area.  In mid-late June, large juveniles appeared 
in the Kushiro nearshore area.  Recaptures of otolith-marked fish suggest that most of the large juveniles 
were released in other regions west of Kushiro.  Juvenile chum salmon were infrequently caught in the 
Kushiro nearshore area after early July when the SSTs did not often exceed the preferable SST.  In the 
Kushiro nearshore area, many juvenile chum salmon were caught at sampling sites 1 km from shore but 
not 4 km from the shore.  Therefore, juvenile chum salmon probably migrated through the narrow zone 
near the Kushiro shore.  The migration of juvenile chum salmon was influenced by season progression 
and increased SSTs.  The coastal environment of the Kushiro area, where juvenile chum salmon migrated 
through the narrow zone between the Coastal Oyashio Current and the shoreline, affected the survival of 
juvenile chum salmon.  In addition, climate change might greatly influence the survival of juvenile chum 
salmon in the Kushiro area, where harbor development has changed the physical conditions there.
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Blue highways and roadblocks for California Current steelhead stocks

Sean A. Hayes*, and Jeffrey Harding

NOAA NMFS Southwest Fisheries Science Center (SWFSC) Fisheries Ecology Division, 110 Shaffer Rd, 
Santa Cruz, CA 95060, USA  (Email: sean.hayes@noaa.gov)

The ocean ecology of steelhead (Oncorhynchus mykiss) in the California Current is poorly 
understood, with a general understanding this species spends little time in this portion of the ocean.  
Most survey effort has focused along the Oregon and Washington coasts, first with purse seines in the 
early 1980’s, and then surface trawls during the late 1990’s through 2014.  Additional archival tagging 
work from California waters report steelhead emigrating from and returning to this section of coast 
during periods when their preferred sea surface temperatures (SST) are present.  Typically, steelhead are 
present March through June, and then rarely observed during later summer months, when it is thought 
they migrate to the Gulf of Alaska and Central North Pacific until return just prior to river entry for 
spawning.  However, counter to these previous observations, recent surveys by the NOAA SWFSC off 
the Southern Oregon and Northern California Coasts have observed steelhead late June through mid-
July primarily in the Klamath region of Northern California.  Opportunistic surveys in September report 
fewer steelhead.  Analysis of SST in the region identifies a unique ‘micro-climate' region corresponding 
to steelhead preferred SST into July.  However these temperatures warm above their preferences by 
September.  This leads to a hypothesis that unique temperature patterns in the Klamath region may 
have allowed for development of the alternative life history pattern known as the half-pounder, which 
would be able to exploit preferred marine SST’s into late summer.  After ultimately being cut-off from 
migratory pathways with preferred SST, perhaps fish choose to retreat back into the river.  This raises 
greater implications for steelhead use of the California Current, where despite inhabiting rivers in warm 
dry Mediterranean climates, the extended range and stability of southern steelhead distribution is likely 
buffered by cool upwelled waters.  Determining the rate of marine habitat changes in the Pacific Ocean is 
important to the conservation of this species.  Two questions and concerns for the anadromous life history 
in California, is (1) whether upwelling processes which preserve coastal temperature requirements for 
steelhead migration pathways will remain stable, and (2) whether potential range and connectivity to north 
Pacific waters will change, either increasing migration distances or blocking pathways that may be define 
by temperature patterns.  Expanding warming periods could lead to disruptions in the space-time availability 
of these pathways with respect to favorable/acceptable ocean temperatures and could negatively impact 
anadromous life histories, challenging adaptability to ocean ecosystems under climate change.
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Adaptive hatchery strategy to moderate the local variation and reduction of 
Hokkaido salmon in relation to ocean conditions

Mitsuhiro Nagata*1, Yasuyuki Miyakoshi1, Makoto Fujiwara1, Kiyoshi Kasugai1, Daisei Ando1, 
Anai Iijima1, Mitsuru Torao2, and Hayato Saneyoshi2

1Salmon and Freshwater Fisheries Research Institute, Hokkaido Research Organization, Kitahashiwagi-3, 
Eniwa, Hokkaido 061-1433, Japan (Email: nagata-mitsuhiro@hro.or.jp)

2Doto Research Branch, Salmon and Freshwater Fisheries Research Institute, 3-1-10 Maruyama, 
Nakashibetsu, Hokkaido 086-1164, Japan

Chum and pink salmon in Hokkaido remarkably increased since 1980s and 1990s, respectively 
maybe thanks to favorable ocean conditions and/or hatchery improvement.  However, chum salmon have 
been expanding the variation among localities since late 1990s, and recently have been rapidly deceasing 
in southern Japan Sea, Nemuro Strait and eastern Pacific Ocean.  Pink salmon with high abundance 
also reduced remarkably in Okhotsk Sea including Nemuro Strait since late 2000s.  We have surveyed 
pink and chum salmon dynamics in relation to coastal ocean condition in different areas to testify the 
match-mismatch hypothesis in early life since early 2000s.  In Okhotsk Sea, we found that the sea water 
temperature affects the distribution and growth of salmon juveniles, especially below 8°C restricts 
expanding of juvenile distribution and over 13°C accelerates inevitable and passive offshore-movement.  
These thermal impacts induce loss of growth and fish quality, and resultantly cause low survival, being 
partly supported by mark-recapture experiments.  Release timing is recommended to meet the optimal 
coastal seawater temperature.  In eastern Pacific Ocean, a different scenario is thought on the relation 
between chum salmon juvenile distribution and seawater temperature because this area is occupied by 
cold Coastal Oyashio Water below 8°C in spring season differing from Okhotsk Sea affected by Soya 
Warm Water.  In southern Japan Sea, in addition to ocean conditions in early life, adult return of early-run 
chum salmon is getting more severe because of warmer coastal water over 20°C in September.  Although 
originally there used to be both early-run (September - October) and late-run chum populations (December 
- January) in Japan Sea, hatchery programs focused on early run populations because of convenience of 
commercial harvest.  However, to compensate the reduction of early-run populations, recovery of late-run 
populations is needed.  As ocean conditions is uncertainly influenced by variation of water current
and air temperature induced by climate change, we continue to monitor biological and oceanographic 
aspects to let hatchery programs meet optimal ocean conditions.  In addition, it is suggested that while 
genetic diversity of Japanese hatchery chum salmon is high, their genetic differentiation is weak due 
to homogenization by transplantation.  If it is true, hatchery salmon may be weak to change in ocean 
conditions related to climate change.  Therefore, conservation of wild salmon and restriction of egg-
transplantation should be needed to sustain high abundance of salmon resources in Hokkaido. 
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   1a. Initial period of marine life

First measures at a population and stock level of early marine migration 
timing, growth and condition of Fraser River sockeye salmon

Chrys M. Neville*1, Stewart C. Johnson1, Timber Whitehouse2, Joe Tadey3, Terry D. Beacham1, 
and Marc Trudel1,4 

1Pacific Biological Station, Fisheries and Oceans Canada  Nanaimo, BC V9T 6N7, Canada 
(Email: chrys.neville@dfo-mpo.gc.ca) 

2Fisheries and Oceans Canada, Fraser Stock Assessment, Kamloops, BC, Canada

3Fisheries and Oceans Canada, Fraser Stock Assessment, Delta, BC,  Canada

 4Department of Biology, University of Victoria, Victoria, BC, Canada

The response of salmon to conditions experienced during their first few months in seawater 
is considered critical with respect to establishing rates of marine survival (smolt-adult).  Fraser River 
sockeye salmon is one of Canada’s most valuable salmon stocks and declining production during the 
2000s followed by extreme low and high returns has demonstrated our limited understanding of factors 
regulating their survival, especially in the early marine period.  A commission of inquiry into the causes 
of decline of Fraser River sockeye salmon recommended that research on the interactions between 
wild and farmed salmon be undertaken to ensure that the impacts of finfish aquaculture on wild fish 
minimized.  However, due to the poor understanding of the migration timing of Fraser River sockeye 
salmon, determining potential interaction between the wild and farmed salmon is difficult.  Publication 
on residence timing within the Strait of Georgia and migration timing out of the Strait of Georgia and 
through Johnstone Strait have been based on acoustic tagging of larger 2 year old smolts and from 
modelled migration timing based on peak abundance within the Strait of Georgia.  Results from these two 
methods very widely and neither of the previous approaches have been able to examine the variability in 
migration timing by stock or determine the growth rates of the juveniles during their residence in the Strait 
of Georgia.  

Our current study sampled migrating juvenile Fraser River sockeye salmon in the lower Fraser 
River and approximately 300 km north in the lower Johnstone Strait, between Vancouver Island and the 
British Columbia mainland.  The sampling locations are two “choke points” or narrow passages that 
virtually all fish have to pass over their migration window (April-July). The ability to sample virtually the 
entire population at two geographically distinct regions provided the first complete measures of residence 
timing within the Strait of Georgia at the population level.  Results from sampling in 2014 indicated that 
the juveniles were resident and rearing in the Strait of Georgia for about seven weeks and passed through 
the Discovery Islands over a 2-3 week window.  This period of transit through the Discovery Islands is 
critical to managers and scientists examining potential interactions between the wild and farmed salmon.  
In addition, the study provided a unique opportunity to examine changes in size and condition of the 
juvenile salmon over their first two months in the ocean and provide new information on factors that may 
affect their survival.  
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Pacific salmon and steelhead: Life in a changing winter ocean

Katherine W. Myers*1, James R. Irvine2, Elizabeth A. Logerwell3, Shigehiko Urawa4, 
Svetlana V. Naydenko5, Alexander V. Zavolokin5, and Nancy D. Davis6

1School of Aquatic & Fishery Sciences, University of Washington (Retired), Seattle, WA, USA 
(Email: kwmyers@uw.edu)

2Pacific Biological Station, Fisheries and Oceans Canada  Nanaimo, BC V9T 6N7, Canada

3NOAA Alaska Fisheries Science Center, Seattle, WA, USA

4Hokkaido National Fisheries Research Institute, Fisheries Research Agency, Sapporo, Japan

5Pacific Scientific Research Fisheries Centre (TINRO-Centre), Vladivostok, Russia

6North Pacific Anadromous Fish Commission, Vancouver, BC, Canada

How Pacific salmon and steelhead Oncorhynchus spp.) respond to seasonal and interannual 
changes in their marine environment is highly uncertain, in part due to limited information on ocean life 
history and ecology, especially during winter.  We provide an overview of what is known and needs to 
be known about winter ocean life history and ecology of Oncorhynchus to address the central question: 
Where do Pacific salmon go in the winter and why, and how might this be affected by climate change?  
Historical research programs (1950s-1980s) established the ‘stock concept’ of oceanic distribution of 
Oncorhynchus, determined the dominant oceanographic features (currents, water masses, temperature-
salinity) in regions where Oncorhynchus migrate, and discovered that Oncorhynchus exhibit broad 
seasonal (north-south) movements, with most Bering Sea salmon overwintering in areas south of the 
Aleutian Islands chain during winter.  In recent decades (1990s-2010s), new fisheries-oceanographic 
survey methods, stock-identification techniques, remote sensing technologies, and analytical method 
have expanded understanding of the winter ecology of Oncorhynchus, although empirical data are still 
very limited.  In general, we learned that the “why” of ocean distribution of Oncorhynchus is complex 
and variable, depending on spatiotemporal scale and synergies among heredity, environment, population 
dynamics (abundance and density-dependence), and phenotypic plasticity (ability of an individual fish to 
alter its biochemistry, physiology, behavior, and life history in response to environmental stimuli and 
cues).  The development of quantitative multispecies, multistage models of ocean distribution of 
Oncorhynchus linked to oceanographic features would help to identify key factors influencing winter 
distribution and improve understanding of potential climate change effects.

 1b. Winter Period

Keynote-2 Presentation
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Is the winter the critical period of the marine life of Pacific salmon?

Svetlana V. Naydenko*, and Olga Temnykh

Pacific Research Fisheries Center (TINRO-Center), 4 Shevchenko Alley, Vladivostok 690950, Russia 
(Email: naydenko@tinro.ru)

Russian surveys in winter and early spring (1986-1992 and 2009-2011) in the North West Pacific 
Ocean have expanded our knowledge Pacific salmon biology during these periods. 

The data on spatial distribution of Pacific salmon in relation with oceanographic conditions were 
obtained.  In winter and early spring periods the Pacific salmon, in particular pink and chum salmon 
inhabits mainly Subarctic Frontal Zone and neighboring North waters with a wide range of values of 
temperature and salinity.  The epipelagic waters of Subarctic Frontal Zone is a biotope of “comfortable” 
dwelling of salmon in these periods, therefore the salmon distribution depends on the provision of frontal 
zone and differs seasonally and inter-annually.

The forage resources of epipelagic waters of Subarctic Frontal Zone in winter and early spring are 
lower than in the summer and autumn in different areas of far-eastern seas, but poor food conditions for 
salmon wasn’t observed.  The food supply for Pacific salmon in epipelagic of the northwestern Pacific  
much higher than the total food consumed by all epipelagic nekton.  Food resources consumed by Pacific 
salmon represent a minor part of the total macro-zooplankton biomass.  Besides salmon are the main 
consumers of food resources in this region in winter and early spring periods, and are capable to move in 
search of food actively.  Therefore the food supply for salmon in winter is sufficient and isn't factor 
affecting on survival of salmon in the Subarctic Frontal Zone.  The decrease feeding activity of salmon in 
the winter (in comparing with summer and fall), the poor content of lipids and changing profiles of fatty 
acids in salmon’s muscle could be related with physiological cycles interchanging at salmon during fall-
to-winter.

The survival of pink salmon in winter was estimated for the years 2004 to 2013.  The survival of 
pink salmon varied from 20% (2003-2004) to 64% (2008-2009), averaging 39%.  The increased winter 
survival of pink salmon in 2008-2012 provided high-abundant approaches of salmon to the coast of Sea of 
Okhotsk.  We hypothesize that the winter survival of pink salmon is linked to their diets and growth during 
summer feeding period, and their nutritional (lipid) status in fall.

Session 1. Migration and survival mechanisms of salmonids during critical periods in their marine life history
 1b. Winter Period 



NPAFC Symposium 2015 Oral Presentations. Abstracts. Session 1b.

9

Session 1. Migration and survival mechanisms of salmonids during critical periods in their marine life history 
 1b. Winter period

Is winter a critical period for Pacific salmon? A critical review of the 
“critical-period” hypothesis

Marc Trudel*1,2, Terry Beacham1, and James Irvine1

1Fisheries and Oceans Canada, Pacific Biological Station, 3190 Hammond Bay Road, Nanaimo, 
BC V9T 6N7, Canada, (Email: Marc.Trudel@dfo-mpo.gc.ca)

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

In a seminal paper published one hundred years ago, Hjort hypothesized that for Norwegian 
herring and cod stocks, year-class strength, defined as the abundance of a given cohort, was determined 
during a critical period very early in the fishes life history.  More recently, Beamish and Mahnken 
applied the critical period concept to Pacific salmon, proposing two marine critical periods: an early 
predation-based mortality that occurs during the first few weeks following ocean entry, and a starvation-
based mortality period during the first fall and winter at sea.  Because the susceptibility to predation and 
starvation is generally affected by size in fish, they further hypothesized that size-dependent mortality 
would be apparent in Pacific salmon during these critical periods. In this presentation, we review the 
research conducted on overwinter mortality of Pacific salmon during their first year at sea.  Our review 
shows there is some evidence that overwinter mortality is size-selective in juvenile Pacific salmon. 
However, there is little evidence to date that year class strength is regulated by overwinter mortality for 
Pacific salmon.  Further tests of the critical period hypothesis will require direct estimation of overwinter 
mortality over at least several years.
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Energy dynamics and growth of juvenile Chinook salmon 
(Oncorhynchus tshawytscha) in the Gulf of Alaska and Bering Sea

Jamal H. Moss*, James M. Murphy, Emily A. Fergusson, and Ron A. Heintz

Ted Stevens Marine Research Institute, Alaska Fisheries Science Center, NOAA Fisheries, 
17109 Point Lena Loop Road, Juneau, AK 99801, USA (Email: Jamal.moss@noaa.gov) 

The relative importance of allocating energy toward storage versus somatic growth for juvenile 
Pacific salmon is influenced by selective pressure, which is controlled by genetic and environmental 
forcing.  Regional differences in energy allocation strategy are believed to reflect counter gradient 
variation, where higher latitude populations allocate more energy to storage in order to meet greater 
demands for overwinter survival in northern regions.  Regional and stock-specific relationships of energy 
density to body weight (kJ/gram) for juvenile chum (Oncorhynchus keta) and Chinook salmon (O. 
tshawytscha) originating as far south as the Pacific Northwest and as far north as the northern Bering 
Sea were investigated to quantify the importance of latitude on the phenology of each species.  Wild and 
hatchery Chinook salmon increased energy stores with latitude confirming genetic adaptation by northern 
latitude populations where increased energy stores are required to survive longer, darker, and colder 
winters.  Energy density increased at a lower rate in the Gulf of Alaska where shorter winters allow for a 
greater photoperiod increasing foraging opportunities for visual foragers and warmer ocean temperatures 
are less energetically taxing.  Juvenile chum salmon displayed the same trend as Chinook; however, their 
energy density did not increase with size at as great a rate.
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Recent changes in Pacific climate and North American salmon

Ryan Rykaczewski*1, and Emanuele Di Lorenzo2

1Department of Biology, University of South Carolina, Columbia, SC 29208, USA (Email: rykaczer@
mailbox.sc.edu)

2School of Earth and Atmospheric Sciences, Georgia Institute of Technology, 311 Ferst Drive, Atlanta, 
GA 30332-0340, USA

Over the last three decades the climate statistics of the Pacific have exhibited significant change 
that have impacted marine ecosystems, both the lower-trophic and higher trophic levels, including 
salmon.  Changes in the flavors of the El Niños, hiatus in global surface temperature trends, and the 
recent unprecedented warming of the North Pacific in 2014 are all considered important signs of the non-
stationary nature of Pacific climate variability and change. These non-stationary effects are reflected also 
in key biological indicators such as salmon survival rates.  Understanding the mechanisms of Pacific 
climate and their links to Pacific marine ecosystems is critical to make process-based projections of 
the salmon response to future changes in Pacific climate.  In this talk we will review the advances an 
challenges underlying the recent changes of Pacific climate, their possible relation to greenhouse forcing 
and their impacts on Pacific salmon.

Keynote-3 Presentation
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Habitat change projections for Pacific salmon (Oncorhynchus spp.) in the 
North Pacific and adjacent seas based on CMIP5 climate models

Shoshiro Minobe*1, James R. Irvine2, Alexander V. Zavolokin3, Shigehiko Urawa4, 
Hiromichi Ueno5, Elizabeth A. Logerwell6, Katherine W. Myers7, and Mio Terada1

1Graduate School of Science, Hokkaido University, Sapporo, Japan.  (E-mail: minobe@sci.hokudai.ac.jp) 

2Pacific Biological Station, Fisheries and Oceans Canada  Nanaimo, BC V9T 6N7, Canada; 

3Pacific Scientific Research Fisheries Centre (TINRO-Centre), Vladivostok, Russia; 

4Hokkaido National Fisheries Research Institute, Fisheries Research Agency, Sapporo, Japan; 

5Graduate School of Fisheries Sciences, Hokkaido University, Sapporo, Japan; 

6NOAA Alaska Fisheries Science Center, Seattle, WA, USA; 

7School of Aquatic & Fishery Sciences, University of Washington (Retired), Seattle, WA, USA

Climate change is affecting Pacific salmon Oncorhynchus) species in multiple ways including 
the abundance and distribution of thermally suitable oceanic habitat.  A 2011 paper (Can. J. Fish. Aquat. 
Sci. 68:1660-80) investigated changes in available habitat of suitable sea surface temperature (SST) for 
salmon using climate model outputs from the Coupled Model Intercomparison Project Phase 3 (CMIP3).  
CMIP3 results were used in the previous Fourth Assessment Report of the Intergovernmental Panel on 
Climate Change (IPCC) published in 2007.  We repeated the thermal habitat analysis employing the 
more recent CMIP5, used in the IPCC Fifth Assessment Report.  CMIP5 models show that warming is 
expected to be stronger in summer than winter over the Bering-Okhotsk seas and western subarctic North 
Pacific.  Surface zooplankton are projected to decrease in the Gulf of Alaska and western North Pacific 
but may increase slightly in the western Bering and Okhotsk seas.  Our preliminary results suggest that 
thermal habitats of salmon will generally shift to the north and west due to warming, and that summer 
habitat may be impacted more than winter habitat.  The apparent effects of warming differ by species 
because of species-specific differences in seasonal (winter, summer) thermal habitat ranges used in the 
analysis.  For example, Chinook salmon are expected to be impacted more than other species, particularly 
during summer.  Coho salmon and steelhead may initially benefit from warming, while sockeye salmon 
habitat will be reduced year-round.  At the Symposium, we will present results of an updated analysis 
using not only temperature but also salinity data with CMIP5.  It is widely recognized that salinity will 
systematically change in future, associated with the enhanced water circulation in the warmed and thus 
moistened atmosphere.  Future salmon habitat will be estimated at finer spatial and temporal scales than 
previous analyses.  We are in the process of assembling data from recent and previously unpublished high 
seas surveys to obtain salmon habitat information with respect to temperature and salinity for our analysis.

Session 2. Climate change impacts on salmonid production and their marine ecosystems 
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Distribution, diet, and bycatch of chum salmon in the eastern Bering Sea

James M. Murphy1, Edward. V. Farley, Jr*1, James N. Ianelli2, and Diana L. Stram3

1Alaska Fisheries Science Center, National Marine Fisheries Service, 17109 Pt. Lena Loop Rd, 
Juneau, AK 99801, USA  (Email: jim.murphy@noaa.gov)

2Alaska Fisheries Science Center, National Marine Fisheries Service, 7600 Sand Point Way NE 
Building 4, Seattle, WA 98115, USA

3North Pacific Fishery Management Council, 605 West 4th, Suite 306, Anchorage, AK 99501, USA

The number of chum salmon (Oncorhynchus keta) captured incidentally as bycatch in pollock 
(Gadus chalcogrammus) directed trawl fisheries in the eastern Bering Sea has varied significant 
since the inception of the North Pacific Observer Program in 1991, ranging from a high of 700,000 in 
2005 to a low of 13,000 in 2010.   Bycatch exploitation rates of chum salmon are low but co-vary with 
bycatch, indicating that changes in bycatch numbers over time reflect the impact of bycatch, not stock 
abundance.  Surface trawl distributions of chum salmon reveal that much of the bycatch is driven by 
the movement of large immature chum salmon from the basin onto the shelf.  Although multiple factors 
impact the spatial distribution of salmon and ultimately on-shelf movement of chum salmon, prey field 
and foraging behavior of salmon typically have the largest impact on meso-scale distribution patterns 
when salmon are actively feeding.  Diets of chum salmon in the eastern Bering Sea vary significantly by 
time and location, but identify distinctively different foraging patterns of chum salmon during years of 
high bycatch (2004-2006); chum salmon diets were primarily age-0 pollock during this period.  Bycatch is 
positively correlated with surface densities of age-0 pollock on the eastern Bering Sea shelf, but are most 
significantly correlated with age-0 pollock in the region where bycatch occurs. These results highlight 
the importance of foraging behavior of chum salmon to the formation of bycatch hotspots and bycatch 
potential of chum salmon within pollock fisheries in the eastern Bering Sea.

Session 2. Climate change impacts on salmonid production and their marine ecosystems 
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Trends in the physical forcing and biological response in the northern 
California Current: 20 years of biweekly observations of hydrography, 
nutrients and plankton along the Newport Hydrographic Line 
(Newport Oregon)

William T. Peterson1, Jay O. Peterson2, Jennifer Fisher2, Cheryl A. Morgan2, and Laurie A. Weitkamp*1 

1 NOAA-Fisheries, Northwest Fisheries Science Center, Hatfield Marine Science  Center, Newport, 
OR 97365, USA (Email: bill.peterson@noaa.gov)

2Oregon State University, Cooperative Institute for Marine Resources Studies, Hatfield Marine Science
Center, Newport, OR 97365, USA

We have been studying seasonal and interannual variations in the hydrography as well as the 
abundance, species composition and community structure of plankton in the coastal upwelling zone in 
the northern California Current (NCC) since 1996.  Seven stations are sampled biweekly along a transect 
(44.6°N) that spans continental shelf and slope waters at 44.6°N.  Standard measurements include water 
column profiles of temperature, salinity, fluorescence and oxygen, whole water samples for nutrients, 
chlorophyll and phytoplankton species composition, and plankton net tows for zooplankton, krill and fish 
eggs and larvae.  Ecological indicators such as biodiversity produced from this time series characterize 
the species abundance and community structure of phytoplankton, copepods, krill and ichthyoplankton; 
other indicators track changes in bioenergetics of the food web, including the biomass of northern and 
southern copepod species (indicators of ‘lipid-rich’ and ‘lipid-depleted’ food chains, respectively).  
Significant correlations are found between the northern and southern copepods and salmon returns (coho 
and Chinook salmon), sardines and  sablefish recruitment and juvenile rockfish community structure  
well as recruitment of mole crabs (Emerita) and the invasive European green crab (Carcinus maena).  
Interannual variability in food chain structure is correlated significantly with all three of the basin-scale 
climate oscillators: the Pacific Decadal Oscillation, the El Niño Southern Oscillation and the North Pacific 
Gyre Oscillation, suggesting that any change in the magnitude or frequency of these oscillations due to 
global climate change will have sudden and dramatic impacts on food chain structure and production of 
salmonids in the North Pacific.  Perhaps surprisingly, coastal upwelling strength is not correlated with 
abundance or species composition of phytoplankton and zooplankton in continental shelf waters of the 
NCC Current thus potential  mechanistic links between upwelling→zooplankton→salmon remain elusive, 
thus concerns over potential change in upwelling in the future may be for naught.  In our view, research 
should focus on what global climate models can tell us about anticipated changes in the PDO, ENSO and 
NPGO, however at present these models do not seem to have sufficient resolution to allow analyses
of each the three drivers, either separately or as couplets. Overall, our findings should be of interest to 
managers because the information reveals mechanisms of how basin-scale climate drivers such as the PDO 
and ENSO affect many fisheries in the NCC; moreover the indicators provide early warning of future 
recruitment variability as well as a unique view of how variable ocean conditions affect the pelagic marine 
ecosystems.  

Session 2. Climate change impacts on salmonid production and their marine ecosystems 
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Climate variability and Korean chum salmon production

Suam Kim*1, Ju Kyoung Kim2, Chung Il Lee3, and Sukyung Kang4

1Dept. of Marine Biology, Pukyong National University, Busan 608-737, Korea  
(Email: suamkim@pknu.ac.kr)

2Yangyang Salmon Station, East Sea Branch of FIRA, Yangyang-gun, Gangwon-do 215-821, Korea

3Dept. of Marine Bioscience, Gangneung-Wonju National University, 210-702, Korea

4Fisheries Resources Management Division, NFRDI, Busan 619-705, Korea

Korean waters is regarded as the southern limit of chum salmon distribution in the North Pacific, 
so that the migration range of Korean chum salmon is the longest among salmon species in Pacific Ocean. 
It is generally accepted phenomena for northern fish stocks that the production as well as biological 
behavior are very sensitive to a changing climate at the southern boundary.  In order to investigate the 
relationship between climate variability and production of Korean chum salmon, therefore, time-series 
environmental indices such as Pacific Decadal Oscillation (PDO), Arctic Oscillation (AO), and monsoon 
were compared with chum salmon catch and return rate to Korean waters using some statistical tools.  
Korean catch of chum salmon spawners was collected from the Yangyang Salmon Station of Namdae 
River in Gangwon Province since 1969.  From 1990, however, the catch consists of set-net catch from 
coastal areas and hatchery catch located near river mouth.  Salmon enhancement program of the Korean 
Government started in 1970, and the release of fry chum salmon has continued more than 4 decades.  
Return rate of Korean chum salmon was estimated based on the ratio on total return to total release in 
Korean waters assuming age-3 chum salmon return to the rivers along the coast of southeastern Korean 
Peninsula.  The return rate of Korean chum salmon is much lower than those of other countries.  The 
results of cross-correlation function (CCF) analysis and cumulative sum (CuSum) of anomalies indicated 
that there were significant environmental changes in the North Pacific during the last four decades, a 
chum salmon production responded upon such environmental changes, though time-lag of response 
was different for each climate indices.  The favorable environments for fry chum salmon might cause 
better growth in the coastal areas, but higher growth rate during the early stage does not guarantee the 
improvement of return rate of spawning adults.  In this presentation, the reasons for low return rate 
of Korean chum salmon and the climate change effects on chum salmon production and biology were 
speculated.
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Impact of climatic variability in the Atlantic-Eurasian sector on status of 
Far East salmon stocks, 1950-2014

Andrey S. Krovnin*, Boris N. Kotenev, and Nataliya V. Klovach

Russian Federal Research Institute of Fisheries and Oceanography (VNIRO), 17 Verkhnyaya 
Krasnoselskaya, Moscow 107140, Russia (Email: akrovnin@vniro.ru)

It is well-known that Far East salmon stocks reveal multidecadal changes.  The period of high 
catches continued from the late 1930s till early 1950s, was followed by sharp drop in their biomass 
and catches in the 1960s.  In the early 1970s, a slight increase in salmon production has started.  Since 
the mid-1980s the catches rose sharply, with a peak in 2009, when the catches reached their historical 
maximum of 540,000 t.  This sharp increase in Far East salmon catches coincided with the prominent 
regime shift in the North Pacific (NP), which resulted in transition from the colder ocean to its warmer 
state in the late 1980s.  The warming was much more pronounced in the western half of the NP.  Using 
the EOF (Empirical Orthogonal Function) analysis, we have found that change in multidecadal trend of 
the western NP thermal conditions was closely related to changes in patterns of climatic variability in the 
North Atlantic (NA) via the “atmospheric bridge” across Eurasia.  Based on data for the 1950-2014, two 
modes of interaction between the NA and NP were found.  The first mode prevailed from 1950 to mid 
1970s and was associated with more western location of centers of the North Atlantic Oscillation (NAO).  
In the Northwest Pacific, this mode was manifested in more frequent severe and drier winters, heavier ice 
cover that led to unfavorable conditions for salmon survival.  The second mode was associated with the 
eastward shift of the NAO centers from the late 1970s to 2005-2006.  Its downstream effects resulted in 
milder and wet winters and favorable conditions for salmon survival during the marine stage of their life 
cycle.  After 2006, the NAO centers started to shift westward again.  This was accompanied by decline of 
pink salmon catches off the South Kurils, West Kamchatka, and Northeast Sakhalin.  We expect that this 
drop will continue in the second half of the 2010s and in the 2020s and will extend to salmon species with 
the longer life cycle.
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Temporal and spatial variation in a growth factor of Pacific salmon

Hiromichi Ueno*1, Moeko Otani1, Mitsuho Oe1, Yuxue Qin1, Maki Noguchi Aita2, 
Michio J. Kishi1, and Masahide Kaeriyama1

1Hokkaido University, N10 W5 Kita-ku, Sapporo 060-0810 Japan (Email: ueno@fish.hokudai.ac.jp)

2JAMSTEC, 3173-25 Showa-machi, Kanazawa-ku, Yokohama 236-0001, Japan

Temporal and spatial variation in a growth factor of Pacific salmon Oncorhynchus spp.) is 
investigated from the view point of bioenergetics.  The prey-density function for consumption is used as 
the growth factor.  For the estimation of the prey density, we used zooplankton density obtained from an 
ecosystem model, NEMURO embedded in a 3-D physical model.  In this study we focus on the three 
species of Pacific salmon (chum O. keta), pink (O. gorbuscha) and sockeye (O. nerka)), zooplankton 
feeders whose biomass exceeds 90% of Pacific salmon.  Empirical Orthogonal Function (EOF) analysis is 
conducted for the growth factor in the subarctic North Pacific during 1948–2007. The growth factor of 
Pacific salmon varies in a decadal timescale. The EOF 1st mode for the growth factor is related to the 
Pacific Decadal Oscillation (PDO).  Based on the spatial pattern of the EOF 1st mode, we select 5 key 
areas for the growth of Pacific salmon:  Bering Sea shelf, Bering Sea basin, western subarctic gyre, coastal 
Gulf of Alaska and eastern subarctic North Pacific. The variation of the growth factor in the Bering Sea, 
the western subarctic gyre and the eastern subarctic North Pacific are consistent with the variation of total 
catch of chum, pink and sockeye salmon.
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Feeding habits plasticity of maturing masu salmon (Oncorhynchus masou)  
in the Sea of Japan, under the different ages 

Toru Nagasawa*

Hokkaido National Fisheries Research Institute, 2-2 Nakanoshima, Toyohira-ku, Sapporo, 
Hokkaido 062-0922, Japan (Email: nagasat@affrc.go.jp)

Masu salmon migrate in the Sea of Japan in winter and spring for feeding and overwintering.  
Dominant food prey of masu salmon in the late 1980’s was the Japanese sardine (Sardinops 
melanostictus), and Japanese anchovy (Engraulis japoniocus) was the second important prey in wet 
weight.  These two preys shared more than 90% of total prey organisms of maturing masu salmon in late 
1980’s.  In mid-1960’s, total composition of prey fishes was about 40% of total prey organisms, and it 
was lower than that in late 1980’s.  The important prey fishes for maturing masu salmon in 1960's were 
more than 5 species including Pacific saury Cololabis saira), sand fish Arctoscopus japonicas), sand 
lance (Ammodytes personatus), arabesque greenling (Pleurogammus azonus), and pearlside (Maurolicus 
muelleri), etc.  Crustacean planktons including Euphausids and Amphipods were more important prey 
items for maturing masu salmon than fishes in the Sea of Japan in 1960's.  Average stomach contents 
weight of masu salmon in 1987 and 1988 (32.8 and 33.2 g) was higher than those of in 1965 and 1966 
(5.9 and 9.7 g).  The climate change affected the food habits of maturing masu salmon in the Sea of Japan 
thorough the abundance changing of Japanese sardine.
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Status of pink salmon in the Sakhalin-Kuril region in a long-term aspect 

Alexander M. Kaev*

Sakhalin Research Institute of Fisheries and Oceanography (SakhNIRO), 196, Komsomolskaya Str., 
Yuzhno-Sakhalinsk 693016, Russia (Email: a.kaev@sakhniro.ru)

Sakhalin-Kuril region has a very large pink salmon stock on the Asian coast of North Pacific; 
annual catches of this fish in 2001-2014 were 46,242 to 255,644 t (averaged 123,263 t). The monitoring 
data allow us to consider changes in pink salmon abundance in details (spawning – juvenile downstream 
migration – adult returns) only for the three areas with 65% of the total catches: southern Sakhalin 
coast (Aniva Bay), southeastern Sakhalin coast, and Iturup Island.  For the last 45 years there have been 
observed three periods with different levels of pink salmon abundance: low (to the late 1980s), mean 
(to the early 2000s), and high (2000s).  The increase in abundance was caused mainly by the higher fish 
survival during their marine life period, and not by the increase in fry migrant numbers.  Along with 
the increase in pink salmon abundance, their body sizes became larger.  The results of study of circulus 
spacing of the first ocean year (17 broods) and feeding conditions in the Sea of Okhotsk have shown that 
pink salmon growth is determined, to a greater extent, by a temperature regime, but not by a composition 
and number of food organisms.  Biological characteristics of pink salmon and dates of their approaches 
to shores are determined not only by environmental conditions, but also by the ratio of their early and late 
temporal forms. In the recent years we observed some decline in approaches for the early temporal form, 
especially noticeable in the southern areas that appeared to be a harbinger of the started now decline in 
pink salmon abundance. 
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Future climate-related changes in fish composition including chum 
salmon (Oncorhynchus keta) in northern Japanese waters,  
inferred from archaeological evidence

Yukimasa Ishida*1, Akihiro Yamada2, and Kazuya Nagasawa3

1National Research Institute of Far Seas Fisheries, Fisheries Research Agency, 5-7-1 Orido, Shimizu 
Ward, Shizuoka City, Shizuoka Prefecture 424-8633, Japan (Email: ishiday@fra.affrc.go.jp)

2Miyagi Prefectural Research Institute of The Tagajo Site, 1-22-1, Takahashi, Tagajo City, Miyagi 
Prefecture 985-0862, Japan 

3Laboratory of Aquaculture, Graduate School of Biosphere Science, Hiroshima University, 1-4-4 
Kagamiyama, Higashi-Hiroshima City, Hiroshima Prefecture 739-8523, Japan 

Fish remains found at two shell middens each in Kushiro (Hokkaido) and Miyagi (Tohoku), 
northern Japan are reviewed to infer future climate-related changes in fish composition including chum 
salmon (Oncorhynchus keta) in Japanese waters.  Seawater temperatures of fish distribution are also 
examined using the literature.  Marine fishes including chum salmon found at the shell middens in Kushiro 
(Hokkaido) and Satohama (Miyagi) are 12—16 and 13—17 species, respectively.  Sharks, Pacific herring, 
fat greenling, and Japanese seabass were commonly found in both locations.  Pacific cod and smelt were 
detected only in Kushiro, but flat head and filefish only in Satohama.  Based on data from Kushiro, mean 
seawater temperature (MST) is estimated to have declined from 16.1ºC in the early Jomon Period (6,000- 
5,000 yr BP) through 15.0ºC in the final Jomon Period (3,000-2,000 yr BP) to 14.1ºC in the Satsumon and 
Ainu periods (700-200 yr BP).  Similarly, data from Satohama suggest that MST decreased from 16.6ºC in 
the early Jomon Period through 16.2ºC in the middle Jomon Period (5,000-4,000 yr BP) to 15.9ºC in the 
final Jomon Period (3,000-2,000 yr BP).  In both locations, chum salmon were found only in a period when 
MST was lower than 16.1ºC.  MSTs estimated based on fish remains in the present study are different from 
those based on shellfish fossils in other studies. The former is thought as an index of fishing environment 
because the fishes found are migratory species, while the latter may be regarded as a index of living 
environment because the shellfishes found were almost stationary.  According to the IPCC report, global 
mean surface ocean temperature is projected to increase about 1.25ºC by 2060.  Based on such information, 
the present-day fish composition in northern Japan is likely to change in the future to the one observed in 
the final Jomon Period (3,000-2,000 yr BP).  Chum salmon production will decline in this region, but their 
stock will remain even in Tohoku.  Other fish production may be kept in good conditions in northern Japan. 
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Changes in trophic structure of epipelagic community in the western 
Bering Sea with an emphasis on Pacific salmon

Alexander V. Zavolokin*1, and Vladimir I. Radchenko2

1Pacific Scientific Research Fisheries Center (TINRO-Center), 4 Shevchenko Alley, Vladivostok 690091, 
Russia (Email: aleksandr.zavolokin@tinro-center.ru)

2North Pacific Anadromous Fish Commission (NPAFC), Suite 502, 889 West Pender Street, 
Vancouver, BC V6C 3B2, Canada

Last decades, the quantitative composition of nekton communities in the western Bering Sea 
changed greatly.  Based on the ecosystem model Ecopath, the comparative analysis of trophic structure 
of epipelagic community in the western Bering Sea was carried out and the role of Pacific salmon in 
dynamics of trophic flows was evaluated. We built two models describing the trophic structure of 
community (1) in the period of high walleye pollock biomass and low salmon biomass in 1980s (1986, as 
an example) and (2) in the period of sharply decreased pollock biomass and increasing salmon biomass 
in 2000s (2006).  Moreover, to evaluate possible changes in trophic flows we modeled the hypothetical 
situation, when the salmon biomass was multiplied by 1.5 relative to their biomass in 2006.  The trophic 
structure of epipelagic community in the western Bering Sea has greatly changed during the last 30 
years.  As a result of significant decrease in pollock abundance, the food consumption by the all nekton 
species decreased twofold.  Increase in salmon and squid abundance compensated only small part of the 
consumption reduction. 

From 1980s to 2000s, the salmon biomass increased tenfold in the western Bering Sea in a 
warm season.  This resulted in rising of their food consumption and changes in their diets from preys 
of relatively high trophic level (amphipods, squids) to ones of relatively low trophic level (euphausiids, 
copepods, pteropods).

After decrease in pollock abundance, Pacific salmon became the only numerous predator  
occupying fourth trophic level in the epipelagic layer of deep-water regions of the western Bering Sea.  
Due to high trophic plasticity, they can prey on wide variety of food items from the second to the third 
trophic levels that supplies them a large amount of food.  Modeled scenarios of further increase in salmon 
biomass (in 1.5 times relative to 2000s) reveal that the current level of forage supply is able to support 
salmon populations at even higher biomass than it was in 2000s.  Our results testify high amount of food 
resources for pelagic fish and sufficient carrying capacity of the western Bering Sea for Pacific salmon  
the current period of their high abundance.
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Pink salmon abundance and steelhead population characteristics – 
the Ying and Yang of 37 years of interspecies salmonid interactions at the 
Keogh River, British Columbia

Donald J.F. McCubbing*, and Douglas C. Braun

Instream Fisheries Research Inc. 1698 Platt Cres, North Vancouver, British Columbia, 
BC V7J1Y1, Canada  (Email: don@instream.net)

Pink salmon can have profound effects on both freshwater and marine ecosystems.  In freshwater, 
nutrient subsidies from returning Pacific salmon have been shown to influence the size and age  
rearing juvenile salmonids.  In addition, large abundances pink salmon in marine feeding areas have 
strong negative effects on other Pacific salmon species, through competition. These opposite effects of 
pink salmon on other salmon species make it difficult to understand the overall impacts of increasing 
pink salmon abundances.  In this study, we focus our analysis on the role of pink salmon as a source of 
nutrients in freshwater and their effects on steelhead life history and population dynamics and explore 
predictions about the effects of increasing pink salmon in the North Pacific on steelhead populations.  
Using an unprecedented 37-year time series from the Keogh River, British Columbia, Canada, we 
quantify the relationship between pink salmon spawner abundance and life history of steelhead smolts.  
We observed the effects of large pink salmon abundance (odd years) on the size of age-3 smolts, the 
dominant age class of out-migrants.  We also discovered that mean age of smolts out-migrating in a given 
year declined with both nutrient fertilization events and large pink salmon abundance by as much as one 
year, indicating increased smolt per spawner production with increased nutrients.  We then examined how 
changes in size and smolt production influenced marine survival and the returns of adult steelhead 
to freshwater.  Steelhead smolt survivorship of Keogh outmigrants has varied from highs of over 20% in 
the 1970’s and 80’s to lows of just over 2% since the late 1990’s with modest recent improvements (circa 
5% since 2008).  Increases in smolt size and production can influence marine survival and recruitment  
For example, a linear model based on pre 1990 indicated that increased marine survival occurred in smolt 
cohorts with larger mean lengths.  However, we re-analysed this relationship using recent data (1989- 
2008), which indicated, under generally poor ocean survival conditions (<5%), a poor correlation between 
mean smolt size and survivorship, thus increasing the proportional influence of smolt abundance over 
smolt size on adult steelhead returns to freshwater.  As steelhead smolt size and abundance are affected 
by pink salmon spawner abundance, the requirement to understand the functional relationships in these 
elements and their buffering effect on population declines in low ocean survival regimes, is likely a critical 
step in the future management of steelhead trout populations.  Finally, we discuss our results in the context 
of increasing numbers of pink salmon in the North Pacific and the evidence from researchers of a negative 
effect on steelhead trout feeding and condition.  
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Salmon population trends and species interactions in the North Pacific Ocean
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4National Marine Fisheries Service, Alaska Fisheries Science Center, 7109 Point Lena Loop Road, 
Juneau, AK 99801, USA 

5Fisheries and Oceans Canada, Pacific Biological Station  3190 Hammond Bay Road, 
Nanaimo, BC V9T 6N7, Canada

The North Pacific Ocean ecosystem supports an abundant and diverse suite of wild Pacific salmon 
and a large number of hatchery salmon.  Some species such as pink salmon have been exceptionally 
abundant, as evidenced by recent record returns in Asia and North America.  Other species such as 
Chinook salmon, particularly in Alaska, have declined in abundance, age, and size-at-age.  Because these 
patterns are shared among many populations, they highlight the potential importance of the North Pacific 
ecosystem, including complex interactions among physical oceanography, climate, and the epipelagic food 
web, in shaping patterns of salmon growth, survival, and abundance.  For example, there is evidence that 
ocean regime shifts influence sockeye salmon body size and abundance via changes in the epipelagic food 
web.  Although many studies have focused on the link between salmon production and physical attributes 
of the ocean, there is growing evidence that intraspecific and interspecific competition are important 
components of the ecosystem as well.  This evidence largely stems from pink salmon, whose abundance- 
-especially in odd-numbered years--has increased substantially in recent decades, likely in response 
to climate-related changes in the ecosystem.  Pink salmon now represent more than 70% of all adult 
salmonids, and this great abundance may have profound ecosystem consequences.  Recent analyses have 
highlighted how increasing numbers of pink salmon may alter marine ecosystems components including 
the productivity, body size, and age-at-maturation of sockeye salmon originating from the northeastern 
Pacific Ocean and the productivity of seabirds along the Aleutian Islands.  Furthermore, error in the 
forecasts of adult sockeye salmon returns to Bristol Bay Alaska has been related, in part, to pink salmon.  
Continued evaluation and understanding of species interactions and salmon responses to changes in the 
North Pacific ecosystem will require estimates of catch and spawning escapement of wild versus hatchery 
salmon throughout the Pacific Rim. 
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Applying metadata to clarify stock-recruit parameters for Canadian 
sockeye salmon 
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Detailed retrospective analyses of long time series of returns per spawner for sockeye salmon 
from the Fraser River and Barkley Sound (southern British Columbia, Canada) enabled the identification 
of marine factors associated with variation in salmon productivity.  Historical metadata provided variance 
factors such as the accuracy of returns, productivity factors such as lake fertilization, and capacity factors 
such as spawning channels and high-seas competition.  We demonstrated that these factors can contribute 
substantially to residual variance, can have a large effect on estimates for stock-recruit parameters, and 
can interfere with the identification of productivity factors for marine habitats.  Similarly, analysis of one 
population where we were able to partition survivals into pre- and post-smolt stages (Chilko Lake) 
demonstrated that unexplained variations in marine productivity interfered with the identification of 
capacity and productivity factors important for freshwater production.  For most Fraser River sockeye 
stocks there was a lack of data for smolts so only total survival could be analyzed.  The first principal 
component for a 57-year temporal pattern in total survival, estimated as log (returns/spawners) for 10 
Fraser sockeye stocks (broods 1948-2006), accounted for 47% of the total variance. Examining 17 stocks 
in a 27 year time series (broods 1985-2006) produced a similar result.  About 60% of the temporal pattern 
in PC-1 was a monotonous trend toward recent low survivals and was correlated with the abundance 
of potentially competing chum, sockeye, and pink salmon in the North Pacific and was also correlated 
to bottom-up drivers of marine salmon production (chlorophyll, coastal upwelling).  Short-term (1 to 5 
years) events associated with large scale marine climatology, e.g. ENSO, had a greater impact on sockeye 
from Barkley Sound that enter the California Current ecosystem than on sockeye from the Fraser River 
watershed that enter the Alaska Current ecosystem via the Strait of Georgia.  Our results demonstrate the 
value of understanding how both freshwater and marine events affect salmon productivity.  This approach 
requires that extensive biological knowledge be mobilized and invested in stock-recruit analysis, with the 
return on investment being improved.
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Effects of climate and competition for ocean prey on returns of coho salmon to 
the Berners River in Southeast Alaska

Leon D. Shaul*1, and Harold J. Geiger2 
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The coho salmon population in the Berners River in Southeast Alaska has been monitored 
intermittently since 1974 and intensively since 1990. Adult returns increased to a period of peak 
abundance during 1990–2004 before declining by 61% during 2005–2013.  The decline coincided with a 
cooling period and was attributed equally (38% each) to declines in smolt production and marine survival.  
We hypothesize that colder winter-spring temperatures and an increase in the ratio of snow-to-rain reduced 
oxygen levels and over-winter survival in off-channel rearing habitats.  A declining trend in adult size 
during 1990–2013 was accompanied by an intensifying even-year dominant cycle in length of age .1 
spawners, a significantly lower female-to-male ratio in odd years and an increasing correlation between 
marine survival and average adult size, suggesting that late-ocean mortality has become an increasingly 
important influence upon overall marine survival. The combined effects of a lower female-to-male ratio 
and smaller average size resulted in an estimated 26% reduction in average eggs-per-spawner in odd years 
compared with even years during 2002–2013.  A linear model explains over half (51–61%) of inter-annual 
variation in length of male and female spawners during 31 years, based on pink salmon abundance in the 
Gulf of Alaska (as indicated by commercial catch) and a cyclical climate variable (April–March average 
PDO Index).  For each variable, the best model averaged values over three years (lag 0, 2 and 4 years) at 
intervals matching the known life cycle of the pink salmon and the hypothesized life cycle of the minimal 
armhook squid (Berryteuthis anonychus), the primary offshore prey of coho salmon. Models for both 
sexes point to pink salmon abundance as the more influential variable. The results support the hypothesis 
that high pink salmon abundance and post-1998 cooling in the North Pacific are primary causal factor 
in a decline in gonatid squids, which has in turn contributed to decreases in growth, marine survival and 
reproductive potential of coho salmon.  They suggest that recruitment of B. anonychus is closely linked 
with cyclical North Pacific climate during hatching and development.  They also support the role of 
the pink salmon as a keystone predator (as well as competitor) with top-down control of offshore squid 
populations and an ability to shape the trophic structure of the offshore salmon forage base in favor of 
flexible planktivores to the detriment of higher trophic level specialists such as coho and Chinook salmon. 
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Juvenile coastal distribution and consequent factors influencing production of 
endangered Snake River sockeye salmon
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Snake River sockeye salmon (Oncorhynchus nerka) were declared endangered in 1991 following 
several years of decreasing abundance.  Several factors likely contributed to the decline of this stock, 
including poor marine survival.  Little is known about their migration and ocean distribution and factors 
influencing their production. We sampled coastal waters in summer, fall and winter from southern British 
Columbia to southeast Alaska 1998-2011 and in spring and fall from Oregon to Washington 2007-2010.  
A total of 8227 juvenile sockeye salmon were captured.  Despite their extremely low abundance, 15 
coded-wire tagged juvenile Snake River sockeye salmon were recovered primarily off the coast of British 
of Columbia in spring and summer surveys.  DNA analyses revealed an additional 8 fish.  Snake River 
smolts undertook a northward migration that brought them well beyond the Columbia River estuary and 
plume to expose them to ocean conditions prevailing off British Columbia.  We used adult returns as a 
response variable instead of marine survival (smolt-adult returns (SAR)) in order to demonstrate how 
the relationship between the number of smolts and returning adults was modulated by various factors; 
more relevant and perhaps beneficial for managers who are evaluating efforts to stabilize and increase 
productivity.  Through a multi-model inference approach, we characterized associations between the 
number of returning adults and a suite of ocean and river variables relevant to the scale and timing 
of migration.  These included copepod anomalies, coastal upwelling, date of spring transition, river 
discharge, river temperature as well as the proportion of smolts transported through the hydro system.  
Our analyses showed that adult return was strongly related to smolt abundance, and that there was a 
depensation at low smolt abundance, suggesting that marine survival increased with increased numbers 
of out-migrating smolts.  In this context, survival indices such as SAR are not relevant and the use of 
adult returns was critical for correct interpretation of results.  In addition to smolt abundance, our analyses 
suggests that ocean conditions encountered in the first growing season, as indexed by copepod biomas 
anomalies, contribute to the variability in total adult returns.  There was also evidence for a negative 
effect of transporting smolts through the hydro system with the caveat we are using transportation data for 
steelhead trout (O. mykiss) as a proxy. 
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Stock identification of salmonid populations in the North Pacific 
in the era of genomics
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Genetic stock identification (GSI) has been an integral part of the North Pacific Anadromous 
Fish Commission (NPAFC) for nearly two decades with research activities coordinated through the 
Working Group on Stock Identification. Although the techniques to collect the data have radically 
changed, genetics data have consistently facilitated research to determine distribution and migration 
routes of salmon in the ocean; provided real time management information for important commercial 
fisheries; identified the origin of fish captured during illegal, unreported, and unregulated fishing (IUU); 
and ensured that multiple countries receive appropriate access to anadromous fish bound for their rivers.  
Small regional applications of GSI analyzing hundreds of fish have grown into large scale projects that 
incorporate Pacific Rim-wide baselines and regularly analyze 1,000s to even 100,000s of individuals.  
This large increase in scope has been facilitated by high-throughput genotyping techniques and improved 
analytical approaches that allow laboratories to efficiently share data and quickly conduct mixture 
analysis.  In addition to high-throughput techniques, laboratories are now incorporating high-density 
sequencing technologies termed “next generation sequencing (NGS)” to develop genome-wide markers to 
assess adaptively-important markers for improved stock identification. These genomic resources will not 
only provide every-increasing resolution to identify the origins of individuals on the high-seas, but also 
provide a genomics framework to understand how populations might respond to environmental change. 
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Stock identification and abundance of immature chum salmon in the summer 
Bering Sea during five survey years using SNP markers

Shunpei Sato*, and Shigehiko Urawa
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Stock identification and abundance data of chum salmon in the summer Bering Sea is one of the 
important information to management of chum salmon resources.  We estimated stock origins and stock-
specific abundance of immature chum salmon in the summer Bering Sea during 2007, 2009, and 2011- 
2013 using single nucleotide polymorphism (SNP) markers.  Salmon research cruises were conducted by 
R/V Hokko maru in the Bering Sea between late July and early August in each survey year.  Total of 
14,608 fish were collected from 17 fixed monitoring stations in the Bering Sea during five survey years
by surface trawl.  Stock contributions (Japan, Russia, and North America) of immature chum salmon 
were estimated by a conditional maximum likelihood algorithm using a SNP baseline dataset from 158 
populations in the Pacific Rim.  Genetic stock identification (GSI) estimated composition was 29.2-42.8 
Japanese, 55.1-68.2% Russian, and 2.0-3.6% North American.  The fine-scale SNP analysis suggested that 
the occupied percentage of Okhotsk Sea/Nemuro strait stock was highest (46.4-59.0%) among Japanese 
five regional stocks during all survey years.  Stock-specific CPUE (catch per unit effort) of immature 
chum salmon indicated that the abundance of Russian stocks were higher than that of Japanese stocks in 
the summer Bering Sea during five survey years. Trends of stock composition and stock-specific CPUE
during survey years were different from past results that the abundances of Japanese stocks were similar 
to that of Russian stocks in 2002-2004.  Our results suggest that the abundance of Russian chum salmon 
increases in the recent summer Bering Sea.  These results may also reflect the population size of chum
salmon in each region.  We will examine relationships between stock-specific CPUE in the summer Bering
Sea and their adult returns. 

Session 4. Application of stock identification and models for salmonid population management
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Microsatellite identification of sockeye salmon rearing in the Bering Sea 
during 2009-2014

Terry D. Beacham*1, John R. Candy1, Shunpei Sato2, and Shigehiko Urawa2

1Fisheries and Oceans Canada, Pacific Biological Station, 3190 Hammond Bay Road, 
Nanaimo, BC V9T 6N7, Canada (Email: Terry.Beacham@dfo-mpo.gc.ca)

2Hokkaido National Fisheries Research Institute, Fisheries Research Agency, 2-2 Nakanoshima, 
Toyohira-ku, Sapporo 062-0922, Japan

Determination of stock-specific migration patterns of immature salmonids is important because 
differences in these patterns may lead to differences among stocks in growth and survival.  Stock 
composition of sockeye salmon (Oncorhynchus nerka) caught in the southern central Bering Sea during 
Japanese research cruises in the summers of 2009, 2011, 2012, 2013, and 2014 was estimated through 
an analysis of microsatellite DNA variation.  Variation at 14 microsatellites was analyzed for immature 
sockeye salmon, and a 400-population baseline spanning Japan, Russia, Alaska, Canada, and Washington 
State was used to determine the stock composition of the fish sampled.  Ocean age x.1 individuals were 
well separated from ocean age x.2 and x.3 individuals in fork length, with a bimodal distribution observed 
in observed fork length for all four sampling years.  Body weight distributions were similarly well defined 
between age x.1 and x.2 individuals, with x.1 individuals typically less than 800 g in weight, reflective of 
the bimodal distribution of body weight.  Based upon geography and relative abundance, sockeye salmon 
of Bristol Bay origin should be expected to dominate catches of immature sockeye salmon rearing in 
the Bering Sea, with sockeye salmon originating from Russia the next most abundant stock.  These were 
precisely the results observed from our analysis of immature sockeye salmon rearing in the central Bering 
Sea in July and August (2009-14).  Our analysis also indicated that some small portion of Canadian-
origin sockeye salmon rear in the Bering Sea during summer.  Alaskan-origin sockeye salmon were the 
most abundant in the catch, comprising approximately 85% of all sockeye salmon caught, with the catch 
dominated by sockeye salmon of Bristol Bay origin.  Russian-origin salmon accounted for an average of 
10% of the annual catch, while Canadian-origin sockeye salmon accounted for 5% of the annual catch.  
Relationships between stock-specific CPUE and subsequent returns are being investigated.
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Genetic stock identification enables in-season adjustments to optimize harvest 
of Chinook and sockeye salmon in Alaska  

William Templin*1, Tyler Dann1,2, Nick DeCovich1, James Seeb2, and Lisa Seeb2

1Commercial Fisheries Division, Alaska Department of Fish and Game, Anchorage, AK 99518, USA 
(Email: bill.templin@alaska.gov)

2School of Aquatic and Fishery Science, University of Washington, Seattle, WA 98195, USA 

Stock-based management is central to the conservation and sustained harvest of highly exploited 
species.  Managing fisheries to allow economic benefit while sustaining population diversity is especially 
challenging for migratory species like Pacific salmon. The fisheries that harvest Pacific salmon that 
spawn in drainages in Alaska are intensively managed and support some of the largest high-value salmon 
fisheries in North America.  The State of Alaska applies molecular tools (genetic data from up to 96 single 
nucleotide polymorphisms, assayed in representative populations) during migration to detect trends in 
stock composition of sockeye salmon as they return to Bristol Bay and Chinook salmon as they migrate 
up the Yukon River to inform fisheries management in real time. These programs have reliably detected 
temporal patterns of abundance that were unanticipated, fishing effort has been shifted accordingly, and 
local economies and subsistence users have benefited while the risk of overharvesting weaker stocks was 
minimized.  This approach is being developed for other species and fisheries and provides a useful model 
for conservation wherever migrating species are intensely managed.
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Improving models of Pacific salmonids: drawing upon experience from
non-salmonid systems and other sources

Randall M. Peterman* 

School of Resource and Environmental Management, Simon Fraser University, Burnaby, 
BC V5A 1S6, Canada (Email: peterman@sfu.ca)

A key management problem for Pacific salmonids is how to best make decisions about fishing 
hatcheries, and habitat protection/restoration. This problem is particularly challenging because of the 
often-large between-year variation in abundance of salmonid populations, as well as non-linear trends in 
productivity (adults per spawner) across longer periods (i.e., non-stationarity owing to changing climate, 
for example).  Many statistical and dynamic simulation models have been developed to provide insights 
into these uncertainties and explore their effects on management decisions.  However, several lessons have 
been learned from the much more extensive experience with modelling of non-salmonid fishes and their
ecosystems -- lessons that have not yet been commonly applied in salmonid modelling.  One such lesson is 
to explicitly represent all four major sources of uncertainty, (1) natural variation in productivity, (2) 
observation error, (3) structural uncertainty, and (4) implementation uncertainty or outcome uncertainty.  
Another lesson is that models that are more complex are not necessarily better than less complex models, 
in part because of large gaps in input data.  Single-population models are obviously less complex than 
models that include multiple populations, interactions at several trophic levels and many spatial areas, 
as well as climatic and physical oceanographic drivers.  In modelling of non-salmonid fishes and their 
ecosystems, so-called "Models of Intermediate Complexity for Ecosystem assessments" (MICE) have 
recently emerged as a promising compromise between these two extremes.  Such MICE achieve a balance 
between the need for realism and imperfect understanding of the multitude of relationships among 
ecosystem components.  Three types of statistical (as opposed to dynamic simulation) models are also 
rarely used in salmonid modelling, yet they can contribute to better understanding of fish dynamics and
management. (1) State-space models assume that one or more parameters vary over time instead of 
remaining static. (2) Dynamic Factor Analysis (DFA) helps identify shared nonlinear time trends among 
fish populations and environmental drivers.  Methods (1) and (2) often use Kalman filtering to estimate 
parameters. (3) Probabilistic (or Bayesian) networks include interactions among environmental drivers and 
fish productivity while also incorporating uncertainties. Such probabilistic networks require much less 
data input than existing complex simulation models of salmonid ecosystems.  Finally, some models can be 
used in formal Management Strategy Evaluations, which again have become widely used in non-salmonid 
fisheries to develop state-dependent management strategies that best meet management objectives in spite 
of the large number of uncertainties.  

Session 4. Application of stock identification and models for salmonid population management
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Ecosystem approach for management of artificial release of chum salmon from 
Japan coupled with NEMURO

Michio J. Kishi*1,2, Kenta Awa1, Takeshi Miwa1, and Hiromichi Ueno1,2 

1Graduate School of Environmental Science, Hokkaido University, N10W5 Kita-ku, 
Sapporo 060-0810, Japan (Email: mjkishi@nifty.com)

2Faculty of Fisheries Sciences, Hokkaido University, Minatocho 3-1-1, Hakodate 041-8600, Japan

The suitable release number of Hokkaido chum salmon was calculated based on an “Ecosystem 
approach”.  The constraining condition is the carrying capacity of the North Pacific Ocean, which is
calculated by a two-way version of NEMURO (i.e., the prey density = ZP and ZL in NEMURO, decreases 
by grazing by fish) and the cost function is total income of fishermen. The unit price of chum salmon, 
which is used to calculate a cost function, is determined by empirical data as a function of return ratio.  
And return ratio is a function of water temperature at the Bering Sea when salmon returns and also at the 
Sea of Okhotsk when salmon was released.  We modeled the competition of chum and pink salmon for 
prey in the Gulf of Alaska.  Chum salmon prey only ZP (predatory zooplankton) and pink salmon prey 
ZP and ZL (copepods) from NEMURO, which is lower trophic model of the North Pacific, coupled with
physical model, was used to calculate prey density and to predict wet weight of salmon.  Results indicated 
that the best release number must be 70% of the present one under climatological condition.
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Dynamic ocean habitat and the changing distribution of adult Chinook salmon 

Peter W. Lawson*1, Cheryl S. Harrison2, and Andi Stephens1

1National Marine Fisheries Service, Northwest Fisheries Science Center, 2030 S. Marine Science Drive, 
Newport, OR 97365, USA  (Email: peter.w.lawson@noaa.gov)

2CEOAS, Oregon State University, 104 CEOAS Admin. Bldg., Corvallis, OR 97331, USA

Salmon are known to respond to ocean conditions, and various stocks may respond differently.  
Distributions of Chinook salmon catches change from year to year and month to month.  Project CROOS 
(Collaborative Research on Oregon Ocean Salmon) has employed commercial salmon trollers to collect 
fine-scale catch locations and tissue samples during normal fishing operations.  Individual fish
are identified to stock of origin using genetic stock identification (GSI).  In general, Chinook catch off 
the central Oregon coast is associated with three areas: the continental shelf break, a complex of high-
relief cross-shelf bathymetry, and a near-shore area of shallow rocky reefs.  Bottom features interact with 
regional current patterns to generate complex and dynamic oceanographic structures including fronts, 
eddies, and jets.  We hypothesize that these structures organize habitat, and that adult salmon are actively 
selecting habitat as reflected by their local distributions. We hypothesize that physical conditions 
(temperature, salinity, dissolved oxygen) or biological factors (forage concentrations) are likely to be 
important habitat features.  As the location of oceanographic features moves, so should the location of the 
fish.  Catch locations in 2012 and 2014 were largely non-overlapping.  In 2012 near 45 degrees N latitude 
there were two general areas of high catches, with catch rates in each area changing over the May through 
September fishing season.  In 2014 there was a single area of high catch rates, but within this area catch 
moved on a scale of 10 km from month to month.  Ocean conditions in 2012 were characterized by a 
relatively weak but consistent offshore jet, while 2014 showed a stronger, more dynamic jet that was 
positioned further north.  Preliminary analysis suggests that salmon catch was associated with the 
upwelling front, following the continental shelf break.  We hypothesize that the interaction of currents and 
bathymetry established a retention zone that aggregated prey and attracted feeding salmon.  The exact 
location of this retention zone changed location, perhaps depending on the short term strength of 
upwelling winds and alongshore currents.  Establishing the linkage between fish stock distributions and 
physical oceanography at a scale of kilometers and days provides insights into the dynamic nature of near-
shore ocean habitats.  Characterization of stock-specific habitat preferences will add to our understanding 
of ecosystem structure and function, and may improve forecasts of distribution for use in harvest 
management. 
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Bayesian forward run reconstruction for Pacific salmon

Steven Rossi*, and Sean Cox

School of Resource and Environmental Management, Simon Fraser, University, 8888 University Drive, 
Burnaby, BC, Canada (Email: spr1@sfu.ca)

We developed a Bayesian forward salmon run reconstruction and applied it to sockeye 
(Oncorhynchus nerka) stocks from the Fraser River and chum (O. keta) stocks from British Columbia and 
Puget Sound.  The model estimates stock-specific harvest rate, run size and run timing parameters from 
stock composition, catch and escapement data.  Stock composition data is used to partition aggregated 
escapement counts into stock-specific abundance data, which the model then fits to. We found that annual 
in-river harvest rates for Fraser sockeye varied considerably across stocks despite similar run timing and 
migration routes. Beyond post-season assessment, the reconstruction can also be applied as a preseason 
planning model or an in-season assessment model to evaluate candidate harvest strategies.  The model is 
intended to provide relevant information to salmon managers, especially as conservation concerns cause 
salmon fisheries to be managed on increasingly finer scales.
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The success of alternate life history strategies may provide clues to the future 
production of Pacific salmon in a changing climate

Richard J. Beamish*

Fisheries and Oceans Canada, Pacific Biological Station, 3190 Hammond Bay Road
Nanaimo, BC V9T 6N7, Canada. (Email: richard.beamish@dfo-mpo.gc.ca)

In the Strait of Georgia, both sea-type sockeye salmon and late-ocean-entry Chinook salmon have 
recently been more productive than the more abundant lake-type sockeye salmon and Chinook salmon that 
enter the ocean earlier.  Also, although catches of odd-year pink salmon throughout the northern North 
Pacific have consistently exceeded even-year pink salmon, the differences have increased substantially in 
the past 15 years.  The reasons for the recent success of these life history types are not known and may 
differ among species.  The late-ocean entry may provide a better match with secondary plankton blooms 
and predators may be numerically and functionally more focused on other species.  Odd-year pink salmon 
may benefit from increased prey availability in the winter.  Research that discovers the explanation for the 
successes of these life history types could identify how Pacific salmon will respond to the expected 
changes in climate and the ocean.
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Recent shifts in Fraser River sockeye abundance and survival and 
implications to abundance forecasts

Sue Grant*1, Bronwyn MacDonald1, and Catherine Michielsens2

1Department of Fisheries and Oceans, 3-100 Annacis Parkway, Delta, BC V3M 6A2, Canada  
(Email: Sue.Grant@dfo-mpo.gc.ca)

2Pacific Salmon Commission, 600-1155 Robson Street, Vancouver, BC V6E 1B5, Canada

Fraser River sockeye survival has returned to average in the past five years, following a period 
of sustained declines exhibited by most of these stocks in the 1990’s.  Although the start of the declines 
varies across stocks, all stocks exhibited the lowest survival on record in the 2009 return year.  Departures 
from this general pattern have been attributed to either unique life-history and ocean distribution, or 
freshwater mechanisms.  Current abundance forecast methods use Bayesian approaches to capture 
uncertainty in Fraser River sockeye survival and resulting returns.  The forecast probability distributions 
are wide, given uncertainty in the specific mechanisms influencing Fraser sockeye survival and the very 
dramatic changes in survival in recent years.  Sibling models, which compare returns from a younger 
age class to the subsequent year’s age class from the same brood year, can be used as indicators of 
survival for older age classes.  Forecasts produced by these models, though still highly uncertain, provide 
corroboration of abundance forecasts generated using alternative model forms.  Throughout the 1990’s, 
sibling models have been a challenge to implement given shifts in age of maturity and abundance for 
Fraser sockeye stocks, however, higher sockeye abundances in recent years have facilitated the use of 
sibling models in recent forecasts.

Session 5. Forecasting salmonid production and linked ecosystems in a changing climate
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Risk management based on the backcasting approach for conserving Pacific 
salmon (Oncorhynchus spp.) and their ecosystems in the North Pacific Ocean 
under the changing climate

Masahide Kaeriyama*1, Yuxue Qin1, and Hyunju Seo2

1Hokkaido University, N15 W8, Kita-ku, Sapporo 060-0815, Japan (Email: salmon@oia.hokudai.ac.jp)

2National Fishery Products Quality Management Service, Busan, Republic of Korea

Pacific salmon Oncorhynchus spp.), in general, show species specificity and plasticity as the 
framework of life history in North Pacific Ocean ecosystems where accommodate the kinetic isotope 
effect.  While they are influenced by intra- and inte -specific interaction, and the ecosystems are changed 
by a lot of environmental factors such as the ENSO, global warming, and long-term climate change.  
Carrying capacity of Pacific salmon is linked with the long-term climate change such as ALPI, PDO, and 
climate regime-shift.  On the other hand, the global warming has affected various benefits and risks for 
Asian chum salmon (O. keta).  In the Okhotsk Sea, their growth and survival have been increased by the 
global warming effect.  In the Japan Sea, the Tsushima Warm Current has been influenced by the warming 
climate.  Abundance of early-run chum salmon returning to the Japan Sea coast in Hokkaido was lower 
in warm years than in cool years of the current.  In the future, this global warming will affect decrease in 
carrying capacity and distribution area of chum salmon in the North Pacific Ocean, while they will expand 
their distribution area to the Arctic Sea.  Backcasting is very important for decision and action of future 
goal by the forecasting which is the process of predicting the future based on current trend analysis.  The 
backcasting approaches should lead the risk management consisting entirely of adaptive management and 
precautionary principles for sustainable protection of Pacific salmon under the changing climate.
For establishing the risk management of Pacific salmon, we would recommend 3 issues: (1) limited and 
fluctuated ocean carrying capacity, (2) paradigm shift of aquatic sciences from traditional population level 
to the ecosystem-based ecology, and (3) education on the sustainability sciences of Pacific salmon for 
future generation.
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Forecasting pink salmon production in Southeast Alaska using ecosystem 
indicators in times of climate change

Joseph A. Orsi*1, Emily A. Fergusson1, Alex C. Wertheimer2, Ellen Yasumiishi1, 
Edward V. Farley1, and Phillip R. Munday1

1NOAA, Alaska Fisheries Science Center, Auke Bay Laboratories, 17109 Point Lena Loop Road, 
Juneau, AK 99801, USA (Email: joe.orsi@noaa.gov)

2NOAA Affiliate

Forecasting pink salmon returns is challenging over a changing ocean climate, because fish only 
spend a single winter in the ocean before returning to spawn and lack leading indicator information from 
younger siblings.  Consequently, pre-season pink salmon forecast accuracy has been poor and has often 
left managers and stakeholders with more questions than answers as to what mechanisms are involved.  
Over the past decade, research conducted by the Alaska Fisheries Science Center’s Southeast Alaska 
Coastal Monitoring (SECM) project has provided relatively accurate pre-season forecasts of Southeast 
Alaska (SEAK) pink salmon harvest to the resource stakeholders of SEAK.  The SECM project, launched 
in 1997, collects biophysical data associated with seaward migrating juvenile salmon from May to August, 
and uses this data along with larger basin scale indexes to forecast adult pink salmon returns to SEAK.  
Historically, the SECM forecast approach has used linear regression models to predict harvest using peak 
juvenile pink salmon catch in June or July as the main explanatory variable.  SECM forecast predictions 
in nine of the past eleven years (2004-2014) have been 0-17% of the actual harvests, with an average 
forecast deviation of about 8%.  This suggests that early marine or freshwater conditions control year class 
strength most years.  However, the two years that model accuracy was low gave added insight to later 
ocean processes that may have either heightened or suppressed total mortality.  These lessons have also 
resulted in (1) the addition of secondary explanatory variables to the model to better explain residual error, 
and (2) the inclusion of an additional forecast approach that incorporates a broader range of ecosystem 
indicators in a more qualitative fashion, thus providing a life history event, stoplight chart for each 
significant bivariate correlation with harvest, ranked and averaged across each ocean year.  A goal of this 
presentation is to provide a conceptual model of key factors that likely influence pink salmon production
in SEAK and describe some lessons learned from providing pre-season forecasts of salmon production to 
researchers, managers, and stakeholders.  Accurate pre-season salmon forecasts from this applied research 
help increase the economic efficiency to the fish processing industry and helps managers anticipate 
harvest to better promote resource sustainability.  
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Sake no mirai

Skip McKinnell*

Salmoforsk International, Victoria, BC, Canada (Email: mckinnell@shaw.ca, Tel: +1-250-884-6826)

Forecasts of salmon abundance serve at least two useful purposes, regardless of whether they 
are accurate or inaccurate.  If accurate, they provide time for meaningful preparation by harvesters and 
fishery managers.  If inaccurate, they keep hubris in check and may serve as a guide for developing new 
research that has rarely developed.  The history of forecasting salmon abundance (available for harvest) 
has oscillated between optimism and pessimism.  Forecasts of abundance are best when made from recent 
observations of a cohort, yet most forecasts are based on the oldest observations of a cohort.  Surprises 
are sometimes the result.  That has led to greater investments in in-season monitoring.  Decadal-scale 
forecasts are rare and seemingly of little value.  A review of the successes and failures may shed some 
light on where to place greater research effort.
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Is there a connection between the essential vitamin, thiamine, and the observed 
decline in Yukon River Chinook salmon (Oncorhynchus tshawytscha)?

Dale C. Honeyfield*1, James M. Murphy2, Kathrine G. Howard3, Sean D. 
Larson3, Lawrence E. Schaufle 2, Wesley W. Strasburger2, and Angela Matz4

1Northern Appalachian Research Laboratory, Leetown Science Center, USGS, 176 Straight Run Road, 
Wellsboro, PA 16901, USA (Email: honeyfie@usgs.gov)

2Auke Bay Laboratories Alaska Fisheries Science Center, NMFS, NOAA Fisheries Ted Stevens Marine 
Research Institute, 17109 Point Lena Loop Road Juneau, AK 99801, USA

3Alaska Department of Fish and Game, Division of Commercial Fisheries, 333 Raspberry Road, 
Anchorage, AK 99518, USA

4U.S. Fish and Wildlife Service, Fairbanks Field Office, 101 12th Ave., Fairbanks, AK  99701, USA

Thiamine (vitamin B1) status in Yukon and Kuskokwim River Chinook salmon Oncorhynchus 
tshawytscha was examined through egg thiamine concentration from returning females and the presence 
of thiaminase (an enzyme that destroys thiamine) was also explored in juvenile muscle and liver tissues 
collected from the northern Bering Sea.  In 2012 74% of the females had egg thiamine concentrations 
associated with secondary effects of thiamine deficiency (1.5 – 8.0 nmol/g), while three percent of the
returning females had egg thiamine concentrations low enough to produce overt fry mortality (< 1.5 
nmol/g); only 23% of the eggs were thiamine replete (> 8.0 nmol/g).  Egg thiamine in Chinook from upper 
Yukon was higher in 2001 (11.7) than in 2012 (6.2).  In 2001, Chinook and chum O. keta salmon egg 
thiamine concentration was similar at the Bethel, Kuskokwim River site.  Average Yukon River Chinook 
salmon egg thiamine concentrations decreased with migratory distance of females in 2012.  Thiamine 
concentrations in juvenile muscle tissue were all above critical levels (> 3 nmol/g) and varied with dietary 
thiaminase-positive prey fish. Total thiamine concentrations (nmol/g) in juvenile Chinook salmon muscle 
(3.8) were similar to coho salmon O. kisutch (4.15), but lower than chum (8.9) and pink salmon O. 
gorbuscha (9.6).  Thiaminase was present in Chinook (73%) and coho salmon (54%) diets, and was lower 
in diets of chum (4%) and pink (11%) salmon.  These results provide evidence that insufficient thiamine
may contribute to the poor production levels observed in Yukon River Chinook salmon.  
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Interannual variability in the diets of September subyearling Chinook salmon 
caught off Oregon and Washington 1998-2012

Katherine E. Dale*1, Elizabeth A. Daly2, and Richard D. Brodeur3 

1Rosenstiel School of Marine and Atmospheric Science, University of Miami, 4600 Rickenbacker 
Causeway, Miami, FL 33149, USA (Email: k.dale1@umiami.edu)

2Cooperative Institute for Marine Resources Studies, Oregon State University, Hatfield Marine Science
Center, 2030 Marine Science Drive, Newport, OR 97365, USA 

3Northwest Fisheries Science Center, Newport Field Station, NOAA Fisheries, 2030 Marine Science Drive, 
Newport, OR 97365, USA 

Chinook salmon (Oncorhynchus tshawytscha), which range from the Bering Sea to southern 
California, is one of several economically-important species of salmon found in the Northeast Pacific 
Ocean.  The first months at sea are believed to be the most critical for salmon in terms of survival, with 
the highest rate of mortality occurring during this period; thus, understanding both environmental and 
resulting biological factors that determine survival and growth rates could help to improve forecasting 
of salmon returns several years into the future.  Here, we examine interannual diet and condition trends 
for late-summer subyearling Chinook salmon caught off Oregon and Washington during September 
1998-2012.  Interannual variability was observed in juvenile salmon diet composition by weight of prey 
consumed and the years clustered significantly into two groups, primarily defined by their proportion
of invertebrate prey (14% versus 39% on average).  Cool ocean conditions from May-August may have 
led to a fall plankton community with a larger proportion of invertebrates, leading to salmon having 
a significantly higher level of euphausiids, crab megalopae, and amphipods in their diets.  The Pacific 
Decadal Oscillation (PDO), local sea surface temperature, and the North Pacific Gyre Oscillation (NPGO) 
were found to be the ocean conditions that explained the most variance within salmon diets (>60%) 
between years.  Juvenile subyearling Chinook salmon should still be considered highly piscivorous, with 
northern anchovy (Engraulis mordax) being especially dominant, indicating that the reproductive success 
of anchovy could have a large impact on subyearling survival.  The feeding strategy with a higher 
proportion of invertebrates is significantly correlated with higher adult returns three years later.  
However, salmon were found to have overall lower stomach fullness and poorer body condition in cool 
versus warm years, a phenomenon which may be driven by the enhanced survival of less fit individuals in 
better ocean conditions (top-down effect).  Our results suggest that seasonal timing and the fall plankton 
community assemblage may be critical to subyearling Chinook stocks in coastal waters of the Pacific 
Northwest, which may have important consequences for the management of these threatened stocks.
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Change in the energy density of Kuskokwim River chum salmon 
(Oncorhynchus keta) during the first year of life and its potential impact on 
marine survival

John H. Eiler*, Ron A. Heintz, and Edward V. Farley

National Marine Fisheries Service, Alaska Fisheries Science Center, Auke Bay Laboratories, 
17109 Point Lena Loop Road, Juneau, AK 99801, USA  (Email: john.eiler@noaa.gov)

Since the late 1990s, pronounced declines in abundance have been reported for chum salmon 
(Oncorhynchus keta) returning to rivers in western Alaska.  These declines have seriously impacted 
commercial and subsistence fisheries that are vital to communities within the region. There is increasing 
evidence that the first year of life, when chum salmon transition from freshwater to the marine 
environment, is a crucial stage. Survival during this period has been linked to attaining sufficient body 
size and energy reserves before the first winter.  We describe the energy density of juvenile chum salmon 
from the Kuskokwim River during three distinct stages of their outmigration based on the lipid content 
of samples collected in riverine, nearshore, and offshore areas.  The percentage of energy derived from 
riverine and marine sources is also compared.  These data provide insight into the general fitness of the
fish in relation to temporal changes in body size during this critical period, and potential impacts on 
size-selective mortality.
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Oceanographic indicators of juvenile Chinook salmon habitat and 
stock-specific survival in the California Current

David D. Huff*1, 4, Brian K. Wells1, Brian Burke2, William Satterthwaite1, Patrick Kilduff3, 
Sean A. Hayes1, and Andrew Moore4

1NOAA, NMFS, SWFSC, FED, 110 Shaffer Road, Santa Cruz, CA 95060, USA 
(Email: david.huff@noaa.gov)

2NOAA, NMFS, NWFSC, FED, 2725 Montlake Blvd East, Seattle, WA 98112, USA

3UC Davis, Wildlife, Fish and Conservation Biology, 1 Shields Ave, Davis, CA 95616, USA

4UC Santa Cruz, Institute of Marine Sciences, 1156 High Street, Santa Cruz, CA 95064, USA

Management of salmon fisheries occurs largely on a year-by-year basis as informed by abundance 
of early maturing cohort members and in an advisory capacity by historical and low-resolution (e.g., basin, 
upwelling conditions) relationships with oceanographic conditions.  Use of leading indicators relevant 
to improving salmon management can benefit from quantification of region-specific environmental 
conditions and the relationships to salmon production.  Unfortunately, environmental data products are 
seldom at spatial or temporal resolution that adequately represents conditions juvenile salmon experience.  
However, regional oceanographic models are now available to derive ecosystem characteristics that may 
be useful for quantifying environmental conditions experienced by juvenile salmon and its forage base.  
We quantified relationships between California Current Large Marine Ecosystem (CCLME) juvenile 
salmon survival and distribution and near-term evolution of ocean conditions at the basin-, regional-, and 
local-scale.  We used sub-yearling Chinook salmon observations and oceanographic model output from 
CCLME to examine the hypothesis that a combination of static geospatial attributes (e.g., position relative 
to the shelf) and dynamic environmental variables affecting the water column are important drivers of 
oceanic distribution of sub-yearling Chinook salmon and represent appropriate habitat.  Further, we 
hypothesized that variability in appropriate salmon habitat will relate to survival of salmon populations 
along the CCLME.  We characterized salmon habitat by developing negative binomial generalized 
linear and generalized additive models.  This approach has been successfully used for juvenile Chinook 
salmon off the Washington coast using effort-adjusted salmon counts at individual trawls as the response 
variable.  We demonstrated the difference in potential habitat at ocean entry during contrasting recruitment 
years for several stocks from the north to south along the CCLME.  Stocks in the north responded to a 
different suite of environmental conditions than those in the south.  While it has been demonstrated that 
basin-scale conditions and CCLME salmon dynamics are largely asynchronous to the Alaska Current 
conditions and salmon dynamics, there is less understanding regarding the productivity of stocks among 
regions within the CCLME.  Salmon population survival is not synchronous along the CCLME and there 
is little work demonstrating spatiotemporal mechanisms directly determining region- or stock-specific 
production.  Although Kilduff et al. (2014) determined covariation in Chinook salmon survival from 
neighboring regions over the long-term, there is no discernable pattern between juvenile Chinook salmon 
survival estimates from among these same regions over shorter time intervals.  For example, even during 
anomalous basin-scale events such as El Niño, survival patterns among populations are not consistent.
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Climate change, timing of migration to sea and marine survival 
of Pacific salmon

Lyse Godbout*1, Carrie Holt1, Peter Tschaplinski2, Thomas Loughin3, Donald McCubbing4, 
James Irvine1, and Marc Trudel1,5

1Fisheries and Oceans Canada, Pacific Biological Station, 3190 Hammond Bay Road, Nanaimo, 
BC V9T 6N7, Canada, (Email: Lyse.Godbout@dfo-mpo.gc.ca)

2British Columbia Forest Service P.O. Box 9519 Stn Prov Govt Victoria, BC V8W 9C2, Canada 

3Statistics and Actuarial Science Simon Fraser University Surrey 250 – 13450 102nd Ave, 
Surrey, BC V3T 0A3, Canada 

4Instream Fisheries. Research Inc. 1698 Platt Cres. North Vancouver, BC V7J 1Y1, Canada

5Department of Biology, University of Victoria, BC V8W 3N5, Canada

Changes in the seasonal timing of seaward migration may be an important response to climate-
driven changes in timing of other ecological processes, such as peaks in productivity.  We assessed 
changes in the phenology of smolt emigration timing using long time series of coho salmon and sockeye 
salmon smolts from the Strait of Georgia, West Coast of Vancouver Island and Fraser River, British 
Columbia.  Year, seasonal temperature and smolt density effect on the timing of smolt emigration were 
assessed using autoregressive model.  Our results suggest that coho salmon timing is becoming earlier, and 
earlier in warmer years, but that smolt density effects varied among populations.  We also investigated the 
potential relation of a possible mismatch between the smolt emigration phenology and the phenology of 
prey abundance.  Our analysis suggests that poor marine survival particularly that of Chilko Lake sockeye 
salmon is early or late relative to the timing of the phytoplankton bloom.  Taken together, our analyses 
indicate that climate change may affect the timing of smolt migration and their subsequent survival in the 
marine environment.  
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A trial on water recycling system for hatchery reared chum salmon fry

Tomohito Shimizu*1, Tetsuo Morita2, and Yoshihisa Yamamoto2

*1Chitose Field Station, Hokkaido National Fisheries Research Institute, Fisheries Research Agency
(FRA), Rankoshi 9, Chitose, Hokkaido 066-0068, Japan

1(Present address) Research Management Department, headquarter FRA, 15th Floor, Queens’s tower, 2-3-
3, Minatomirai, Nishi-ku, Yokohama, Japan (Email: tomos@affrc.go.jp)

2Stock Enhancement and Aquaculture Division, National Institute of Fisheries and Environment of Inland 
Sea, FRA, Hiroshima, Japan

We developed a closed water recycling system to rear chum salmon fry at hatcheries without 
sufficient water supply.  This had a bio-filter and an intermitted water flow system. The bio-filter was 
made with crushed coral, glass-ring filter and nylon strings filter, and set in the 100-L and 200-L plastic 
boxes.  The bacteria, originally collected from an aquarium at the Chitose Field Station, was intensified for 
nitrification bacteria flora by ammonium chloride.  Each filter box was set on up and down, both of which 
connected by an intermitted water flow system. The maximum circulation water flow was 126L per min.  
A total of 22,600 alevins (initial mean body weight = 0.2g) were kept in the 1200-L test tank.

Ammonium, nitrite and nitrate concentrations were controlled in the water circulation system 
and the lowest water temperature was kept at 9 ºC.  The alevins kept healthy condition and fry were fed 
without water exchange in the test tank.  The fish were reared for 100 days, and their mean body weight 
reached to 1g, which was the normal size for releases at the Chitose Field Station.  No diseases occurred in 
the test fish, which had a tolerance of sea water. 

This result suggests that the closed water recycling system may be effective for salmon hatcheries 
suffered from water shortage and disease troubles.  This closed water recycling system is excepted to 
improve the survival of released chum salmon fry in the wild environment.

NPAFC Symposium 2015: Pacific Salmon and Steelhead Production in a Changing Climate: Past, Present, and Future



46

Session 1. Migration and survival mechanisms of salmonids during critical periods in their marine life history 
   1a. Initial period of marine life

Occurrence of wild chum salmon (Oncorhynchus keta) juveniles in the surf 
zone of a sandy beach, Niigata Prefecture, northern Sea of Japan

Masaya Iida*1, Tomoaki Iseki1, Yuta Yagi1, and Satoshi Katayama2  

1Japan Sea National Fisheries Research Institute, Chuou-ku, Niigata 951-8121, Japan. 
(Email: miida@affrc.go.jp)

2Graduate School of Agriculture science, Tohoku University, Sendai, Miyagi 981-8555, Japan

For sustainable management of salmon, conservation of naturally spawning populations is critical. 
However, information on the ecology of wild chum salmon is limited in Japan.  This study examined the 
residence pattern of wild chum salmon fry in the surf zone of an extensive sandy beach (Fujitsuka Beach) 
in the northern part of the Sea of Japan.  Artificially propagated chum salmon fry were released every year 
in the Kaji and Tainai River flow into adjacent areas of the Fujitsuka Beach.  Sampling was conducted 
1-3 times a month from February through June using a small seine net for the 2011-2014 year-classes.  
On each sampling date, 50 m hauls at approximately 0.4-0.8 m depth were performed two or three times 
by two persons wading backwards along the beach.  Mean surface water temperature (SST) and salinity 
were measured by handheld device (Model 30, YSI).  Chum salmon fry were generally present from 
March through May.  Peak CPUE was early-April in 2011 (SST and salinity: 13.4°C, 31.3‰), early-
May in 2012 (14.8°C, 32.7‰) and early-May in 2013 (16.5°C, 30.8‰), early-March in 2014 (9.8°C, 
28.1‰) respectively.  Average fork length was 40.0 mm ± 4.6 in 2011, 37.7 mm ± 4.6 in 2012, 40.0 mm 
± 5.9 in 2013, and 30.4 mm ± 4.1 in 2014 respectively.  Specimens over 50 mm FL were few in all year-
classes.  For the 2014 year-class, we examined differences in muscle nitrogen and carbon stable isotope 
ratios between hatchery and collected fry.  The δ15N values of hatchery and collected fry were almost the 
same, because the δ15N values of artificial diets (8.7-9.6‰) was low, and might be almost the same as that 
of natural diets.  So, we could not distinguish the specimens between hatchery and wild fry clearly 
depending on those values.  However, most of the hatchery chum salmon fry were reared up to 50 mm FL 
and released in March, we assumed that almost all specimens were derived from natural spawning for the 
2011-2014 year-classes.  We concluded that the population of wild chum salmon fry is substantial between 
March and May in the northern part of the Sea of Japan, even when SST is relatively high, namely above 
13°C which had been considered as the upper SST limit for chum salmon juveniles in the coastal waters of 
Hokkaido.
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Ecological characteristics of chum salmon (Oncorhynchus keta) in the 
Penzhina and Talovka hypertidal estuary (Northwest Kamchatka)

Maxim Koval1, Sergey Gorin2, and Ekaterina Lepskaya*1

1Kamchatka Research Institute of Fisheries and Oceanography (KamchatNIRO), 18 Naberedznaya Str., 
Petropavlovsk–Kamchatsky 683000, Russia. (Email: koval.m.v@kamniro.ru)  

2Russian Federal Research Institute of Fisheries and Oceanography (VNIRO), 17, Verkhnyaya 
Krasnoselskaya, Moscow 107140, Russia 

The Penzhina River is one of the largest river in the Okhotsk Sea basin (the second after the 
Amur River).  The mouth reach of this river (together with Talovka River) forms the one of the greatest 
estuary in North Pacific.  Its basic features are hypertidal level variation (about 12–14 m).  Despite
this unique conditions, this area never has been studied (including biology of Pacific salmon and other
fish). A first complex study of the Penzhina and Talovka estuary was conducted in July–September, 
2014.  Hydrological observation conducted using various STD equipment.  Fish catches carried out by 
beam–trawl, seine and gillnets.  Spatial distribution of plankton and fishes in the estuary studied using
scientific echosounder BioSonics DT–X (transducer 200 kHz).  During our study it was determined that
the length of the of river and sea waters mixing zone in estuary exceeded 50–60 km.  This zone borders 
position depended on a current ratio of the river flow and tide level. Throughout estuary the same limiting 
hydrological factors affected (level, speed and direction of water currents, salinity SS, turbidity, wind 
waves).  Within a mixing zone the three basic provisional subzones was segregated: freshwater (SS<1–
2‰), estuarian (1–2‰<SS<8–10‰) and coastal marine (SS>8–10‰).  The each subzones had a different 
structure of pelagic communities and their borders moved during a daily tidal cycle.  A 21 species of fish
and 6 species of invertebrates in our catches was found.  The maximum plankton and fish abundance
registered in the estuarian subzone.  Chum salmon was dominate species of Pacific salmon in our catches
(we also caught adult Pink salmon as single).  The peak of returns of chum salmon to the Penzhina River 
mouth was registered in the middle of August, 2014.  The average length (AC) adult chum was 55 cm, 
weight – 2160 g, fecundity of females – 2030. It is more lower than in other areas of the West Kamchatka.  
The age of chum salmon in returns was 2+ (0.3 %), 3+ (80.8 %) and 4+ (18.9 %). The smolts of chum 
salmon migrated from the rivers in the estuary within all summer, and registered in the mouth of the 
Penzhina River in the beginning of September.  During down stream migration chum salmon juveniles fed 
intensively (average stomach fullness index was382°/ooo).  The basic prey items of juveniles were: in the 
river – imago of Diptera and larvae of Ephemeroptera; in the estuary – mysids of genus Neomysis; in the 
sea – pelagic copepods genus Eurytemora.  The adult chum salmon returned to the rivers only during flood
tidal phase.  Chum salmon smolts migrated from the rivers in the estuary only during ebb tidal phase and 
could go away on distance more than 25 km from the river mouth (less for one day).  Such high speed of 
migration promoted by powerful ebb currents.  Our results has shown that chum salmon of the Penzhina 
and Talovka rivers has a biological distinctions from chum another areas of the West Kamchatka.  Also we 
noted that only this species of Pacific salmon (among of genus Oncorhynchus) has a necessary ecological 
adaptations for effective reproduction in the large river systems and for habitat in the hypertidal estuary.  
The reported study was partially supported by RFBR, research projects No. 14–05–00510–а, No. 14–05–
10043–к.
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Primary production and growth of Ozernovskaya sockeye salmon in the first 
month of marine life in Western Kamchatka coastal waters

Ekaterina V. Lepskaya*, and Oleg B. Tepnin

Kamchatka Research Institute of Fisheries and Oceanography (KamchatNIRO), 18 Naberedznaya Str., 
Petropavlovsk–Kamchatsky 683000, Russia. (email: lepskaya@list.ru)  

It is known that productivity of coastal ecosystems is determined by primary production (PP) 
level and its changes might influence on the growth rate of hydrobionts (including juvenile salmonids
at the initial marine period of life).  We carried out a comparative estimate of abundance and mean 
weight of sockeye salmon juveniles which migrated seaward from Kurilskoye Lake (the Ozernaya River 
basin, southern Kamchatka) with mean weight of juveniles and PP during early marine feeding period.  
Data on the mean weight of seaward migrants of sockeye salmon and juveniles from trawl catches of 
KamchtNIRO in the coastal waters of western Kamchatka in July 2004–2006 and 2010–2014 were used.  
Primary production of plankton was estimated by chlorophyll-α (NASA Ocean Biogeochemical Model, 
NOBOM).  Period of temporal averaging is one month, of spatial averaging – regular grid with the step 
of 9 km.  From 6700 to 38000 thousands of sockeye salmon juveniles migrated from Kurilskoye Lake 
yearly.  Migration of over 90% of them occurred in June.  Seaward migration took from several days to 
one week.  Kurilskoye Lake population of sockeye salmon is the most abundant in western Kamchatka, 
therefore it is evident that this juveniles are more than 90% in the coastal area in July of the current year.  
At this period sockeye salmon feeds at the sea dispersing along western coast of Kamchatka from 51о то 
53–55о n.l.  Mean weight of seaward migrants from Kurilskoye Lake varied from 5.8 to 11.8 g (average 
9.3 g).  Body weight of fish in July after 1 month of feeding was from 9.6 to 26.6 g (average 18.6 g).  It
was established mean weight of fish at the coastal area depended on the total number of seaward migrated
juveniles (Y=3822e0.0723x, R2=0.82, n=8). 

There were 2 dependences obtained from comparison of sockeye salmon body weight and PP in 
coastal waters of western Kamchatka.  In the first case increasing of PP in the interval 5–7 mg Chl-α/m3 
do not lead to increase of body weight in sockeye salmon (Y=–12.758x+96.905, R2=0.91, n=4).  This 
occurs in the years with high positive temperature anomaly in the feeding area (T>9.5oC).  At the second 
case increase of PP in the interval 8–16 mg Chl-α/m3 results in increase of sockeye salmon body weight at 
the early marine feeding period (Y=2.2987x+9.7099, R2=0.99, n=4).  Exactly in this period temperature 
conditions at sea are optimal (<9.5oC) for sockeye feeding.

Undoubtedly the revealed dependences need further investigations.
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Circulating insulin-like growth factor-I in juvenile chum and pink salmon: 
relationship with growth rate and changes during downstream and coastal 
migration in eastern Hokkaido, Japan

Nobuto Kaneko*1, Natsumi Taniyama1, Yu Inatani1, Fujiwara Makoto2, Mitsuru Torao2, 
Yasuyuki Miyakoshi2, and Munetaka Shimizu1

1Faculty of Fisheries Sciences, Hokkaido University, 3-1-1 Minato, Hakodate, Hokkaido 041-8611, Japan 
(Email: n.kaneko1025@gmail.com)

2Salmon and Freshwater Fisheries Research Institute, Hokkaido Research Organization, 
3-373 Kitakashiwagi, Eniwa, Hokkaido 061-1433, Japan

Chum salmon (Oncorhynchus keta) and pink salmon (O. gorbuscha) migrate to the ocean in 
their first spring and growth during early marine life may be critical for survival. We conducted fasting 
experiments using individually-tagged juveniles of both species and examined validity of circulating 
insulin-like growth factor (IGF)-I as an index of growth rate.  Serum IGF-I levels were strongly, positively 
correlated with individual growth rates in both species, supporting our assumption that circulating IGF-I 
can be used as a growth index.  We next measured circulating IGF-I level in juvenile chum and pink 
salmon caught at river, estuary, port and offshore of the Abashiri region, the Sea of Okhotsk side of eastern 
Hokkaido, Japan, from May to June 2014.  In chum salmon, serum IGF-I levels in June were consistently 
high in coastal fish and low in estuarine fish. This result suggests that growth of juvenile chum salmon, 
as judged by serum IGF-I, was activated when they left the coast while fish with low growth rate might 
stay in the estuary.  In pink salmon, IGF-I levels also increased as fish migrated to the o fshore and the low 
level of IGF-I in estuarine fish was not seen.  From early June and thereafter, IGF-I levels in pink salmon 
trended to be higher than those of chum salmon, which likely reflects a higher growth rate. The present 
study points out a difference in growth profile between sympatric chum and pink salmon in that region. 
We will continue to monitor circulating IGF-I level to compare their growth patterns during early marine 
life and assess possible impact of varying growth rate on survival.
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Feeding and growth of juvenile Pacific salmon in a tidally-mixed 
migratory corridor
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Chrys Neville1, Mary Thiess1, Strahan Tucker1, and Brian R. Beckman4
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2Department of biology, University of Victoria, Victoria, BC, Canada

3School of Aquatic and Fisheries Sciences, University of Washington, Seattle, WA, United States
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Johnstone Strait is a long (160 km), narrow (<4.5 km), and tidally-mixed channel that is used as 
a migratory corridor by numerous stocks of Pacific salmon during their northward migration out of the 
Strait of Georgia to the open waters of the North Pacific Ocean. The tidal-mixing that occurs twice daily 
throughout the year prevents the establishment of a stable mixed-layer and is thought create a permanent 
winter-like environment and to limit primary and secondary productivity of the area.  As a result, 
Johnstone Strait has been hypothesized to be a trophic gauntlet for juvenile Pacific salmon.  Furthermore, 
because larger smolts swim faster and can sustain longer starvation periods, this hypothesis predicts 
that larger smolts initiate their northward migration through this area earlier than smaller smolts.  Using 
integrated pelagic trawl surveys that were performed in 2012-2014, we show that zooplankton biomass 
and stomach contents of juvenile salmon are lower in Johnstone Strait than surrounding waters.  We also 
show that the levels of the hormone insulin-like growth factor 1 (an index of relative growth) are generally 
higher in larger fish and are consistently lower in Johnstone Strait, and in the area immediately north
of Johnstone Strait (i.e. Queen Charlotte Strait).  Lastly, we show that stocks that produce larger smolts 
undertake their northward migration earlier.  Taken together, these results suggest that Johnstone Strait is a 
stressful environment for migrating juvenile Pacific salmon, and that a minimum size or energy reserve 
may be required to successfully migrate through this area. 
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Improvement of stocking techniques related to ocean conditions to recover 
late-run chum salmon being adaptable to warming coastal water

Mitsuhiro Nagata*, Daisei Ando, Makoto Fujiwara, and Yasuyuki Miyakoshi

Salmon and Freshwater Fisheries Research Institute, Hokkaido Research Organization, Kitahashiwagi-3, 
Eniwa, Hokkaido 061-1433, Japan (Email: nagata-mitsuhiro@hro.or.jp)

While early-run chum salmon in Hokkaido remarkably increased since 1980s, late-run chum 
salmon spawning after mid-November did not.  However, in recent years when coastal water temperature 
in September was getting warmer, early-run chum salmon began to decrease or fluctuate. To compensate 
the reduction of salmon run in the warming water, recovery of late-run chum salmon would be needed.  
Juveniles from late-rum chum tend to be stocked in rivers later than early-run.  We hypothesized that 
late stocking causes high mortality induced by mismatch to coastal ocean conditions in early life.  We 
surveyed to testify this hypothesis in the Abashiri coast of the Okhotsk Sea.  A total of 34 million juveniles 
are stocked in the Abashiri River every year.  Over 30% of them is from late-run chum fertilized after 
November 11th.  Some of eyed eggs of 2003 and 2004 were otolith-marked in 200 ppm ALC solution with 
different day degrees before hatching.  ALC-marked juveniles (0.7-0.9 million, ~5cm folk length) were 
stocked in mid-May and late May in 2004 and 2005 to investigate intra- and inter-annual change of their 
distribution and growth in relation to the coastal environments.  Marked juveniles stocked in mid May 
2004 and 2005 were captured by a surface trawl net in 1 km off the coast in mid or late May exceeding 
8°C (SST).  In contrast, marked juveniles stocked in late May 2004 and 2005 were not observed in the 
coast until early June.  Juveniles rapidly disappeared in the coast since late June 2004 and early July 2005 
exceeding 13°C (SST), especially marked juveniles stocked in late May 2004 stayed for only two or three 
weeks in the coast.  Resultantly average FL of juveniles stocked in late May 2004 was the smallest not 
reaching 6 cm folk length differing from others.  Adults returned to the Abashiri River were collected at 
the intervals of 10 days from early October to early December in 2007 to 2009.  The number of ALC-
marked adults stocked in 2004 was much less than those stocked in 2005, especially returned adults 
stocked late May 2004 was the lowest.  Offshore movement of chum salmon juveniles after downstream 
migration is dependent on seawater temperature, especially water mass over 13°C accelerates their 
movement to offshore.  Therefore, we should avoid to stock chum salmon juveniles near 13°C or should 
stock larger juveniles to recover late-run chum salmon.
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Early marine residence and growth of juvenile chum and pink salmon in 
eastern Hokkaido

Yasuyuki Miyakoshi*1, Makoto Fujiwara1, Mitsuru Torao1, Nobuto Kaneko2, Munetaka Shimizu2, 
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Early marine phase is one of the critical periods determining survivals of Pacific salmon.  Eastern
Okhotsk coast is the principal area of chum (Oncorhynchus keta) and pink salmon (O. gorbuscha) 
production in Japan.  In this region, a program monitoring the distribution, abundance, and growth of 
juvenile chum and pink salmon in the estuarine and coastal areas (within 7 km from the shore) has been 
conducted since 2002.  The program showed that the distribution of juvenile chum and pink salmon 
in coastal area is dependent on seawater temperature; juvenile salmon appeared in the estuarine area 
near the river mouth in early- or mid-May, then distribute themselves in the coastal area when seawater 
temperature exceeded 8°C, and quickly disappeared when temperature exceeded 13°C.  The duration of 
juvenile residence was less than 2 months with a peak between late-May and mid-June, and the duration 
and peak timings were affected by seawater temperature.  When seawater temperature was low (< 8°C), 
salmon juveniles were distributed in estuarine area close to the shore.  The main distribution range in 
the coastal area was almost within 1 km from the shore although juveniles were caught more than 4 km 
from the shore late in the season.  Mean fork lengths of chum and pink salmon in the estuarine area did 
not change throughout the sampling season.  Larger-sized juveniles were captured in the coastal area, and 
mean fork lengths gradually increased.  Mean fork lengths of pink salmon were smaller than chum salmon 
until May, but grew larger in June, indicating pink salmon grew faster and left the coastal area.  Number 
of returning adult tends to increase as number of juveniles captured in the coastal area increased, but the 
correlation was not significant both for chum and pink salmon.  Our monitoring program showed that
juvenile chum and pink salmon reside in the narrow coastal area (only a few kilometers from the shore) 
in the study area in eastern Hokkaido.  The coastal distribution is strongly temperature-dependent, and 
the period during the juveniles reside the estuarine area (before fish distributed in coastal area) may be a
primary critical phase for survival of salmon in this area.  Also, growth rates in the estuarine and coastal 
area may relate to the survival rate, and a new research programs commenced to clarify the relationship 
between growth rate and survival of chum and pink salmon (Kaneko et al. 2015; this symposium).
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Migration of juvenile pink salmon Oncorhynchus gorbuscha and their adult 
return to Nemuro Bay, eastern Hokkaido (the southern limit of hatchery 
programs in Japan)
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Nemuro Bay, the southern part of the Nemuro Strait, is located in southeast Hokkaido, which 
is the southern limit of pink salmon hatchery programs in Japan.  Since the late 2000s, adult return has 
sharply decreased in this area.  Between 2007 and 2010, we conducted a survey of juveniles at Nemuro 
Bay from early or late April to early July, to better understand the relationship between regulating the 
migration of juvenile pink salmon in coastal waters and their adult return.  Three transect lines were set 
at Nemuro Bay, each with a maximum of 5 near-shore and offshore survey points, with distances of 1, 
4, 7, 14, and 21 km from shore.  At each survey point, juveniles were collected using a seine net. Four 
stations were set in the littoral zone (<1 km from the shore), and juveniles were sampled using a seine 
net.  In addition, we conducted a mark-recapture study.  To estimate the adult return rate, the ALC marked 
juveniles were released in the Touhoro River in 2007 (4.8 million) and 2008 (4.4 million).  In 2010, 
marked juveniles were stocked in the Nishibetsu and Betouga Rivers (1.5 and 1.1 million, respectively).  
All adults analyzed for ALC-marking were sampled in September 2008, 2009, and 2011, from a maximum 
of 13 rivers, where pink salmon had been caught for hatchery programs.  Distribution and migration 
of juvenile pink salmon along Nemuro Bay were strongly affected by sea surface temperature (SST).  
Juvenile distributed within the littoral zone until early June exceeding 8–10°C (SST) migrated to the 
near-shore area (1–7 km from the shore) from late April until late June.  Thereafter, they left the study area 
until mid-July, in temperatures exceeding 14°C (SST).  In 2007, when SSTs were relatively high, several 
juveniles were distributed in the littoral and near-shore waters, and their migration offshore occurred 
earlier (up until early July).  Because of relatively low SSTs in 2008, several juveniles stayed in the littoral 
zone during May and June, and also migrated offshore late (until mid-July).  In 2010, high CPUE was 
observed in the littoral zone because of the delayed rise in SSTs.  Return rates of ALC marked adults to 
the Nemuro Strait were estimated at 0.85% and 0.12% in 2008 and 2009, respectively.  Return rates from 
Nishibetsu and Betouga Rivers in 2011 were 0.14% and 0.05%, respectively.  Thus, low return rates of 
adult pink salmon in Nemuro Bay may be partly related to the migration restraint imposed by low SSTs 
during the first few months at sea.
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Assessing size-selective mortality of juvenile Yukon River Chinook salmon 
using retrospective scale analyses 

Kathrine G. Howard1, James Murphy2, and Edward V. Farley*2 
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A size-selective mortality model of Yukon River Chinook salmon (Oncorhynchus tshawytscha) 
was constructed from juvenile size distributions and a retrospective analysis of adult scale growth 
measurements.  The Bering Aleutian Salmon International Survey (BASIS) and later surface trawl 
surveys in the northeastern Bering Sea capture Yukon River juvenile Chinook salmon with varying 
freshwater life histories and across a wide range of sizes (93-316 mm).  The smallest size classes overlap 
with outmigrating smolt sizes documented in the Yukon River Delta, while the largest individuals 
are roughly three times larger.  Size selective mortality of juvenile Chinook salmon was assessed by 
estimating juvenile fish size from scales of adult returns that were juveniles in 2002-2007. Adult scales 
randomly selected for analysis from in-river test fisheries were stratified based on observed maturity 
schedules for 2002-2007 juvenile year classes, to best represent the range of growth and life history 
strategies of survivors.  Scale size was estimated through mid-September of the fish s first summer at 
sea, using the timing of the survey as a reference point on adult scales (mean ocean circuli count  = 22 
± 0.49).  Paired scale growth and somatic growth relationships of juvenile salmon from Northeastern 
Bering Sea collections were used to translate adult scale growth up to this reference point into salmon 
lengths and weights.  A generalized additive model (GAM) compared juvenile length of successful adult 
returns to total juvenile length distributions present in 2002-2007 surveys.  The GAM model indicates 
that neutral selection occurs at approximately 138 g weight or 240 mm length Chinook salmon: smaller 
fish experience higher mortality rates, and la ger fish experience some survival advantage due to size. 
Average juvenile Chinook salmon size varied across years sampled, indicating variable significance of size 
selective mortality to cohort survival and adult returns.  
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Analysis of changes in the composition of lipids muscular tissue of juvenile 
Pacific salmon during adaptation for sea life

Аnton V. Klimov*, Аleksey P. Lozovoy, and Irina V. Zhiganova 

Kamchatka Research Institute of Fisheries and Oceanography (KamchatNIRO), 18 Naberedznaya Str., 
Petropavlovsk–Kamchatsky 683000, Russia (Email: klimov@kamniro.ru)

This study based on materials collected during trawl survey by KamchatNIRO in the coastal water 
of the Okhotsk Sea in summer, 2013-2014.  The purpose of our research is to determine the changes in the 
qualitative composition of the lipids in muscle tissue of juvenile Pacific salmon during migration from the
rivers to the coastal waters and offshore waters of the Okhotsk Sea.

Analyzed biochemical parameters muscle tissue (lipids, proteins, calories) and biological 
characteristics (body length AС), as well as distribution of juvenile Pacific salmon (chum, sockeye, coho,
chinook). Also we studied the estimation of feeding conditions and peculiarities of seasonal metabolic 
processes in different species.  It was determined that after the downstream migration from the rivers 
in the coastal western Kamchatka (by data 2013-2014) all species of juvenile salmon had a low level of 
lipids (not higher than 1.9%).  This low level retains during all summer months (no matter of the fish
size).  The average fish body length in July 2014 were: chum - 71 mm, sockeye - 15 mm, coho - 122 
mm, chinook - 116 mm.  Juvenile salmons caught in August 2014 had an average length: chum - 144 mm, 
sockeye - 156 mm, coho - 206 mm, chinook - 179 mm.  That is, the body length of chum salmon increased 
from July to August in two times; body length of sockeye salmon to 40%; coho salmon to 70%, chinook to 
50%.  Thus, the energy supplied with food is not enough for storage of nutrients, but it is sufficient for the
active somatic growth against the background of rapid growth is changes of the qualitative composition of 
the lipids.
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Feeding habits of released chum salmon, Oncorhynchus keta juvenile in 
eastern coastal area

Ju Kyoung Kim*1, O-Nam Kwon2, Doo Ho Kim1, and Kwan Eui Hong1
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2Gangneung-Wonju National University, Marine Biology Center for Research and Education, Gangneung 
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In this study, we conducted to investigate the coastal feeding habits due to stomach contents of 
released salmon, Oncorhynchus keta.  Zooplanktons and salmon juveniles were collected in 5 stations 
(38°06N, 128°38E and 38°30N, 128°31E) at 11th-13th April, 2011.  Copepoda appeared to 86.5±71.43 
inds./ton (dominant index, 0.8598) as dominant species.  Size of collected salmon juveniles were 4.7-5.4 
mm standard length and 1.2-1.5 g wet weight.  Number of prey was significantly higher to 40.1±21.26
inds./stomach in station 2 than others stations (P<0.05).  And in stomach content, Amphipoda was 
shown higher to 10.3 ind./stomach in a number of individual (Ni) than others stations.  A frequency of 
occurrence (%F) and a individual ratio (%N) of prey in stomach were higher to 204.6% and 60.5% in 
Amphipoda than others groups, respectively.  But in the weight ratio (%W), Euphausia was higher to 40.7 
than others groups.  An index of relative importance (IRI) and their ratio (%IRI) was higher to 17,973.2 
and 84.9% in Amphipoda than others groups, respectively.  And then Copepoda occupied 2,272.1 and 
10.7%, respectively.  Electivity Index was shown 0.59 in Amphipoda.  Therefore, coastal salmon juvenile 
ate mainly Amphipoda, but we were suggested the juvenile was a growing period as prey-changing with 
Euphausia.
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Effect of release time and body size of chum salmon fry on adult return rates

Ayumi Nakashima*, Satoru Takahashi, Hiromi Itou, and Masatoshi Ban

Hokkaido National Fisheries Research Institute, Fisheries Research Agency, 2-2 Nakanoshima, 
Toyohira-ku, Sapporo 0620-0922, Japan (Email: nayumi@fra.affrc.go.jp)

In Japan, approximately 2 billion chum salmon fry are released every year to enhance fishery
resources.  Based on previous studies, fry are currently released at >1 g in weight when coastal-water 
temperatures range 5–10 C.  However, even though fry are released under similar conditions, adult 
return rates have shown significant regional di ferences and yearly fluctuations. Therefore, it is assumed 
that the most suitable time and size for release is dependent on regional biotic and abiotic factors, 
which are reviewed in this study.  In 1998, the Hokkaido National Fisheries Research Institute (HNF) 
developed a thermally induced otolith-marking system.  Since 2006, all chum salmon fry reared at HNF 
hatcheries have been otolith-marked so that, after release, adults returning to their natal river every year 
can be examined, the origin of the anadromous stocks identified, and appropriate release times and sizes
determined.  Data from the three main rivers in Hokkaido – the Shari (Okhotsk Sea region), Shizunai 
(Pacific region) and Chitose (Japan Sea region) rivers – were collated for the 1999–2008 brood years and
the relationships between adult return rates, release times and release sizes estimated.  In the Shari River, 
where fry were released at a wider coastal-water temperature range of 3–10°C (i.e. in late April to early 
June) and at a body weight of 1.1–2.5 g, the adult return rate was 1.03–2.51%.  In the Shizunai River, 
where fry were released within a narrow temperature range of 7–9 C (i.e. in mid to late May) and at a 
body weight of 2.5–3.0 g, the adult return rate was 1.02–1.14%.  In the Chitose River, where fry were 
released at a temperature range of 4–8 °C (i.e. late March to mid-April) and a body weight of 0.7–1.1 
g, the return rate was 1.00-1.42%.  Thus, the release times and release sizes with respect to adult return 
rates differed between the three rivers.  The results show that the appropriate times and sizes for release 
of chum salmon fry vary with region but further research is required to establish regional biotic/abiotic 
characteristics and improve stock enhancement.
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Approximately two billion chum salmon fry (Oncorhynchus keta) are released annually in 
northern Japan to provide for a stable fishery.  However, the number of returning adults fluctuates 
widely between years.  The variation is thought to be, in part, a function of the level of mortality during 
the downstream and coastal migrations.  To isolate the factors contributing to this early mortality, we 
evaluated the nutritional status (lipid and carbohydrate levels) of fish during their outmigration in 
rivers and along the coast of Japan in 2013 and 2014.  Fish were captured in the Chitose, Teshio, Shari, 
Nishibetsu, and Kushiro rivers.  Each river has a hatchery that is operated by the Hokkaido National 
Fisheries Research Institute (HNF).  Additionally, fish were collected from the coasts of Harutachi and 
Konbmori on the Pacific side of Hokkaido. After capture, the fish were transported live to our laboratory 
and sampled for plasma, muscle, liver, and otoliths.  We quantified the condition factor (CF), liver 
glycogen concentration (Glyc), muscle triglyceride concentration (TG), and plasma concentrations of 
glucose (p-Glc) and triglyceride (p-TG).  Following release from the hatchery, the juvenile fish migrated 
downstream to the ocean within 7–10 d.  During the migration, the mean CF decreased ~10% from 8.2 to 
7.5 and the stomach content was ~1.3%.  The mean Glyc decreased from 3.4% to 0.1% suggesting that 
stored glycogen was expended almost completely within 10 d from release.  Levels of p-Glc, a metabolic 
product of glycogen breakdown, decreased by 40% during the migration, but were still high (90 mg/dL) 
immediately prior to ocean entry.  The p-Glc may be derived from glycerol-mediated triglyceride.  The 
mean TG decreased by 40% from 1.3% to 0.8% during the outmigration.  Conversely, the CF of fish 
caught off Harutachi and Kombumori was 7.5 and 9.1, respectively and the TG was 0.2% and 0.4–0.8%.  
Thus, there appeared to be a general increase in CF and TG following ocean entry.  This tendency was 
especially evident in fish larger than 10 cm fork length.  Our results suggest that the nutritional condition 
of hatchery reared chum salmon fry decreases during downstream migration but recovers gradually after 
entry into the nearshore ocean.  Furthermore, in the recovery appears to occur more rapidly in larger fish 
(> 10 cm fork length).
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Otolith tagging and related discussions with Alizarine Red S in chum salmon 
(Oncorhynchuys keta) at stage of eyed eggs

Wei Liu*1, Chen Wang2, Ji-Long Wang, and Peirong Zhan1

1Heilongjiang River Fisheries Research Institute, Chinese Academy of Fisheries Sciences, Harbin 150070, 
China (Email: liuwei_1020@aliyun.com)

2Faculty of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China

To explore otolith deposition with Alizarin Red S (ARS) immersed with conditions of different 
concentrations (10-80 mg/L) and the time gradient (8-32 h), as well as its marking results’ dynamic 
changes of different relaying days, artificial breeding chum salmon Oncorhynchus keta) at the period of 
eyed eggs were researched as immersing objects.  This study was tried for the protection of chum salmon 
with the approach of supplement for flag discharge, assessment for the releasing effects and provision for 
technical reference.  The results showed that the sagittal and lapillus otoliths can be marked well, they all 
had great marked results detected with visible light and green laser light.  The visible light marks were 
gradually weakened with the extension of sampling time, and were almost disappeared at the 80 d.  And 
they were preserved with a long fluorescence intensity under the green laser without any sign of abating.  
Fitting curves were tried to express the relationship between the marking value and concentration for 
each series of time points.  Combined with security assessments, the suitable group marking conditions 
for chum salmon otoliths at the stage of eyed eggs were drawn, it was that lying the eggs with ARS 
immersed at the concentration of about 35 mg/L and the time of about 20h.  The new increased number 
of grain rounds were significantly correlated with cultured days in linear shape, and correlation equations 
of sagittal and lapillus otoliths were 0.965 and 0.924, which indicated that from eyed eggs to late larvae 
chum salmon otoliths deposited daily both in sagittal and lapillus.

Session 1. Migration and survival mechanisms of salmonids during critical periods in their marine life history
1a. Initial period of marine life



60

NPAFC Symposium 2015

Origins and biological status of chum salmon wintering in the Gulf of Alaska

Shigehiko Urawa*1, Terry Beacham2, Shunpei Sato1, Toshiki Kaga1, Bev Agler3, Ron Josephson3, 
and Masa-aki Fukuwaka1,4

1Hokkaido National Fisheries Research Institute, Fisheries Research Agency, Sapporo/Kushiro, Japan 
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2Pacific Biological Station, Fisheries and Oceans Canada  Nanaimo, BC V9T 6N7, Canada

3Alaska Department of Fish and Game, Juneau, USA

4Present address: Seikai National Fisheries Research Institute, Fisheries Research Agency, 
Nagasaki, Japan

Winter is believed to be a crucial period for marine salmon survival, but little biological data 
exists to support this hypothesis.  In mid-February 2006, a winter research cruise was conducted to 
examine the stock-specific distribution and biological status of salmon in the central Gulf of Alaska.  
By surface trawl, 535 chum salmon were caught at 7 stations (48-54ºN, 145ºW) where the surface 
seawater temperature ranged from 4.5ºC (54ºN) to 6.5ºC (48ºN).  Ocean age 2 and 3 fish were dominant
at all sampling stations, and young fish (ocean age 1) were distributed in the southern water.  The stock 
composition of chum salmon biomass (CPUE) estimated by 14 microsatellite loci markers was 11.1% 
western Alaska/Alaska Peninsula, 10.9% Prince William Sound (PWS), 15.9% Southeast Alaska, 5.6% 
northern British Columbia (BC), 16.7% southern BC, 1.7% Washington, 17.5% Russian, and 19.8% 
Japanese stocks.  There was a latitudinal shift in the stock composition: North American stocks were 
dominant in the northern water, and Asian stocks were dominant in the southern water.  All young fish
(ocean age 1) were North American origin (mostly PWS, Southeast Alaska and southern BC), while the 
proportion of Asian (Japan and Russia) stocks increased with the ocean ages.  The samples included 46 
otolith marked fish released from hatcheries in PWS (n=7), Southeast Alaska (n=37), British Columbia 
(n=1), and Japan (n=1).  A comparison of CPUE estimated by genetic stock identification and otolith mark 
recoveries suggested that the contributions of hatchery fish to PWS and Southeast Alaska chum salmon in 
the Gulf of Alaska were variable (0-87%) among age groups.  The present microsatellite and otolith mark 
analyses confirmed that various stocks of North American and Asian chum salmon inhabit the central Gulf 
of Alaska during winter.  Their winter distribution pattern is slightly different among regional stocks or 
age groups, maybe reflecting stock- or age-preferences for specific water temperatures. 
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Alaska Chinook salmon stocks have declined over recent decades, and in 2012 the U.S. Federal 
Government declared a commercial fishery disaster for some stocks due to poor production and/or 
survival. Consequently, understanding migration and abundance of Chinook salmon stocks during the 
critical early marine and overwinter periods is important.  Since 1997, the Southeast Alaska Coastal 
Monitoring (SECM) project, an ongoing ocean research sampling effort in Southeast Alaska (SEAK), has 
collected ecosystem metrics associated with juvenile and immature Chinook salmon annually.  Standard 
fish catches (CPUE) and origin information is collected from Chinook salmon captured monthly in 
surface trawl hauls in Icy Strait from June to August each year.  Origin information, derived from coded-
wire tags removed from Chinook salmon, indicates these fish are predominately juvenile (ocean-age 0) 
and immature (ocean-age 1) age groups of SEAK origin.  In this study, CPUE of juvenile and immature 
Chinook were summarized over the SECM time series in June, July, and August to determine migration 
and abundance of SEAK stocks.  Abundance of juvenile Chinook were highest in August, whereas, 
abundance of immature Chinook were highest in June, suggesting a protracted ocean entry and marine 
residence for these stock groups.  The CPUE of immature Chinook was significantly correlated to brood 
year survival of both wild and hatchery SEAK Chinook salmon stocks; however, there was only a positive, 
non-significant relationship for juveniles. This Chinook abundance index of immature Chinook in Icy 
Strait is currently reported in ecosystem assessment reports as a leading indicator of year class strength of 
SEAK stocks.  This study suggests that a critical marine period for Chinook salmon exists prior to summer 
(June) after their first ocean winter, and many SEAK stocks may have localized marine distribution 
patterns that lend themselves to leading indicator stock assessments, and additional study of Chinook from 
fall to spring of their first ocean winter may lead to a better understanding of survival mechanisms of 
Chinook salmon.
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Prey abundance and food habits of chum salmon in the central Bering Sea

Tomoki Sato*, Shunpei Sato, Shigehiko Urawa, and Toru Nagasawa
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Pacific salmon including chum Oncorhynchus keta), pink (O. gorbuscha), sockeye (O. nerka), 
and chinook (O. tshawytscha) are widely distributed in the Bering Sea during the summer.  The Bering Sea 
is known as an important feeding area for Pacific salmon during their ocean life stages.  Previous studies 
in the Bering Sea and adjacent waters have indicated that Pacific salmon are fed on zooplankton and/or 
micro-nekton, and that food habits are different by year.  Studies on the distribution and abundance of prey 
organisms and food habits of each salmon species are essential for understanding relationships between 
growth and population dynamics of salmon in the ocean.  We investigated abundance and distribution 
of Pacific salmon in the central Bering Sea in summer from 2007 to 2013, except for 2010.  In addition, 
in order to evaluate prey environment for salmon (mainly chum salmon), we collected zooplankton 
and micro-nekton by NORPAC and BONGO nets.  Also, the stomach contents of chum salmon were 
examined in 2013.  Zooplankton and micro-nekton appeared in the Bering Sea were composed of various 
prey categories such as euphausiids, copepods, amphipods, decapods, chaetognaths, appendicularians, 
pteropods, hydrozoans, squids and fishes. The mean abundance of total zooplankton collected by 
NORPAC net was increased from 2007 to 2009, but fluctuated from 2011 to 2013.  The mean abundance 
of total zooplankton collected by BONGO net was higher in even years than in odd years.  The stomach 
contents of chum salmon contained various prey categories of zooplankton and micro-nekton collected by 
NORPAC and BONGO net, and their composition was different among sampling stations.  We identify 
prey categories important for chum salmon in the Bering Sea in summer, and evaluate how fluctuations in 
prey abundance affect the growth of chum salmon during their ocean life.
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Autumn chum salmon is an important fisheries resource along the Tohoku Pacific coast (Aomori 
to Fukushima), and most of the salmon stock is maintained by artificial propagation and release of fry.  
In this area, approximately 6.6×108 (decadal average before 2011) fry are released from hatcheries during 
March to May every year.  Due to the Great East Japan Earthquake and tsunami disaster of March 11, 
2011, with the epicenter off Tohoku, a lot of salmon hatcheries that rear alevin and fry chum salmon 
(2010 brood) were destroyed.  Therefore, there is concern that alevin and fry reared at this time could not 
survive.  Because the dominant age at maturity of chum salmon returning to the Tohoku Pacific area is 
age-4, there was strong concern that the number of returning adult chum salmon in 2014 year would be at 
a low level.  To assess the number of returning age-4 (2010 brood), we are surveying the age composition 
of upriver migrating adult chum salmon in 12 representative rivers and initial results (to end of October) 
indicate a notably reduced harvest compared to previous surveys.  The effects of the earthquake and 
tsunami disaster on the chum salmon resource along the Tohoku Pacific coast will be discussed.
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Ocean conditions experienced by juvenile Pacific salmon Oncorhynchus spp.) during the first winter
at sea may affect the productivity of Asian and North American populations. We evaluated potential 
correlations between annual commercial catches of five species of Pacific salmon and gridded satellite 
sea surface temperature anomalies during winter in the Bering Sea and North Pacific Ocean (October– 
April 1982-2013). The strongest correlations were restricted to the region south of the Aleutians (40–
50°N latitude, 160°E–170°W longitude), and were generally stable over time for both Asian and North 
American salmon. In the Bering Sea, correlations were slightly negative or neutral (close to zero), as 
expected given that most juvenile Pacific salmon leave the Bering Sea during winter. North Pacific 
waters south of the Aleutians correspond to the known area of high abundance of juvenile salmon in 
winter. The direction of correlations in this region was generally positive for highly abundant species 
(pink, chum, and sockeye) and negative for low abundance species (coho and Chinook). These 
differences may reflect density effects between high and low abundance species during their first winter 
at sea.
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Chum salmon (Oncorhynchus keta) of Japanese stock remain in the North Pacific Ocean and
the Bering Sea for 1–7 yr before spawning in their natal rivers.  Bracis and Anderson (2012), Putman et 
al. (2013), and Putman et al. (2014) estimated that salmon used the Earth’s magnetic forces to find their
way back to their birthplace after migrating across thousands of miles of open sea.  However, it is not yet 
confirmed what salmon experienced the Earth s magnetic forces during the homing.  Thus, we conducted 
archival tagging operations which could record the magnetic force in the Bering Sea, and examined the 
magnetic force which chum salmon experienced during homing migration.

DST magnetic tags (Star-Oddi) were attached the body of chum salmon on board the research 
ship in 2012 and 2013.  The tagged chum salmon were released in the central Bering Sea and recovered 
along the coast of Hokkaido, Japan.  The tags recorded temperatures, depth, magnetic field strength 
and tilt of the fish. We tried to identify the homing route using the data by the tag, SST by JMA (Japan 
Meteorological Agency) and the magnetic field data by Enhanced Magnetic Model for each day.

Shortest distance and periods between release and recovery sites for Fish 608 and Fish 669 
were 2875 km and 2439 km, and 74 days and 76 days, respectively.  C.V. of magnetic intensity 
(mean=51106nT, SD=1091nT, C.V.=2%) of Fish 608 was larger than that of magnetic inclination 
(mean=63°, SD=6°, C.V.=1%). C.V. of magnetic intensity (mean=51509nT, SD=757nT, C.V.=1%) of 
Fish 669 was smaller than that of magnetic inclination (mean=60°, SD=25° C.V.=42%).  Thus, homing 
route of Fish 608 and Fish 669 seems to follow the isoline of the magnetic inclination and the magnetic 
intensity, respectively. From the identified homing route, Fish 608 linearly moved from the released site to 
the coast of Japan.  Fish 669 reached the east coast of Kamchatka from the central Bering Sea and moved 
southward.  After that, it moved into the Okhotsk Sea. On the other hand, areas of positive SST anomalies 
in 2012 differed from those in 2013 in the western North Pacific.  Both of Fish 608 and Fish 669 crossed 
the areas of these positive SST anomalies.  Thus, it is possible that the homing route of chum salmon is 
changed by the sea conditions such as SST.  Not only magnetic forces but also sea environments may have 
an influence on the homing route of chum salmon.
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Shouko Kamada1, and Takashi Kanbe1
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2Hokkaido National Fisheries Research Institute, Fisheries Research Agency, 2-2 Nakanoshima, 
Toyohira-ku, Sapporo 062-0922, Japan

3Department of Fisheries and Wildlife, Coastal Oregon Marine Experiment Station, Hatfield Marine
Science Center, Oregon State University, 2030 SE Marine Science Drive, Newport, OR 97365-5229, USA

4Graduate School of Environmental Science, Hokkaido University, Kita-10 Nishi-5, Kita-ku, 
Sapporo 060-0810, Japan

While hatchery productions have been contributing to salmonid productions worldwide, their wild 
counterparts can provide cultural, social and economic values to our societies.  In addition, rich genetic 
variation expected among wild populations can potentially provide adaptive capability for salmonid 
species to radical environmental shifts including rapid climate change.  In Japan, however, the values of 
wild populations of chum salmon (Oncorhynchus keta) had been largely neglected.  Recent studies suggest 
that robust wild chum salmon populations survived in Japan, although little is known about their ecology, 
genetics and potential contributions to the salmon production to date.  We propose a research project 
specifically targeting on these subjects, particularly for understanding temporal distribution of spawning 
runs in wild chum salmon.  Run-time of their wild populations is seemingly different from their hatchery 
counterparts in Japan.  Our research goals is to understand the genetic basis of run-time determination of 
chum salmon, and potential roles of wild salmon to stabilize the run size and the production in Japan.
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in chum salmon
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Population diversity is quite important for enhancing population viability of anadromous 
salmonids under a situation that variability of environmental conditions is high.  Recently, we experienced 
severe environmental fluctuations, which are supposed to be caused by climate change, and conservation 
of population diversity would be essential for sustainable salmon fishery.  Two wild chum salmon 
(Oncorhynchus keta) populations, which spawn in September/October and November/December, 
respectively, are designated early- and late-run populations and are found in Hokkaido, northern Japan.  
Timing of the seaward migration of chum salmon fry is generally synchronized with snowmelt runoff, 
suggesting the existence of a mechanism that offsets the variation in time of spawning of the two 
populations by timing of seaward migration.  This study attempts to clarify how the two populations 
are sustained sympatrically by focusing on temperature within the redds, hyporheic flow and channel 
morphology.  Redds of the early-run population were dominated by downwelling and were located mainly 
at the upper end of a gravel bar.  Redds of the late-run population, however, were dominated by upwelling 
and were concentrated at the lower end of a gravel bar.  Whereas temperatures within redds of the early-
run population dropped to approximately 0°C in winter, those of the late-run population remained stable at 
4–6°C during winter.  Consequently, the variation in accumulated temperature units within redds between 
the two populations decreased considerably by spring.  These results suggest that channel morphology, 
which mediates the interaction between surface and sub-surface water, is a significant determinant in 
maintaining population diversity in chum salmon, and we concluded that conservation of spawning habitat 
should be considered for maintaining sustainable chum salmon fishery in Hokkaido under a situation that 
severe climate change might occur in the near future.
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Changes in size and age of Chinook salmon Oncorhynchus tshawytscha 
returning to Alaska

Bert Lewis1, W. Stewart Grant1, Richard E. Brenner2, Toshihide Hamazaki1, and Leon D. Shaul*3 

1Alaska Department of Fish and Game, Commercial Fisheries Division, Anchorage, AK, USA 
(Email: bert.lewis@alaska.gov) 
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Several studies show that the average sizes of Pacific salmon have declined in some spawning 
areas in the Northeast Pacific over the past few decades.  Here, we used simple linear regression to 
analyze age-length datasets from commercial harvests, weirs, and escapement surveys of Chinook 
salmon Oncorhynchus tshawytscha in ten areas throughout Alaska to quantify decadal trends in length 
and age at maturity.  We found that on average these fish have become smaller over the past 29 years 
(~6 generations), because of a decline in the predominant age at maturity and because of a decrease in 
age-specific length.  In 9 of the 10 stocks, 4-ocean fish were the predominant age class at the start of this 
time series, but the proportion of 3-ocean fish increased through time and now exceeds that of 4-ocean
fish in most of these stocks.  Our analyses also indicate that the age-specific lengths of 4-ocean fish (9 
of 10 stocks) and of 3-ocean fish (5 of 10 stocks) declined significantly (P < 0.05).  The decline in size 
at age and shift to earlier maturation were similar among the stocks we examined.  These trends are not 
associated with exploitation rates or with historical and present abundances.  Size-selective harvest has 
been identified as a likely mechanism driving earlier maturation and declines in size.  However, the 
evidence is not conclusive and additional factors, such as ocean conditions or competitive interactions 
with other species of salmon, may also be responsible.  Regardless of the cause, these wide-spread 
phenotypic shifts influence fecundity and population abundance, and ultimately may put populations 
and associated fisheries at risk of decline.

3Alaska Department of Fish and Game, Commercial Fisheries Division, P.O. Box 110024, 
Douglas, AK 99811-0024, USA

Poster Presentations. Abstracts. Session 3.



69

NPAFC Symposium 2015: Pacific Salmon and Steelhead Production in a Changing Climate: Past, Present, and Future

Session 3. Retrospective analysis of key salmonid populations as indicators of marine ecosystem conditions

The recent decline of pink salmon (Oncorhynchus gorbuscha) 
abundance in Japan

Toshihiko Saito*1, Yukihiro Hirabayashi1, Kengo Suzuki1, Kyuji Watanabe1, and Hiromi Saito2
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Coastal and river catches of pink salmon increased dramatically in Japan at the beginning of the 
1990s, and high catch levels continued during the 1990s and 2000s with average catch (July to December) 
about 10 million.  The catch, however, decreased abruptly from 2011, and the average catch in 2011-2013 
reduced to about 3.7 million, a similar catch level in the late 1980s.  In 2014, the catch up to October was 
1.6 million, the decline more evident.  This study was carried out to understand regional variability in the 
abundance of pink salmon and investigate possible causes of the decline of this species using 1976-2013 
time series collected in 22 rivers, major enhancement rivers of pink salmon in Japan.

Regressions between river catch in year t (ln Ct) and that in year t+2 (ln Ct+2, t=1976-2011) were 
statistically significant in the all rivers, suggesting that parent-offspring relationships were found in even 
these enhancement rivers with stable release numbers.  Residuals from each of the regressions, the 
variability in abundance unexplained by the parent-offspring relationships, were then examined with a 
principal component analysis (PCA).  The PCA reduced the original 22 residual data into five components, 
each of which showed geographical similarities.  In rivers associated with the fourth principal component 
(PC4), which located in southern Nemuro region, PC4 scores showed almost all negative values for the 
1999-2011 brood years, and after the 2009 brood year all PC 1-5 scores exhibited negative values with few 
exceptions.  These findings suggested that pink survival reduced in southern Nemuro region for more 
than decade, and that the decline in survival was evident in almost all regions after the 2009 brood year.  
Peak timing of returns tended to be getting earlier except rivers associated with the PC2 (rivers in the west 
Okhotsk region).  Except for the PC2 rivers, early and/or late arriving pink salmon seemed to disappear 
during the mid-1990s and 2000s.  Average sea surface temperatures (SSTs) during August and September 
were getting higher after the late 1990s, and reached to 19-20 ºC in 2010, the highest records during 1976- 
2013.  The increase in SSTs appeared to be more severe in the Nemuro region than in the other Okhotsk 
regions.  This study indicated that higher SSTs during adult returns possibly reduced the diversity of their 
run timing at regional scales, and that the diversity loss might in turn have degraded resilience against an 
environmental severity in the Japanese pink salmon.
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Defining critical periods for Yukon and Kuskokwim River Chinook salmon 

Ellen Yasumiishi1, Edward V. Farley*1, and Kerim Aydin2 

1Alaska Fisheries Science Center, 17109 Point Lena Loop Road, Juneau, AK  99801 (Email: Ellen.
yasumiishi@noaa.gov)

2Alaska Fisheries Science Center, 7600 Sand Point Way NE, Building 4, Seattle, WA 98115, USA

Chinook salmon (Oncorhychus tshawytscha) are an important cultural, commercial, and sport salmon 
species to the people of Alaska.  Recent sharp declines in Chinook salmon returns to Alaska rivers have 
led to disaster declarations by the State of Alaska and Federal Government for some communities.  The 
question is: “where have all the salmon gone?”  The project will examine the early marine ecology of 
Chinook salmon from the Yukon and Kuskokwim rivers.  The first summer at sea is a critical period for 
juvenile Chinook salmon where survival is dependent on rapid growth in nearshore habitats and attaining 
sufficient size and ene gy reserves before winter.  Our goal is to assess the effect of climate change and 
variability on the size of juvenile Yukon and Kuskokwim river Chinook salmon during these critical 
periods.  Size-selective mortality of Chinook salmon during several critical periods during the juvenile life 
stage will be determined by comparing time series (1970 to 2012) of size distributions from adult scales 
(survivors) with shifts and inter-annual variability in climate indices and smolt size.  The lack of a climate 
influence on back-calculated juvenile body size and a stationary mean and variance in juvenile body size 
will indicate size-selective mortality.  This study will provide insight into seasonal variability in climate 
related changes in body size of juvenile sockeye salmon and size-selective mortality.
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Collapse and recovery of Sacramento River fall-run Chinook salmon: 
interplay between regional oceanography and weak portfolio effect

Steve Lindley*1, David Huff1,2, Brian Wells1, and Fei Chai3  
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Chinook salmon stocks are notable for their large-amplitude, high-frequency fluctuations. These 
fluctuations are often attributed to changes in the marine environment, but in areas where human 
modifications of freshwater and estuarine habitats are significant (e.g., California), there is usually much 
uncertainty about the relative roles of ocean climate and human-related causes of population fluctuations.  
An extreme example was the 2007-2009 collapse of the California Chinook salmon fishery.  In earlier 
work, we systematically evaluated dozens of hypothesized causes of the collapse, and found it to be 
best explained by delayed onset of the upwelling season and subsequent poor feeding conditions for the 
juveniles immediately after ocean entry.  To gain deeper insight into the cause of the collapse and rapid 
recovery, we are using a 10-year retrospective analysis of a regional ocean circulation model with coupled 
ecosystem model to characterize mean and anomalous conditions in the marine nursery area for this stock.  
A complete understanding also requires consideration of salmon hatchery management practices (such as 
reduced diversity of timing of and size at release) and changes in the freshwater environment; we combine 
these perspectives into a conceptual model for the dynamics of Chinook salmon populations coping with 
highly modified freshwater environments and fluctuating conditions in the California Current.    



72

NPAFC Symposium 2015

Session 3. Retrospective analysis of key salmonid populations as indicators of marine ecosystem conditions

Causes and consequences of declining growth increments in western Alaskan 
Chinook salmon Oncorhynchus tshawytscha, brood years 1976-2005
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Declining productivity of Chinook salmon populations in western Alaska over the past two 
decades has prompted investigation into changes in their freshwater and marine growth.  We used ~30 
years of growth increment (scale measurement) data from female Chinook salmon from two escapement 
projects in the region (Andreafksy River, Yukon River drainage and Kogrukluk River, Kuskokwim River 
drainage) to ask how growth patterns have changed over time and among maturation age classes.  We 
found clear declines over the time series in the first year of freshwater growth (FW1) and in total marine 
growth (SWALL), but temporal patterns in other years of marine growth were less apparent.  The cause 
of the decline in freshwater growth over time is not well understood (we found no strong evidence for 
changes in the variation in FW1, suggesting a lack of high variation in size-selective early mortality).  
The declines in total marine growth corresponded with increasing proportion of younger, smaller adults 
over time.  Differences in growth patterns among maturation classes (ages 1.3, 1.4 and 1.5) were most 
pronounced for the second year of marine growth (SW2); mean SW2 increment was larger for younger-
maturing females.  We did not find strong support for the hypothesis that increased SW2 growth was 
correlated with a warmer marine environment (as expressed by the Pacific Decadal Oscillation for 
extended winter, Nov-Mar, and extended summer, Apr-Sep, examined separately).  However we continue 
to explore relationships between female Chinook salmon growth and ecosystem indicators, and we 
consider changes in growth in the context of other potential causal factors, including size-selective 
harvest, trophic interactions, and sampling.
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According to the results of own research in 1997–2014 and published data, information about the 
number of Pacific salmon in ponds of Chukotka from Mallen Lagoon on the Bering Sea coast to the 
mouth of the Colyma River on the Arctic coast is provided.  Number of chum salmon in Chukchi stocks is 
averaging 3.2 million specimen (in some years – up to 8 million specimen), sockeye salmon – 320–330 
thousand specimen (up to 1 million specimen), pink salmon – 500–600 thousand specimen in generations 
of even years and up to 10 million specimen in generations in odd years.  Significantly fewer coho salmon 
(50–60 thousand specimen) and chinook salmon (8–10 thousand specimen).  Pacific salmon fishery is 
based on exploitation of the most numerous stocks – chum in Anadyr basin and sockeye in Meinypilgyn 
lake and river system.  In 2000-s, compared with the 1990s, the average number of chum and sockeye of 
Chukchi populations increased by about a third, pink salmon – by several times.  Maximum arrivals of 
chum salmon in the last 15 years were reported in 2008, sockeye salmon – in 2006, pink salmon – in 
2011.  Perennial change in size and age characteristics of chum, sockeye and pink salmon spawners of 
main herds are considered.  Average size and weight of chum salmon spawners of major ages in the rivers 
of Anadyr lagoon basin and sockeye salmon in the ponds of Meinypilgyn, Seutakan and Achchen lake and 
river systems in the period from 1971 to 2014 decreased significantly.  Age structure of sockeye spawners 
of Meinypilgyn LRS significantly changed resulting in a fact that a six-year cyclical shift of dominant 
spawning, typical for the period of 1970 – 90s, in the 2000s was replaced by a five-year one. We believe 
that all these facts indicate modifying the terms of feeding of Chukchi Pacific salmon stocks.
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We are observed the long-term trend decreasing in the average length and weight of the major 
of age groups of Anadyr’s chum in catch during the study period (1962-2014).  Our observations show 
that most of the fish come to spawn in Anadyr River basin after 3-4 years of marine feeding grounds, 
individuals at age 2+ and 5+ years are much less in the samples and exception - fish older 6+ years.

Similar changes in the length and weight of the major breeding fish of those ages observed
in chum salmon from waters of the Kamchatka Peninsula and the mainland coast of the Okhotsk Sea 
(Temnykh et al. 2011).

Perhaps the tendency to reduce the average sizes of chum salmon in different regions associated 
with an increase its abundance in North Pacific and as a consequence with lack of food resources in the
marine period of life (Ishida et al. 1993; Gritsenko et al. 2000; Klovach et al. 2003) and with the global 
changes in ecosystems including climatic (Temnykh et al. 2011).

Besides the mentioned assumptions, we cannot exclude that the cause of decrease in the average 
size of chum indicators may be rooted in the development of the existing pressing of poaching, which has 
targeted and selective catch of large individuals.
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In winter and spring, chum salmon inhabit mainly Subarctic Frontal Zone and neighboring 
North waters, in summer and fall they occur in the waters of the Bering Sea and adjacent Pacific waters. 
Immature chum salmon were also observed in the Sea of Okhotsk.  However, this region is not considered 
to be the main feeding area for immature chum salmon. 

In accordance with the data of trawl surveys conducted in the Okhotsk Sea in 1990-2014, the 
abundance of the immature chum salmon has significantly increased in the Sea of Okhotsk since 2006. 
In fall 2012, the total biomass of immature chum salmon was estimated at 90 th.t  and comprised 21% of 
the biomass of salmon, or 9% of the total  fish biomass. This amount is about 1/3 of the immature chum 
salmon biomass, recorded in the fall 2012 in the western Bering Sea which is the main forage area of 
chum salmon temporally.  Increasing of immature chum salmon abundance in the Sea of Okhotsk in the 
summer-autumn period coincided with strengthening revenues of the Pacific waters in the Sea of Okhotsk
with the western Kamchatka current. 

The immature chum salmon seasonal migration and spatial distribution of the different age groups 
in the Okhotsk Sea in the 2000s are discussed.  The data on quantitative distribution of immature chum 
salmon can be used for correction of existing schemes of seasonal migrations of Asian chum salmon 
stocks.

Session 3. Retrospective analysis of key salmonid populations as indicators of marine ecosystem conditions



76

Session 4. Application of stock identification and models for salmonid population management
   4a. Stock identification development and applications for management

Modern DNA methods offer unprecedented improvement in stock 
identification strategies 
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(Email: jseeb@uw.edu)

Strategies to develop modern DNA markers for genetic stock identification (GSI) have
dramatically improved during the last two years.  Approaches now routinely use genome scans and 
genome maps to evaluate the resolving power of thousands of single nucleotide polymorphisms (SNPs) 
in order to identify high resolution panels for improved GSI.  These approaches offer the additional 
advantage that high-resolution SNPs may be linked to adaptively important alleles.  Understanding how 
salmon interact with their environments is increasingly important for conservation efforts in many species, 
especially in light of highly anticipated climate changes.  

We review studies in progress to detect high-resolution SNPs linked to phenotypic traits of 
importance in populations of sockeye, Chinook, chum, and pink salmon.  We will describe strategies that 
use high-throughput mapping to accelerate SNP discovery.  We present genome maps of up to 10,000 
SNPs in each species along with outlier tests to describe those SNPs most useful for GSI.  Several 
interesting examples link SNP alleles to signals of adaptively important divergence and identify the 
genomic architecture of adaptive peaks in natural populations.  We finally conclude by describing the 
map-based selection of SNPs for panels of up to 400 for use in modern genotyping-by-sequencing 
platforms.
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What causes the drastic loss of genetic variation of endangered Formosa 
salmon in Taiwan?
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The Formosa salmon, Oncorhynchus formosanus (Jordan et Oshima, 1919), is a highly 
endangered species native to Taiwan.  It was once widely distributed in the upper Tachia River basin.  
However, they are now only found upstream of the Tachia River in the Chichiawan and Kaoshan Streams 
located in Shei-Pa National Park, in central Taiwan.  This is the southernmost distribution of a natural 
salmon population in the world, and most of this population is confined to a 7-km section within the
headwaters of the Chichiawan Stream in central Taiwan.  The use of hatchery-reared fish to replenish
existing threatened wild populations has been shown to reduce or change natural genetic diversity 
among wild populations.  In this study, the genetic diversity of wild Formosa landlocked salmon in its 
main habitat of the Chichiawan Stream was examined after a mass escape of hatchery-reared fish. The 
objective of the present study was to enable the formulation of a conservation strategy for the indigenous 
populations of endangered Formosa landlocked salmon.  At least 3,271 hatchery-cultivated individuals, 
the descendants of 5 pairs of wild salmon, escaped from the old hatchery near Dam 2, when Typhoon Ariel 
breached the hatchery in the fall of 2004.  Samples from before and after the flooding event and reference
samples from the captive stock were examined.  Extremely low genetic diversity of wild Formosa 
landlocked salmon was detected, and genetic diversity was subsequently lost from 2004 to 2008.  We 
hypothesize that the mass escape of captive-bred fish may have caused the drastic loss of genetic variation
of wild salmon during the winter of 2004, particularly given the period of low stream productivity the 
following year.  Competitive displacement or density-dependent mortality may have been the mechanism 
underlying the decline in genetic diversity of wild Formosa landlocked salmon.
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Masu salmon, Oncorhynchus masou, is endemic to the far eastern Asia, ranging from Sakhalin, 
Japan, Korea and to Taiwan.  Although it is one of the most valuable fishery species and sought after
as a game fish in Korea, there has been no study on the genetic structure focusing on the Korean masu
salmon populations.  We investigated their population genetic structure together with the previously 
published non-Korean haplotypes.  Using the mitochondrial NADH dehydrogenase subunit 5 gene (ND5), 
28 haplotypes were detected from a total of 1,877 individuals from 49 populations [Korea (19), Japan 
(23) and Russia (7)].  Interestingly, the haplotype distribution among the populations showed significant
difference between the demilitarized zone (DMZ) and other Korean populations.
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Empirical Bayes FST reveals fine-scale population structure of sockeye salmon 
in a complex system
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Wright’s FST is the most widely used measure of genetic divergence among populations in 
evolutionary, conservation, and human genetics and genomics.  However, its application to species 
with extensive gene flow, such as fish and birds, provides limited information.  By shrinking the allele 
frequencies of subpopulations to the global allele frequency, the empirical Bayes (EB) estimate of pairwise 
FST improves the precision.  In this paper, we show how it works for salmon by analyzing publicly 
available data sets (doi:10.5061/dryad.j9v4p) of sockeye salmon (Oncorhynchus nerka) from a complex of 
inter-connected rivers and lakes in southwestern Alaska (Larson et al. 2014), which include genotypes of 
87 neutral SNPs, one mtDNA SNP (COI_Cytb17_26) and one MHC loci in 27 populations. 

We excluded 12 loci (10, 27, 32, 37, 45, 50, 53, 57, 63, 79, 84 and 87), of which the mean 
frequency of the minor allele over the populations was less than 1%.  The maximum likelihood global 
FST estimate for MHC (0.1262 ± 0.0094) was ~16 times larger than that averaged over the 75 neutral 
loci (0.0080 ± 0.0005).  EB pairwise FST estimates for MHC clustered stream and beach/river spawning 
ecotypes, which generally agreed with that of Larson and colleagues based on Nei’s DA.  STRUCTURE 
detected panmictic population structure.  With assistance of location information, it inferred the most 
likely number of the putative original populations as K=4 given K=1 to 10.  We predicted pairwise FST 
from mixing proportions and allele frequencies of the four original populations.  The members of the 
four clusters were consistent with those of EB FST excluding Silverhorn Beach.  However, the FST values 
were generally smaller than EB FST estimates (~43% in average), and the differentiation shrunk within 
clusters.  Interestingly, EB pairwise FST estimates of the neutral loci correlated with those of MHC 
(r=0.615, p=2.2×10-16).  When we combined allele frequencies of MHC and the neutral loci, the EB 
pairwise FST estimates described a fine-scale population structure consisted of six groups characterized by 
lakes and ecotypes: (1) Kulik, (2) Beverley (beach), (3) Beverley/Nerka (stream), (4) Nerka/Aleknaglik 
(beach/river), (5) Lynx and (6) Aleknaglik (stream).  It may be noteworthy that we observed strong but 
unexplainable pattern of population structure for mtDNA and the global FST (0.0505 ± 0.0143) was ~6 
times larger than that of the neutral loci.  The analyses here were implemented by EBFST ver 1.1 which is 
freely downloadable at http://www.g.kaiyodai.ac.jp/cmls1/Conservation/.
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Inter-annual distribution of Yukon River juvenile chum salmon in the 
eastern Bering Sea 

Christine Kondzela1, Jacqueline Whittle1, Colby Marvin1, Jeffrey Guyon*1, James Murphy1, 
Kathrine Howard2, William Templin2, and Bonnie Borba3

1Auke Bay Laboratories, Alaska Fisheries Science Center, NMFS, NOAA, 17109 Point Lena Loop Rd., 
Juneau, AK 99801, USA, (Email: chris.kondzela@noaa.gov)

2Alaska Department of Fish and Game, 333 Raspberry Rd., Anchorage, AK 99518, USA

3Alaska Department of Fish and Game, 1300 College Rd., Fairbanks, AK 99701, USA 

In western Alaska, chum salmon (Oncorhynchus keta) are critical for subsistence, commercial, 
and cultural reasons.  During the 1980s and 1990s, declines in chum salmon returns in some western 
Alaskan drainages prompted various disaster declarations by state and federal agencies.  The Yukon River 
is one of the largest producers of chum salmon in western Alaska and two distinct life-history types of 
chum salmon are present within the Yukon River.  The earlier and typically more abundant summer-run 
life-history type spawns in the lower to middle reaches of the Yukon drainage, whereas the genetically 
distinct fall-run life-history type generally spawns in spring-fed regions of the middle to upper reaches 
in Alaska and Canada.  Juvenile chum salmon migrate from the Yukon River in the spring and are found 
in the pelagic waters on the eastern Bering Sea shelf during summer and fall months, but little is known 
about their survival during this time period in fresh or salt water environments.  We genetically analyzed 
juvenile chum salmon caught on the eastern Bering Sea shelf off the mouth of the Yukon River during 
the 2003-2007 Bering-Aleutian Salmon International Surveys.  The genetic stock distribution of juvenile 
chum salmon was compared across years, a relative abundance index of summer and fall Yukon River 
chum salmon was developed, and the potential to correlate juvenile relative abundances with adult returns 
for summer and fall Yukon River chum salmon was explored.  Juvenile chum salmon were predominately 
from coastal western Alaska and upper/middle Yukon River populations.  Stock proportions were similar 
from year-to-year, even with latitudinal shifts in catch distribution.  The proportion of fall-run chum 
salmon in the juvenile collections was significantly correlated with the proportion of fall-run chum salmon 
in the adult returns to the Yukon River, indicating that the brood-year strength of Yukon River summer 
and fall-run chum salmon is determined early in the first year of life.
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Stock identification of Fraser sockeye smolt samples provides marine fisheries 
managers with more timely and accurate estimates of adult run size

Stephen Latham*1, Catherine Michielsens1, Colin Wallace2, Timber Whitehouse3, Joe Tadey4, 
Chrys Neville2, and Marc Trudel2

1Pacific Salmon Commission, 600 - 1155 Robson Street, Vancouver, BC V6E 1B5, Canada 
(Email: Latham@psc.org)  

2Fisheries and Oceans Canada, 3190 Hammond Bay Road, Nanaimo, BC V9T 6N7, Canada 

3Fisheries and Oceans Canada, 985 McGill Place, Kamloops, BC V2C 6X6, Canada

4Fisheries and Oceans Canada, Unit 3 - 100 Annacis Parkway, Delta, BC V3M 6A2, Canada

The management of Fraser River sockeye stocks depends on the ability to correctly predict and 
assess the number of returning sockeye salmon.  Increased variability and change in marine survival, 
possibly due to climate change, has reduced the precision and applicability of preseason run size forecasts.  
For the majority of Fraser River sockeye stocks, in river hydro-acoustic methods provide precise and 
timely adult run size updates useful for marine fisheries management purposes.  Late run Fraser sockeye 
can delay for several weeks before entering the river, so the in river hydro-acoustic estimates cannot 
provide timely updates of abundance for this group, and the resulting run size estimates available for 
marine fisheries management are far less certain.  One of the largest Late run stocks (Late Shuswap), 
however, shares lacustrine rearing habitat, smolt timing, and early marine migration characteristics with 
a stock that does not exhibit delay during its return migration (Early Shuswap).  By obtaining the relative 
abundance of these stocks at the smolt stage, and the adult run size of Early Shuswap, it is possible to 
generate an updated run size prediction for the Late Shuswap stock.  The method relies on genetic stock 
identification data taken during the seaward migration, a reliable in-season abundance estimate of the 
early-timed stock, and an assumption that marine survival was equal for both stocks.  The pre-season 
forecast of Late Shuswap sockeye in 2014 was 11.7 million (80% PI: 3.9 – 33.5 million).  Smolt and early 
marine samples in 2012 indicated Late Shuswap to be 5.3 (5 – 5.5 80% PI) times more abundant than 
Early Shuswap, so the in-season assessment of 1.6 million (1.0 – 2.5 80% PI) returning Early Shuswap 
sockeye, estimated August 19, implied a Late Shuswap return of 8.3 million (5.4 – 13.0 million 80% PI).  
Seven days later, with a more certain Early Shuswap run size estimate, the implied Late Shuswap return 
was 8.6 million (6.7 – 11.0 million 80% PI).  At that time, the Late Shuswap in-season run size estimate 
based on the traditional method was still highly uncertain (7 million, 80% PI: 4 – 15 million) because only 
half of the run had reached the marine management areas.  Reliable estimates of Late Shuswap abundance 
could only be provided with confidence hydro-acoustically several weeks later (9.3 million, near the end 
of September), after marine fisheries had terminated. The benefits of this method need to be validated 
further, and with other stocks, in upcoming years.
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Occurrence and distribution of white-fleshed coho salmon, 
Oncorhnchus kisutch, in northern Southeast Alaska

William R. Heard*  

NOAA Fisheries Affiliate, Auke Bay Fisheries Laboratories, National Marine Fisheries Service, Alaska 
Fisheries Science Center, 17109 Pt. Lena Loop Road, Juneau, AK 99801, USA  
(Email: bill.heard@noaa.gov)

This study documents the occurrence and tentative known distribution of adult white-fleshed 
coho salmon, Oncorhynchus kisutch, that do not have the usual complement of red or carotenoid color 
in flesh pigments. While white-fleshed Chinook salmon, O. tshawytscha, occur widely among various 
populations along the Pacific coast, white-fleshed coho salmon (WFCS) are rare, apparently occurring
only in a limited region of northern Southeast Alaska.  WFCS are largely unknown by the public and even 
within general fisheries issues in this region. They are mostly known by commercial fishermen who catch 
them or by processors that buy salmon.  Interviews conducted with both recreational and commercial 
fishermen, processors, and Alaska Department of Fish and Game (ADFG) port samplers suggest WFCS 
are known to occur within this region since at least the 1960s.  Plots and approximate dates of specific 
locations where WFCS have been caught include Cross Sound, Icy Strait, Lynn Canal, Stephens Passage, 
Favorite Channel, Saginaw Channel, and adjacent areas along the outer coast, generally north of Cape 
Spencer.  Accurate estimates on the numbers or percentage of WFCS within the general population of 
coho salmon are unknown.  Very rough estimates, however, can be derived from fishermen and processors. 
Some commercial trollers and a small processor indicated they may catch or process one WFCS for every 
one –to –two thousand regular coho salmon they catch or process during a year, although numbers vary 
greatly by years.  Large processors that process several hundred thousand or more coho salmon during the 
short seasonal period do not keep accurate track of WFCS since there is no particular reason or incentive 
to do so.  Managers of processing lines at Alaska Glacier Seafoods in Auke Bay near Juneau suggested 
they may have had 50 or more WFCS though their facility in 2013 and somewhat fewer in 2014.  AFDG 
Tag Laboratory records indicate six adult WFCS have been recovered with coded wire tags (cwt) since 
the late 1990s.  Four of these were from fish tagged as juveniles in Chilkat River and two were from 
juveniles tagged in Taku River.  It is unknown if Chilkat and Taku Rivers are the only sources of WFCS 
in the region.  The distribution and locations of where WFCS have been caught, however, is consistent 
with a migratory pattern of adults returning to these two rivers.  Although causes for WFCS are unknown 
presumably they are genetic in nature similar to Chinook salmon.  
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Genetic population structure of chum salmon in Sanriku-region, Japan

Hideharu Tsukagoshi*1, Sayuri Terui1, Gen Ogawa2, Shunpei Sato3, and Syuiti Abe1

1Sanriku Fisheries Research Center, Iwate University, Kamaishishi, Iwate 026-0001, Japan 
(Email: tsuk@iwate-u.ac.jp

2Iwate Fisheries Technology Center, Kamaishishi, Iwate 026-0001, Japan

3Hokkaido National Fisheries Research Institute, Fisheries Research Agency, Sapporo, 
Hokkaido 062-0922, Japan

Understanding of the genetic characteristics in chum salmon, Oncorhynchus keta, is important 
for planning their conservation and resource management for sustainable use.  We examined the genetic 
population structure of chum salmon in Sanriku-region, Pacific coast of northern Honshu, Japan,
using more than 3,500 individuals collected from 24 locations, i.e. 11 hatcheries in coastal region 
and 13 hatcheries in the tributaries of the Kitakami River in Iwate prefecture, with nine polymorphic 
microsatellite DNA markers.  Sanriku chum salmon were genetically differentiated from salmon from 
Hokkaido and other regions, and their genetic variability was comparable to the variation in salmon from 
other regions.  Cluster analysis of Sanriku chum populations suggested three groups of coastal early-run,
coastal late-run and Kitakami samples.  Pairwise population FST estimates inferred distinct genetic 
differentiation among the three groups.  Such differentiation also was apparent within coastal early-run 
and Kitakami groups, but not clear within coastal late-run group.  The present findings suggest that the
population structure of Sanriku chum salmon might be shaped by both geographical and temporal factors, 
although anthropogenic effects such as artificial transplantation within coastal region may not be excluded,
particularly for the observed lack of genetic differentiation in the late-run group.
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Using results of genetic identification of juvenile pink salmon for more 
accurate forecast of spawning runs in the Okhotsk Sea basin

Nina Yu. Shpigalskaya*, Anna I. Kosizina, Uliana O. Muravskaya, and Oleg N. Saravansky

Kamchatka Research Institute of Fisheries and Oceanography, Naberejnaya Str. 18,  
Petropavlovsk-Kamchatsky, 683600, Russia  (Email: shpigalskaya.n.u@kamniro.ru)

The Okhotsk Sea is the area of aggregating juvenile pink salmon in early marine period after 
their emigration from streams of West Kamchatka, continental coast of the Okhotsk Sea, Sakhalin, Kuril 
Islands, the Amur River and Primorye.  Estimation of the juvenile stock abundance for all mentioned 
regions is provided on the base of annual trawl surveys; materials for genetic researches have been 
collected in the course of these surveys.  In this paper we demonstrate results of regional composition 
genetic identification for mixed aggregations of juvenile pink salmon in the Okhotsk Sea surveyed by the
R/V “TINRO” in October and November 2013.  According to the results we have obtained, the part of 
the “northern” group of populations of the Okhotsk Sea basin, including West Kamchatka and northern 
continental coast of the sea, in mixed aggregations of juvenile pink salmon is relatively small – about 
24%.  The main part (58%) of the juvenile aggregations was identified as Sakhalin-Kuril stock. The part 
identified as populations of the Amur River and Primorye is about 17%, and the part of “unknown origin” 
– less than 1%.  It should be noted, that the results we have obtained for 2013 did not comply to existing
regional ratio for pink salmon runs of even generations in the Okhotsk Sea basin.  For instance, in recent 
years the part of West Kamchatka pink salmon in even years was similar to (or even exceeding) the part 
of Sakhalin-Kuril pink salmon, whereas believing to the results of the identification we have provided for 
juvenile mixed aggregations during early period of feeding at sea in 2013 the part of the West Kamchatkan 
juvenile fish is visibly lower.  The runs of pink salmon in 2014 to the regions of spawn within the Okhotsk 
Sea basin, confirmed the significant reduction of the West Kamchatkan stock we have revealed.
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Genetic variation of pink salmon in Sanriku-region, Japan

Sayuri Terui*1, Hideharu Tsukagoshi1, Shunpei Sato2, and Syuiti Abe1

1Sanriku Fisheries Research Center, Iwate University, Kamaishishi, Iwate 026-0001, Japan  
(Email: sayurit@iwate-u.ac.jp)

2Hokkaido National Fisheries Research Institute, Fisheries Research Agency, Sapporo, 
Hokkaido 062-0922, Japan

Genetic variation of pink salmon (Oncorhynchus gorbuscha) from Sanriku-region, Pacific coast 
of northern Honshu, Japan, was preliminarily examined to address the genetic diversity and population 
structure, if any, of this species at the southern limit of its natural range, using eight polymorphic 
microsatellite loci.  We collected the odd-year samples from two coastal sites in Iwate Prefecture and three 
rivers in Hokkaido.  The observed allelic richness and heterozygosity in Sanriku pink salmon respectively 
ranged 26.3 to 29.8 and 0.84 to 0.94. These were comparable to the values observed in pink salmon from 
Hokkaido, suggesting maintenance of high genetic diversity in Sanriku pink salmon. Pairwise population 
FST estimates and principal component analysis of Sanriku and Hokkaido pink salmon inferred no 
significant genetic differentiation between them.  The present findings suggest a high gene flow between 
Sanriku and Hokkaido pink salmon populations.  A larger scale study using more populations of both 
even- and odd-year pink salmon of wide geographical range with increased number of microsatellite 
markers will elucidate genetic characteristics of southernmost pink salmon in Sanriku-region.
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Identification of sockeye salmon Oncorhynchus nerka (Walbaum) populations 
in Asian part of the species in mixed marine catches of juvenile fish on the base 
of microsatellite DNA analysis

Оksana А. Pylganchuk*, Nina Yu. Shpigalskaya, Victor G. Erokhin, and Anton V. Klimov

Kamchatka Research Institute of Fisheries and Oceanography, Naberejnaya Str. 18, 
Petropavlovsk-Kamchatsky 683600, Russia, (Email: pilganchuk.o.a@kamniro.ru)

Sockeye salmon (Oncorhynchus nerka Walbaum) is one of the most valuable and highly abundant 
species of Pacific salmon in Russian Far East. The species has demonstrated sophisticated population 
structure.  A huge data massif has been collected for nowadays to get an insight about the structure of 
sockeye salmon stocks and specifics of distribution of the stocks at sea. Along that, in view of changing 
climate conditions and some other factors, disturbing natural balances, there is a need in new and more 
detailed data, based on using modern genetic methods.  Differentiation of Chukotkan, East Kamchatkan 
and Ozernaya River basin stocks was tried on the base of examining allelic variety of seven microsatellite 
loci (Ots107, Oki1a, Oki1b, One104, One109, Oki6, OtsG68).  Variety of allelic frequencies in samples 
from 25 populations was studied.  The populations were united into regional groups on the base of results 
of cluster analysis.  Hierarchic analyzing (AMOVA) has it indicated, that the regional contribution to 
the dispersion in studied part of the species is 3.90%.  The data we have obtained can serve to provide 
differentiation between the outlined population groups.  The likelihood of their identification in mixed 
marine aggregations is pretty high – from 77.47 to 90.05%.  Five samples of juvenile fish from trawl 
catches, provided by the R/V “Professor Kaganovsky” in October of 2010 in the course of survey in the 
Bering Sea and Pacific Ocean waters off Kamchatka, were analyzed with using the baseline made.  Data 
on the ratio of juvenile sockeye salmon individuals from different populations or population groups in the 
mixed samples are obtained.
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An examination of natural reproduction on the Japanese chum salmon 
by long-term catch and release data

Kengo Suzuki*, Kyuji Watanabe, Yukihiro Hirabayashi, and Toshihiko Saito

Hokkaido National Fisheries Research Institute, 2-2 Nakanoshima, Toyohira-ku, Sapporo, Hokkaido 
062-0922, Japan (Email: skengo@affrc.go.jp)

Japanese chum salmon resources have long been enhanced by stocking programs.  Numbers of released 
juveniles increased in the 1970s as a result of innovations in hatchery technology with a subsequent increase 
in coastal landings.  Although natural spawning of Japanese populations of chum salmon is believed to be 
negligible, recent research has provided some evidence of natural reproduction.  This study examined the  
effect of possible natural reproduction on the population dynamics of Japanese chum salmon in enhancing  
catch numbers using an age-structured model.  Data used for analyses included: (1) Number of juveniles  
released between 1973 and 2011; (2) Catch number of >2-year-old fish in the same period; (3) Age-specific 
fishing mortality coefficient (F) and natural mortality coefficient (M), calculated by virtual population analysis 
(VPA). 

The model is given by following equations.
The number of juveniles in year y ( ) is calculated as follows:   

         (1)
where  is the fecundity of a-year-old fish; R is the number of stocked juveniles.
The number of 2-year-old fish in year y ( ) is calculated as follows:

(2)
where is the survival rate of fish from juvenile to 2 years old.    
The number of a-year-old fish in year y ( ) is calculated as follows:  

            (3)
The catch number of a-year-old fish in year y ( ) is calculated as follows:

         (4)
The fecundity of a-year-old fish is assumed to be proportional to that of 4-year-old fish ( ).  

Then, survival rate ( ) and fecundity ( ) are estimated to minimize the sum of squares of the 
difference calculated and actual catch number (log transformed).  The estimated survival rate ( ) 
and fecundity ( ) of 4-year-old fish (for both sexes) is 0.04 and 7.68, respectively.  The contribution 
from natural reproduction in the period of 1973–1983 when stocked juveniles increased is estimated to  
10–15%.  After that period the number of stocked juveniles became rather constant.  However the  
contribution from natural reproduction is considered to increase ~35% in recent years because of the total 
population growth.  This estimate assumes that the survival rate ( ) has been unchanged since 1973.  
However, the quality of hatchery-reared juveniles requires further study to more accurately estimate natural 
reproduction in population of Japanese chum salmon.
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An integrated gene expression cascade analysis of spawning sockeye salmon 
implied complexity of survival mechanisms

Reiichiro Nakamichi*1, Hirohisa Kishino2, and Shuichi Kitada1

1Graduate School of Marine Science, Tokyo University of Marine Science and Technology, 4-5-7 Konan, 
Minato-ku, Tokyo 108-8477, Japan (Email: r-nkmc@kaiyodai.ac.jp)

2Graduate School of Agriculture and Life Sciences, University of Tokyo, 1-1-1 Yayoi, Bunkyo-ku, Tokyo 
113-8657, Japan

Salmonids play an improtant role in the social and economic fabric of the world.  They are under 
selection pressure by human activities and changes in their natural environment, and decreases of genetic 
divergence and reduction in reproductive fitness are reported.  In this research, we are focusing on the 
thermal tolerance of salmonids to gain cludes to understand the influence of global warming to salmon 
survival.

Gene expressions mirror physiological activities, however, the complexity of the large gene 
interaction network makes it difficult to obtain a global picture of the internal physiological response 
to such stimuli. For this problem, we developed an exploratory approach to identify the crucial gene 
expression cascade by focusing on the maximum connected subgraph including the target phenotype. To 
gain sensitivity further, we ruled out unlikely scenarios based on the information of chronological order of 
temporal variation and other supplementary information of biological databases. Inclusion of augmented 
hypothetical transcripts with spike-typed expression profiles extracts the triggers of the each step of the 
cascade.

We applied our method to publicly available gene expression datasets (GSE13657, GSE22179) of 
the spawning migratory sockeye salmon (Oncorhynchus nerka). Salmons were captured following their 
spawning migration stages, and whole genome gene expressions were measured using tissues of white 
meat muscle and gill. Expression profiles of gill tissue were measured with stock information (upper/lower 
river spawning group) and survival information (arrival points of migration and success of spawning). 
Since water temperature tends to be different at the upper/lower points of the river in general, stock 
information may reflect their thermal tolerance. Our estimated gene expression cascade illustrated heat 
shock protein as a trigger induced at the time of the shift from sea to estuarine water. The cascade also 
illustrated that the difference of upper/lower stocks affects the activity of hemoglobin and the mobility of 
salmon. The cascade implies two different scenarios of survival reduction related to up/down-regulated 
immune system. Pathogen infection at the river mouth and/or immuno-compromise extent at the spawning 
ground may cause the reduction of survival.
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The question of predicting the quantity of chum salmon Oncorhynchus keta 
in the river basin of Anadyr (Chukotka, Russia)

Simon B. Baranov1, Elena V. Golub1, and Alexander V. Zavolokin*2

1Chukotka Branch of Pacific Research Fisheries Centre (ChukotTINRO), P.O. Box #29, ChukotTINRO, 
56, Otke, Russia (Email: sam1salmon@yandex.ru)

2Pacific Scientific Research Fisheries Centre (TINRO-Centre), Vladivostok, Russia

The chum of Anadyr’s basin is the main base of the Pacific salmon fishery in the Chukotka region
Its portion in total catch of the all salmon in Chukotka is 73.2% (47,8-92,7%) on average in the 1990-
2014. The chum is playing the important rule in the life of the native people of Chukotka as well as it so is 
important in the study of population biology of this species.

The mean of average catch of chum salmon in Anadyr’s basin in the 2001-2014 (784 tons) 
decreased in 2 times in comparison with 1991-2000 (1699 tons), while the average quantity of spawning 
fish increased insignificantly from 2.5 M to 2.1 M respectively.

The quantity of spawning chum is calculated on the base of value of the daily catches fixed nets at
the mouth of the Anadyr, the number of fish come to spawn is estimated by visual account of the spawning
areas. Forecasting approaches of the chum in Anadyr river basin is based on data on the number of 
generations of parents and their offspring, filling their spawning areas, their population fecundity and age
composition of generations.

As shown by direct observation and analysis of fisheries statistics the actual catch of chum salmon 
exceeds official. So, illegal, unreported and unregulated catch of chum (IUU fishing) is about 60% from 
the official fishing. Because in forecasts the withdrawal of the descendants of generations from breeding in 
previous years is one of the main key factors affecting to the stock recruitment chum and its reproduction 
that further studies of Anadyr’s chum are needed.
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About NPAFC

The current science plan theme is

 including:
o Migration and survival mechanisms

of juvenile salmon in ocean eco-
systems

o Climate impacts on salmon
production in the Bering Sea and 
adjacent waters

o Winter survival of salmon in ocean
ecosystems

o Biological monitoring of key salmon
populations

o Development and applications of
stock identification methods and 
models for management

Who?
The North Pacific Anadromous 
Fish Commission (NPAFC) was 
established by the Convention for the 
Conservation of Anadromous Stocks 
in the North Pacific Ocean.  Member 
countries include Canada, Japan, 
Republic of Korea, the Russian 
Federation, and the United States.  

Where?
The Convention Area is the North 
Pacific Ocean and its adjacent seas, 
North of 33°N and beyond the 200-mile 
zones of coastal states.  

Why?
The primary objective is to promote 
conservation of anadromous stocks 
(Pacific salmon and steelhead trout) in 
the North Pacific Ocean.  Conservation 
measures in the Convention Area include:

o prohibit directed fishing for anadromous fish
o minimize incidental catch of anadromous fish
o prohibit retention of incidental catch of anadromous fish

How?
Enforcement:  Member countries
take action against activities contrary 
to the provisions of the Convention 
and cooperate in enforcement 
activities.  Each member ensures 
its fishing vessels comply with the 
Convention and has the authority to 
board, inspect, and detain vessels 
found in violation of the Convention.  
Members coordinate and dispatch 
patrol vessels and aircraft to 
the Convention Area to enforce 
conservation measures.

Science:  Scientists acquire, analyze,
and disseminate information related to 
anadromous stocks and ecologically 
related species in the North Pacific.  
Specialists cooperate in collecting 
anadromous fish for scientific 
purposes in research programs 
approved by NPAFC and researchers 
report and exchange fisheries 
data, samples, and other relevant 
information.  

For more information
o Bulletins – peer-reviewed proceedings of NPAFC scientific symposia
o Technical Reports – extended abstracts from NPAFC workshops
o Catch Statistics
o Annual Reports (1993 – present)
o Newsletters

on anadromous stocks in the North Pacific, visit our website 
www.npafc.org where the following items can be downloaded:
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