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BACKGROUND AND PURPOSE
Total commercial catches of Pacific salmon (Oncorhynchus spp.) in the Subarctic North Pacific are at
historic high levels, with recent catches over one million tonnes. High catches were caused by an
increase of pink and chum salmon production, which represented over 80% of the total catch. At the
same time Chinook, coho, and masu salmon have been decreasing in abundance. These trends in Pacific
salmon catches are generally recognized to result from processes within the ocean that appear to improve
the capacity to produce pink and chum salmon, perhaps decrease the capacity to produce Chinook and
coho salmon, and contribute to recent extreme variability in sockeye salmon production. Understanding
how future trends in ocean production capacity will change is particularly important for hatchery
programs. The Workshop aims to bring together international experts to identify what is known about
the reasons for recent production trends and to identify future research needs.
Workshop objectives include the following: (1) identify production trends of pink and chum salmon by
region; (2) identify reasons for high production of pink and chum salmon (and low production of other
salmon species); (3) predict future production of pink and chum salmon; and (4) identify key areas of
future research.

TOPICS
The workshop includes the following topic sessions:
1.
Trends of pink and chum salmon production by region
2.
Hatchery production
3.
Migration and distribution patterns during the marine life history
4.
Feeding, growth, and survival strategies
5.
Ecological capacity of the ocean to produce wild and hatchery pink and chum salmon
6.
Prediction and management of Pacific salmon production in a changing climate
7.
Future research
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TIMETABLE AT-A-GLANCE
October 30 Sunday
Item
Registration

Time slot
08:00-12:00

Welcoming Remarks
Presentations

09:00-09:10
09:10-09:30
09:30-09:50
09:50-10:10
10:10-10:30
10:30-11:00
11:00-11:20
11:20-11:40
11:40-12:00
12:00-12:20
12:20-13:50
13:50-14:10
14:10-14:30
14:30-14:50
14:50-15:10
15:10-15:40
15:40-16:00
16:00-16:20
16:20-16:40
16:40-17:00

Break (30 min)
Presentations

Lunch (1 hr 30 min)
Presentations

Break (30 min)
Presentations

Poster Session (1 hr)
Reception (2 hr)

Panel
Group

Panel Members

Topic

Presenter

Fedorenko/Davis
Richard Beamish
William Heard
James Irvine
Vladimir Radchenko

Panel 1

1
1
1
1

Alexander Bugaev
Randall Peterman
Laurie Weitkamp

1
1
1
1

Sanae Chiba
Alexander Kaev
Yury Khokhlov
Toru Nagasawa

Panel 2

Ed Farley
Masahide Kaeriyama
Maxim Koval

1
1
3
3

Yasuyuki Miyakoshi
Suam Kim
William Templin
Shunpei Sato

Panel 3

William Crawford
Joseph Orsi
Olga Temnykh

3
3
4
4

Shigehiko Urawa
Laurie Weitkamp
Kentaro Morita
Olga Temnykh

Panel 4

Toru Nagasawa
Greg Ruggerone
Evgeny Shevlyakov

17:30-18:30
18:30-20:30
*Topic 2: No oral presentations

October 31 Monday
Item
Presentations

Break (30 min)
Presentations

Lunch (1 hr 30 min)
Presentations

Break (30 min)
Presentations
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Time slot
08:30-08:50
08:50-09:10
09:10-09:30
09:30-09:50
09:50-10:10
10:10-10:40
10:40-11:00
11:00-11:20
11:20-11:40
11:40-12:00
12:00-13:30
13:30-13:50
13:50-14:10
14:10-14:30
14:30-14:50
14:50-15:20
15:20-15:40
15:40-16:00
16:00-16:20
16:20-16:40

Topic
4
4
4
4
4

Presenter
Alexander Zavolokin
Koh Hasegawa
Maxim Koval
Toshiki Kaga
Daniel Bevan

Panel
Group
Panel 5

Panel Members
Beverly Agler
Ki Baik Seong
Shigehiko Urawa

5
5
5
5

Greg Ruggerone
Randall Peterman
Alex Wertheimer
Beverly Agler

Panel 6

William Heard
Yury Khokhlov
Kentaro Morita

5
6
6
6

Nate Mantua
Masahide Kaeriyama
Michio Kishi
Evgeny Shevlyakov

Panel 7

Sanae Chiba
Alexander Kaev
Alex Wertheimer

Nataliya Klovach
Joseph Orsi
Orlay Johnson
James Balsiger

Panel 8

Richard Beamish
Suam Kim
Vladimir Radchenko

6
6
6
Wrap-up
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SCHEDULE
October 29 (Saturday)
9:00-18:00
17:00-19:00

Optional Bus Excursion (Goldstream Provincial Park, City of Victoria)
Pre-Registration (Shaw Lobby, Upper Level, Module 2, Vancouver Island
Conference Centre)

October 30 (Sunday)
8:00-12:00
9:00-17:00
17:30-18:30
18:30-20:30

Registration (Shaw Lobby, Upper Level, Module 2, Vancouver Island
Conference Centre)
Oral Presentations (Shaw Auditorium, Upper Level, Module 2, Vancouver Island
Conference Centre))
Poster Session (Shaw Lobby)
Reception (Newcastle Island Lobby, Upper Level, Module 1, Vancouver Island
Conference Centre )

October 31 (Monday)
08:30-17:00

Oral Presentations
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PROGRAM
*Presenter

OCTOBER 30 (SUNDAY)
Panel 1:
9:00-9:10
Topic 1:

Alexander Bugaev, Randall Peterman, and Laurie Weitkamp

Welcoming Remarks

V. Fedorenko/N. Davis

Trends of pink and chum salmon production by region

9:10-9:30

Increasing trends of pink and chum salmon on the west coast of Canada
Richard Beamish*……………………………………………………………..…………….1

9:30-9:50

Why are pink and chum salmon at such high abundance levels in the Gulf of Alaska?
William R. Heard* and Alex C. Wertheimer………………………………………………... 2

9:50-10:10

Temporal patterns of abundance and size for pink salmon in British Columbia and
Puget Sound (Washington State)
James R. Irvine*, Catherine Michielsens, Bruce White, Pieter Van Will,
and Michael O’Brien…………..………………………………………………....………… 3

10:10-10:30 Abundance dynamics of pink salmon, Oncorhynchus gorbuscha, as a structured
process determined by many factors
Vladimir I. Radchenko*…………………………………………………………………….. 4
10:30-11:00 Break & Posters

Panel 2:

Edward Farley, Mashide Kaeriyama, and Maxim Koval

11:00-11:20 Trophic link between Neocalanus copepods and pink salmon in the western
subarctic North Pacific based on long-term nitrogen stable isotope analysis
Sanae Chiba*, Hiroya Sugisaki, Kazuaki Tadokoro, and Toru Nagawasa……………….. 5
11:20-11:40 Production trends of pink salmon in Sakhalin-Kuril region from the viewpoint
of run timing
Alexander M. Kaev*……………………………...……………………………………………. 6
11:40-12:00 Trends of chum and pink salmon production in Chukotka
Yury N. Khokhlov*………………………….…………………………………………….… 7
12:00-12:20 Fluctuation of Japanese chum salmon returning rate related to the SST along
the spawning migration route
Toru Nagasawa* and Tomonori Azumaya…….…..……………………………………….. 8
12:20-13:50 Lunch
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Panel 3:

William Crawford, Joseph Orsi, and Olga Temnykh

13:50-14:10 Recent patterns in return rate of chum salmon to different regions of Hokkaido
Yasuyuki Miyakoshi* and Mitsuhiro Nagata…………………………………………......... 9
14:10-14:30 Relationship between environmental variability and chum salmon production
at the southern limit of their distribution in Asia
Suam Kim*, Hyunju Seo, and Sukyung Kang………………………..……………………..10
Topic 2:

Hatchery production (No oral presentations, see Poster-5 and -6, pages 38-39.)

Topic 3:

Migration and distribution patterns during the life history

14:30-14:50 Improved genetic stock identification of chum salmon through the
PacSNP collaboration
William D. Templin*, Chris Habicht, Lisa W. Seeb, Shunpei Sato, Syuiti Abe, Kenneth
Warheit, Jung Youn Park, and James E. Seeb………………………....……………………..... 11
14:50-15:10 Stock-specific summer ocean distribution of immature chum salmon in the
Bering Sea as inferred from SNP markers
Shunpei Sato*, Masahiro Kato, Kentaro Morita, and Shigehiko Urawa…….…………… 12
15:10-15:40 Break & Posters

Panel 4:

Toru Nagasawa, Greg Ruggerone, Evgeny Shevlyakov

15:40-16:00 Status of hatchery-origin chum salmon in the Bering Sea deduced from
otolith mark recoveries
Shigehiko Urawa*, Shunpei Sato, and Masaya Takahashi……………...………...…….... 13
16:00-16:20 Early marine residence of juvenile pink and chum salmon in the northern
California Current: life at the southern end of the range
Laurie A. Weitkamp*, Elizabeth Daly, and Joe Fisher……………………….…………… 14
Topic 4:

Feeding, growth, and survival strategies

16:20-16:40 Thermal habitats of Pacific salmon: Does climate change benefit pink
and chum salmon?
Kentaro Morita*…………………………………….………………………………..…… 15
16:40-17:00 Variability of pink salmon body size in relation to the abundance of
Far Eastern stocks
Olga S. Temnykh*..….…..….…..….…..…….….….….….….….….…….…...……..….…16
17:30-18:30 Poster Session (Shaw Lobby)
18:30-20:30 Reception (New Castle Island Lobby)
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OCTOBER 31 (MONDAY)
Panel 5:

Beverly Agler, Ki Baik Seong, and Shigehiko Urawa

8:30-8:50

Changes in size, age, and intra-annual growth of Anadry chum salmon
(Oncorhynchus keta) from 1962-2010
Alexander V. Zavolokin*, Vladimir V. Kulik, and Yury N. Khokhlov…………..…………. 17

8:50-9:10

Body size variation of juvenile chum salmon among three coastal areas
of Hokkaido, northern Japan
Koh Hasegawa*, Tomoki Sato, and Kei Sasaki…………………………………………….18

9:10-9:30

Feeding strategies and trends of pink and chum salmon growth in the marine
waters of Kamchatka
Vladimir Karpenko and Maxim Koval*……………………………..……………...…….. 19

9:30-9:50

Influence of fish size and abundance on lipid contents of immature
chum salmon (Oncorhynchus keta) in the central Bering Sea
Toshiki Kaga*, Shunpei Sato, Tomonori Azumaya, Nancy D. Davis,
and Masa-aki Fukuwaka…………..……………………………………………..….……. 20

9:50-10:10

Spatial variability in lipid content and fatty acid profiles of macrozooplankton
from coastal British Columbia, Canada
Daniel P. Bevan*, John F. Dower, Marc Trudel, and Asit Mazumder……………...……. 21

10:10-10:40 Break & Posters

Panel 6:
Topic 5:

William Heard, Yury Khokhlov, and Kentaro Morita

Ecological capacity of the ocean to produce wild and hatchery pink and chum salmon

10:40-11:00 Evidence for bottom up effects on pink and chum salmon abundance and
the consequences for other salmon species
Greg Ruggerone*………………………………….……………………………………… 22
11:00-11:20 The need for international cooperation to reduce competition among salmon
for a common pool of prey resources in the North Pacific Ocean
Randall M. Peterman*, Carrie A. Holt, and Murray R. Rutherford…………………..….. 23
11:20-11:40 Does abundance of Asian pink salmon affect survival of Bristol Bay
sockeye salmon?
Alex C. Wertheimer* and Edward Farley……………..……………….………..………… 24
11:40-12:00 Growth of western Alaska chum salmon in relation to climatic factors
and inter- and intra-specific competition
Beverly A. Agler* and Greg Ruggerone…..……………………………………….……… 25
12:00-13:30 Lunch
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Panel 7:

Sanae Chiba, Alexander Kaev, Alex Wertheimer

13:30-13:50 Estimates for pink salmon growth potential variations in the North Pacific
and Bering Sea: 1900-2010
Nate Mantua*, Dave Beauchamp, and Kate Myers….………………………….………… 26
Topic 6:

Prediction and management of Pacific salmon production in a changing climate

13:50-14:10 Carrying capacity and density-dependent processes of chum salmon,
Oncorhynchus keta, in the ocean under conditions of a warming climate
Masahide Kaeriyama*, Hyunju Seo, Yuxue Qin, and Michio J. Kishi………………..….. 27
14:10-14:30 Ecosystem approach for management of artificial release of chum salmon
from Japan based on a bioenergetic model coupled with NEMURO
Michio J. Kishi*, Kenta Awa, Takeshi Miwa, Hiromichi Ueno,
and Toru Nagasawa……………………………………………………………..…...…… 28
14:30-14:50 Forecast and production dynamics of the pink salmon of West Kamchatka
Evgeny Shevlyakov*……………………………….…………………………….….……. 29
14:50-15:20 Break & Posters

Panel 8:

Dick Beamish, Suam Kim, Vladimir Radchenko

15:20-15:40 The association of long-term changes in West Kamchatka pink salmon catches
with climate regime shifts in the Northern Hemisphere
Andrei S. Krovnin and Nataliya V. Klovach*………………..…………………………… 30
15:40-16:00 Recent harvest trends of pink and chum salmon in Southeast Alaska:
can marine ecosystem indicators be used as predictive tools for management?
Joseph A. Orsi*, Emily A. Fergusson, and Molly V. Sturdevant………………………..... 31
16:00-16:20 Species contractions and the impacts of climate and habitat change on
chum salmon at the southern edge of their range - Why did the salmon cross the road?
Orlay W. Johnson*, Anna Elz, Jeffrey J. Hard, and David Stewart …………………..……. 32
Topic 7:

Future research

16:20-16:40 Workshop Wrap-Up
James Balsiger*…………………………………………………………………………... 33
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Topic 1.

Oral Presentations. Abstracts. Topic 1.

Trends of pink and chum salmon production by region (Oral-1)

Increasing trends of pink and chum salmon on the west coast of Canada
Richard Beamish*
Pacific Biological Station, 3190 Hammond Bay Road Nanaimo, BC V9T 6N7, Canada
(Email: Richard.Beamish@dfo-mpo.gc.ca; Tel: 250-756-7029)
Pink salmon returns to the Fraser River are at historic high levels. Chum salmon production is also
increasing. At the same time coho and Chinook salmon production is decreasing. These changes occur
in trends indicating that they are most likely a result of a gradually changing ocean environment. It is
possible that the increasing pink salmon production results from an earlier production of prey that better
matches the ocean entry times. However, for pink salmon, there is no relationship between fry counts in
the Fraser River or survey catches of juvenile pink salmon in the Strait of Georgia and the total returns.
There also is no relationship between the size of juveniles in July and adult returns. In fact, in 2008
juvenile pink salmon were very small, but the adult return in 2009 was quite large. This suggests that
conditions in the ocean after July are important determinants of brood year strength. However, in the
central coast area of British Columbia, a slower rate of growth of pink salmon in the early marine period
was associated with poorer returns. It appears that both the early marine period and the winter conditions
affect brood year strength. If early marine growth is not rapid, fish must experience good feeding
conditions in the winter to have high survivals. If early growth is rapid, conditions in the winter are less
important. Thus, the increasing production of pink and chum salmon may be a mixture of improved
early marine growth combined with more food in the winter. The increasing abundance trend is a
consequence of a changing ocean environment that results in an increasing frequency of conditions near
shore and off shore that are favourable for survival.
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Topic 1.

Trends of pink and chum salmon production by region (Oral-2)

Why are pink and chum salmon at such high abundance levels in the
Gulf of Alaska?
William R. Heard* and Alex C. Wertheimer
NOAA/NMFS Alaska Fisheries Science Center Auke Bay Laboratories, Ted Stevens Marine Research
Institute, 17109 Pt Lena Loop Road, Juneau, Alaska 99801, USA
(Email: bill.heard@noaa.gov; Tel: 907-789-6003; Fax: 907-789-6094)
Historically pink and chum salmon have been the most abundant salmon in the Gulf of Alaska (GOA).
Harvest data indicate that in recent decades populations of pink and chum salmon that reside in GOA
have been at or near record high levels. This high abundance can be attributed to a number of related
factors. The regime shift of 1976-1977 proved to be a major flex point on changes in ocean
conditions that led to significant increases in marine survivals not only for pink and chum salmon but
for other species as well. Subsequent regime shifts, while temporarily affecting survival patterns
somewhat, have not changed the overall patterns of relatively high marine survivals for most pink and
chum salmon stocks. With less complex freshwater life histories these species have innate
advantages over other Pacific salmon for producing more juveniles that annually enter oceanic waters.
Beginning also in the late 1970s major new programs in Alaska were beginning to release large
numbers of juvenile pink and chum salmon from hatcheries into these waters. We compared harvest
(as an index of run-strength) and hatchery survivals for three regional areas of Alaska having both
hatcheries and wild runs of pink and chum salmon. The hatchery focus in these regions include:
Southeast, low pink salmon-high chum salmon production; Kodiak, medium pink salmon -low chum
salmon production; and Prince William Sound, high pink salmon- medium chum salmon production.
The results show that inter-annual environmental variables interact at local, regional, and occasionally
at marine basin scale levels to influence survival and run strength of returning adults. These patterns
indicate oceanic migratory pathways from the three regions may involve slightly different areas within
the GOA. Cyclical patterns of alternate high and low survivals between odd-year and even-year
Prince William Sound hatchery pink salmon also suggest periodic interaction between brood lines
within the marine environment.
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Trends of pink and chum salmon production by region (Oral-3)

Temporal patterns of abundance and size for pink salmon in British Columbia
and Puget Sound (Washington State)
James R. Irvine*1, Catherine Michielsens2, Bruce White2, Pieter Van Will3,
and Michael O’Brien1
1

Fisheries & Oceans Canada, Pacific Biological Station, Nanaimo, BC V9T 6N7, Canada
(Email: James.Irvine@dfo-mpo.gc.ca)

2

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

3

Fisheries & Oceans Canada, Box 2159, 8585 Wollason Rd., Port Hardy, BC V0N 2P0, Canada

We assembled pink salmon escapement data for Conservation Units (CU) in BC (1953-2009), as well as
streams in Puget Sound (1959-2009) by identifying those streams with data for 2/3 or more of the years,
and imputing the missing years of data. We accounted for fish in the remaining streams by multiplying
annual reconstructed estimates for each CU by a scaling factor assuming their relative abundance within
the CU remained stable across the years. In general, these data-limited streams are low production
systems containing few pink salmon. Significant trends in escapement, which were all positive, were
observed in seven of the 30 CUs, including odd year returning Fraser River, and the aggregate escapement
to Puget Sound. The generated time series of fishery exploitation for Fraser River pink salmon and other
southern Canadian populations indicates that the increases in spawner abundance are partly due to
decreased fishery exploitation. Coinciding with the increase in spawner numbers, the mean body sizes of
returning pink salmon declined within the available datasets (Fraser River, 1959-2009; Puget Sound,
1973-2009). Fry abundance indices for Fraser River and Puget Sound allowed us to estimate temporal
patterns of freshwater (i.e. index of fry numbers produced per adult) and post-fry (i.e. primarily marine)
productivity (i.e. adults produced per index of fry abundance). In both areas, freshwater productivity
declined as spawner abundance increased (i.e. there was a negative anomaly from the average fry/adult
ratio). Density dependence as assumed in a Ricker model explained negative anomalies at large spawner
numbers and positive anomalies when spawner numbers were low. Taking into account density
dependence there were no further signs of increased freshwater productivity. We conclude that pink
salmon populations in the southern portion of their range in the eastern North Pacific are increasing,
similar to those further north and west, but the mechanisms responsible for increases likely differ. In the
southeast North Pacific, increasing pink salmon numbers are more likely a response to declining fishery
exploitations than enhancement, which is minimal. Increased escapements apparently caused density
dependent declines in freshwater productivity. In the next phase of our analysis we will examine
temporal patterns more closely to determine whether there is evidence of climate-related shifts in
abundance and survival associated with reported ecosystem regime shifts, and test for shifts in dominance
between odd- and even-year lines.

.
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Topic 1.

Trends of pink and chum salmon production by region (Oral-4)

Abundance dynamics of pink salmon, Oncorhynchus gorbuscha, as a
structured process determined by many factors
Vladimir I. Radchenko*
Pacific Scientific Research Fisheries Center (TINRO-center), 4 Shevchenko Alley, Vladivostok 690950,
Russia (Email: radchenko@tinro.ru; Tel: 7-4232-400790; Fax: 7-4232-300751)
Although pink salmon is a fish species with a short-cycle life history, its stock abundance dynamics
exhibit features typical of common pelagic fish species with average life-cycle duration. Interchanging
periods of high and low pink salmon abundance levels related to positive and negative stock abundance
trends are inherent for major regional groups. Major regional groups of pink salmon are divided into
temporally isolated even- and odd-year populations. Most stocks, in turn, are separated by paired
seasonal races with distinct morphological characteristics and spawning areas within river basins. The
life cycle of pink salmon can be conditionally divided into freshwater (including spawning, embryonic,
and downstream migration phases) and marine periods (including coastal and ocean phases). The
structure of temporal and geographical differences in the distribution of individual components of the
spawning stock partly mitigates potentially adverse impacts from environmental factors. It is significant
that the proportion of early- and late-season races in the total pre-spawning coastward migration varies
continuously, without exhibiting clear periodicity. Population dynamics of pink salmon are most
sensitive to factors that impact all subunits of the stock. The freezing of spawning grounds during the
embryonic life period of pink salmon may be such a factor for regional groups reproducing mainly in
small rivers, like those in southeast Alaska and southeast Sakhalin Island. During the marine life period,
pink salmon may be adversely affected by large-scale climate factors and by conditions of the food supply,
especially if pink salmon migration pathways cross feeding areas of abundant and densely concentrated
planktivorous medium-sized pelagic fish, such as Pacific sardine. These arguments are illustrated with
examples of pink salmon population dynamics from different regions of the North Pacific Ocean.
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Trophic link between Neocalanus copepods and pink salmon in the western
subarctic North Pacific based on long-term nitrogen stable isotope analysis
Sanae Chiba*1, Hiroya Sugisaki2, Kazuaki Tadokoro3, and Toru Nagasawa4
1

Research Institute of Global Change, JAMSTEC, 3173-25 Showa-machi, Kanazawa-ku, Yokohama,
Kanagawa 236-0001, Japan (Email: chibas@jamstec.go.jp; Tel: +81-45-778-5604;
Fax: +81-45-778-5706)
2

National Research Institute of Fisheries Science, FRA, 2-12-4 Fukuura, Kanazawa, Yokohama,
Kanagawa 236-8648, Japan

3

Tohoku National Fisheries Research Institute, 3-27-5, Shinhama-cho, Shiogama, Miyagi
985-0001, Japan
4

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

We examined the long-term change in the trophic link between Neocalanus copepods and pink salmon in
the western subarctic North Pacific based on nitrogen stable isotope (δ15N) analysis. Time series of the
δ15N from three species of Neocalanus, which were extracted from the Odate Collection samples, and
from pink salmon scales collected during the 1960s to 2002 were compared. δ15N markedly declined (c.a.
0.2%) for both Neocalanus and pink salmon after 1988, roughly coinciding with the timing of the North
Pacific Regime Shift. As Neocalanus is reported to shift its feeding strategy from herbivorous to
omnivorous when phytoplankton availability is low, decline in Neocalanus δ15N in the 1990s suggests an
increase in phytoplankton availability in this region. Having observed that both Neocalanus biomass and
pink salmon catch increased in the 1990s, Neocalanus production/survival likely benefitted from favorable
food conditions, rich in phytoplankton, which secondarily enhanced pink salmon production. This study
revealed possible bottom-up control of pink salmon production, which is driven by decadal climatic
forcing over the North Pacific.
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Production trends of pink salmon in the Sakhalin-Kuril region from the
viewpoint of run timing
Alexander M. Kaev*
Sakhalin Research Institute of Fisheries and Oceanography (SakhNIRO), 196, Komsomolskaya Str.,
Yuzhno-Sakhalinsk 693016, Russia (Email: kaev@sakhniro.ru; Tel: 4242-456-747; Fax: 4242-456-778)
In the last 20 years pink salmon from the Sakhalin-Kuril region are characterized by large size and great
abundance caused mainly by high survival during the marine life history period. At the same time,
changes in these indices are weakly related with changes in climatic indices. Moreover, changes in pink
salmon abundance, biological indices, and timing of the adult return migration may be corrected by
structural changes in local stocks composed of early and late runs. The greater number of eggs produced
by females in the early run reflects higher mortality: mean abundance is lower and variability increases by
year. The long-term abundance trends for runs in Aniva Bay and Iturup Island are weakly correlated
with changes in climatic indices. Proportional changes in the different runs show a long-term trend,
however, relationships coincide only for individual periods for the different stocks. There was a
synchronous decrease in abundance of the early run that occurred in the 1980s and a switch of the
dominant lines (Iturup Island, 1993). Since 2005, another synchronous decrease in the early run was
observed. A declining trend in pink salmon abundance and a change of dominant lines has been
suggested for Iturup Island stocks. There is no statistically reliable relationship between changes in pink
salmon length and the PDO index. A ratio change was observed in male and female body lengths:
females were relatively larger when growth slowed. Because there is a positive relationship between
female length and fecundity, this feature may be a population response that supports reproduction when
feeding conditions change for the worse.
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Trends of chum and pink salmon production in Chukotka
Yury N. Khokhlov*
Chukotka Branch of TINRO-Center, 56, Otke St., Anadyr, Chukotsky Autonomous Region 689000, Russia
(Email: juri21@mail.ru; Tel: +7 4272226647; Fax: +7 4272226761)
Chukotka is a unique region in the Russian Far East where there are no hatcheries and salmon catches are
low. Chum, spawning in the rivers of Anadyr Bay basin, are the most abundant salmon in Chukotka.
Other Pacific salmon populations in the region represent only about 15%. Cyclic changes in ocean
productivity result in a 40-year trend in chum salmon production. Within this trend, there are shorter
trends that are related to other factors. From the beginning of the 21st century Anadyr chum salmon
increased in number with the last three years averaging 3 million fish. This increase is expected to
continue until 2020. There also has been an increase in the abundance of chum and pink salmon in other
regions. Abundances of approximately 1 million pink salmon occur in odd-numbered years and 100,000
in even-numbered years.
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Fluctuation of Japanese chum salmon returning rate related to the SST along
the spawning migration route
Toru Nagasawa*1 and Tomonori Azumaya2
1

Hokkaido National Fisheries Research Institute (Sapporo), Fisheries Research Agency, 2-2 Nakanoshima,
Toyohira-ku, Sapporo 062-0922, Japan (Email: nagasat@affrc.go.jp, Tel: 81-11-822-2321)

2

Hokkaido National Fisheries Research Institute (Kushiro), Fisheries Research Agency, 116 Katsurakoi,
Kushiro 085-0802, Japan

Asian chum salmon catches, including Japanese stocks, increased following the 1977 regime shift and
have maintained a high level. A large portion of Japanese chum salmon stocks originate in hatcheries,
and the number of chum salmon smolt releases has been almost constant (1,817-2,094 millions) since
1980. Although there has been constant enhancement effort, the number of returning chum salmon has
fluctuated (44-89 millions) even after 1990. Before 1993, the average release size of chum salmon from
hatcheries in Hokkaido was positively related to the return rate of Hokkaido chum salmon. After 1994,
when the average release size was over 1.0g, SSTs along the migration route from the Bering Sea to natal
rivers in September has been negatively related to the return rate of chum salmon. Archival tag data
indicated maturing chum salmon avoid warm waters (higher than 16oC) both horizontally and vertically.
We have supposed the survival rate during the early sea life period was connected to year-class strength
and return rate of Japanese chum salmon. We propose the additional working hypothesis that water
temperatures along the spawning migration route in the northwestern Pacific affects the number of
returning Japanese chum salmon.
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Recent patterns in return rate of chum salmon to different regions
of Hokkaido
Yasuyuki Miyakoshi* and Mitsuhiro Nagata
Salmon and Freshwater Fisheries Research Institute, Hokkaido Research Organization, Eniwa,
Hokkaido 061-1433, Japan (Email: miyakoshi-yasuyuki@hro.or.jp; Tel: +81-123-32-2135;
Fax: +81-123-34-7233)
Japanese chum salmon, Oncorhynchus keta, has contributed substantially to the recent high abundance of
chum salmon in the North Pacific, representing more than 60% of total commercial chum salmon catches
during 2003-2007. Hokkaido is the principal area of salmon production in Japan. Hokkaido chum
salmon stocks have been supported by intensive hatchery programs and currently an annual total of ~one
billion hatchery-reared chum salmon juveniles are stocked in 140 rivers and 80 net-pen sites in Hokkaido.
The number of chum salmon returning to Hokkaido has been at historical levels since the 1990s.
However, the large difference in recent return rates has been remarkable among regions; the recent return
rates are historically high in the Okhotsk Sea region, relatively low in the Sea of Japan region, and highly
variable in the Pacific Ocean region. In the last few years, declines of returning chum salmon to the
Pacific Ocean and Nemuro Strait regions were remarkable. Innovations in hatchery technology are
represented by improved fish quality and release timing by feeding fry after the 1960s. Release size has
been increased by improvement of rearing techniques and expanded rearing facilities; mean size was 0.8 g
in 1987, exceeded 1.0 g in 1991, and attained 1.3 g in 2009. Release size of hatchery-reared juveniles
differs among regions, and the effects of increased release size on return rates are not distinct when release
size is over 1 g. As for release timing, it has been recommended that hatchery-reared juveniles be
released when coastal sea water temperatures range from 5° to 10°C. The timing when coastal sea water
temperatures are within this range has been gradually changing. Also, the proportion of hatchery-reared
fish that were released from net-pens increased in the last decade, although the annual number of fish
released has been constant. These recent changes in hatchery stocking and conditions of the coastal
environment may affect the pattern of return rates of chum salmon to different regions of Hokkaido.
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Relationship between environmental variability and chum salmon production
at the southern limit of their distribution in Asia
Suam Kim*1, Hyunju Seo2, and Sukyung Kang2
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Department of Marine Biology, Pukyong National University, 599-1 Daeyeon3-dong, Nam-gu, Busan
608-737, Korea (Email: suamkim@pknu.ac.kr; Tel:82-51-629-5923; Fax: 82-51-629-5923)

2

National Fisheries Research and Development Institute, Busan 619-705, Korea

Areas off the Korean Peninsula and Japanese islands are considered the southernmost limit of chum
salmon (Oncorhynchus keta) distribution in the northwestern Pacific Ocean. The high enhancement
activities by Japan and Korea may cause the increase in chum salmon production. Recently, chum
salmon production in the North Pacific is at a record high, but the cause of the high abundance of chum
salmon has not been clearly explained. Salmon might be vulnerable to global warming in this area
because warming of the ocean has been conspicuous within the northwestern Pacific and sea surface
temperature (SST) is expected to increase rapidly. Environmental conditions affecting the production of
Japanese and Korean chum salmon were investigated using climate indices, SST, and plankton
productivity. The returns of chum salmon to Korea and Japan showed a significant correlation with each
other (r2 = 0.618**), and changing patterns in size were similar in both populations. Catches of returning
salmon were proportional to the number of fry released during some specific years, but it was not always
true due to high environmental variability, such as the 1997/98 El Nino. Environmental conditions
during early ocean life seemed to be related to the growth of young salmon. Retrospective analysis has
been conducted using time-series of climate indices such as Aleutian Low Pressure Index, Pacific Decadal
Oscillation (PDO) Index, Arctic Oscillation Index, and Southern Oscillation Index in association with
chum salmon catch. Cross-correlation function analysis indicated that catches in the study area and all
climate indices had the highest significant correlations with a 2~4 year time-lag. Especially, the positive
PDO index, which represents comparatively lower SST in the northwestern Pacific, has a strong
significant correlation with catch. Therefore, it is anticipated that chum salmon production in Asia might
decrease due to predictions for a high rate of climate warming in the future.
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Improved genetic stock identification of chum salmon through the PacSNP
collaboration
William D. Templin*1, Chris Habicht1, Lisa W. Seeb2, Shunpei Sato3, Syuiti Abe4, Kenneth
Warheit5, Jung Youn Park6, and James E. Seeb2
1

Gene Conservation Laboratory, Alaska Department of Fish and Game, 333 Raspberry Road, Anchorage,
Alaska 99518, USA (Email: bill.templin@alaska.gov; Tel: 907-267-2234; Fax: 907-267-2442)

2

School of Aquatic and Fishery Sciences, University of Washington, 1122 NE Boat Street, Box 355020
Seattle, WA 98195, USA

3

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

4

Division of Marine Biosciences, Graduate School of Fisheries Sciences, Hokkaido University, Hakodate
041-8611, Japan

5

Washington Department of Fish and Wildlife, 600 Capitol Way N., Olympia, WA 98501, USA

6

Biotechnology Research Institute, National Fisheries Research and Development Institute, 408-1
Sirang-ri, Gijang-eup, Gijang-gun, Busan 619-705, Korea

Understanding the distributions of chum salmon in the oceanic and near-shore waters of the North Pacific
Ocean and Bering Sea has become increasingly useful for studying the effects of climate change,
large-scale hatchery production and bycatch in offshore fisheries. For more than two decades, genetics
data have been used as a key tool for studying the migratory routes of the species based on extensive sets
of data from spawning populations originating from across the species’ range. During this period the
genetic markers applied continually improved with advances in technology. With the collaborative
development of the PacSNP baseline among North American and Asian researchers, single nucleotide
polymorphisms (SNPs) were demonstrated as particularly amenable for multinational applications because
they are easily shared, require little interlaboratory standardization and can be assayed through
increasingly efficient technologies. PacSNP is focused on the continued development of the database
and applying it to problems of international interest. Here we present improvements to the PacSNP
baseline to provide a more comprehensive representation of populations and greater resolution through the
addition of more informative markers.
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Stock-specific summer ocean distribution of immature chum salmon in the
Bering Sea as inferred from SNP markers
Shunpei Sato*1, Masahiro Kato2, Kentaro Morita1, and Shigehiko Urawa1
1

Salmon Resources Division, Hokkaido National Fisheries Research Institute, Fisheries Research Agency,
2-2 Nakanoshima, Toyohira-ku, Sapporo 062-0922, Japan (Email: shuns@fra.affrc.go.jp).
2

Nijibetsu Field Station, Hokkaido National Fisheries Research Institute, Fisheries Research Agency,
728-1 Nijibetsu, Shibecha-cho 088-2462, Japan
Stock-specific ocean distribution of chum salmon in the Bering Sea and Arctic Ocean during the summer
of 2009 was estimated by genetic stock identification (GSI) using single nucleotide polymorphisms (SNP)
markers. Cruises were conducted by the research vessel R/V Hokko maru in the Bering Sea
(52°30’N-63°00’N, 174°49’E-170°05’W), Bering Strait (64°48’N-65°14’N, 169°36’W-168°40’W), and
Chukuchi Sea (67°53’N-70°05’N, 167°49’W-167°23’W) during July 15 to 24 and July 30 to August 9.
A total of 3,519 fish was collected from 27 stations in the Bering Sea, and seven fish were caught at two
stations in the Bering Strait and three stations in the Chukuchi Sea. Abundance of chum salmon in the
central Bering Sea (56°N-58°N) was higher than the abundance in other areas of the Bering Sea.
Adipose fin samples (N=2,256) were collected and fixed in 100% ethanol. Each sample was assayed for
33 SNP loci by TaqMan chemistry. The genotyping data were pooled from two or three stations nearby
and used for GSI. Because most fish (96%) were immature fish, maturing fish were excluded from the
genetic analysis. Stock contributions (Japan, Russia, and North America) of immature fish were
estimated by a conditional maximum likelihood algorithm using a SNP baseline dataset from 146
populations from the Pacific Rim. GSI-estimated stock composition was 42-57% Japanese and 29-52%
Russian in the central and northern (59°N-63°N) Bering Sea, however, the stock composition in the
southern Bering Sea (52°N-55°N) was 7-38% Japanese and 57-79% Russian. In the western Bering Sea
(53°N-56°N, 175°E), the stock composition was estimated to be 7-22% Japanese and 69-83% Russian.
The percentages of North American stocks were 4-14% in the survey areas of the Bering Sea. The
GSI-estimated CPUE (catch per unit effort) indicated the abundance of Japanese stocks increased
gradually from the southern to northern areas of the Bering Sea, and they predominated in the central and
northern Bering Sea. Russian stocks predominated in the southern and western Bering Sea, while North
American stocks were less abundant than Asian stocks in the survey areas of the Bering Sea. Our results
suggest the distribution pattern and abundance of Japanese and Russian chum salmon may differ between
the southern and northern areas of the Bering Sea. In particular, Japanese chum salmon stocks utilize
wide regions of the Bering Sea, including northern waters, as a summer feeding area.
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Status of hatchery-origin chum salmon in the Bering Sea deduced from otolith
mark recoveries
Shigehiko Urawa*, Shunpei Sato, and Masaya Takahashi
Salmon Resources Division, Hokkaido National Fisheries Research Institute, Fisheries Research Agency,
Sapporo 062-0922, Japan (Email: urawa@affrc.go.jp)
Otolith marking is an effective tool for determining the hatchery origin of individual salmon in both high
seas and coastal waters. Otolith-marked salmon are annually released from hatcheries in Canada, Japan,
Korea, Russia and the United States under the coordination of the North Pacific Anadromous Fish
Commission (NPAFC). The total number of otolith-marked chum salmon released in 2003-2009 was
approximately 4.8 billion juveniles (23% of the total hatchery releases in North Pacific Rim countries).
During 2006-2010 high-seas cruise surveys, more than 370 otolith-marked chum salmon were captured
mainly in the Bering Sea and 96% of the marked fish originated in Japan. Our study will utilize otolith
mark recoveries to estimate hatchery-specific distribution, abundance, and growth changes of chum
salmon in the Bering Sea, which may be a key area for high salmon production.
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Early marine residence of juvenile pink and chum salmon in the northern
California Current: life at the southern end of the range
Laurie A. Weitkamp*1, Elizabeth Daly2, and Joe Fisher3
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Northwest Fisheries Science Center, Newport Field Station, NOAA Fisheries, 2032 Marine Science Drive,
Newport, OR 97365, USA (Email: Laurie.Weitkamp@noaa.gov; Tel: 541-867-0504; Fax: 541-867-0505)

2

Cooperative Institute for Marine Resources Studies, Oregon State University, Hatfield Marine Science
Center, 2030 Marine Science Drive, Newport, OR 97365, USA
3

Cooperative Institute for Marine Resources Studies, Oregon State University, 104 COAS Administration
Bldg., Corvallis, Oregon 97331, USA
Juvenile pink and chum salmon have been regularly caught in the northern California Current
(NCC) in ecological studies focused on the dominant salmon species in the region, juvenile Chinook and
coho salmon. Juvenile pink and chum salmon caught in the NCC likely originated from populations at
the southern end of the species range in North America, which consists of the central Oregon Coast for
chum salmon (45° N), and Puget Sound (47° N) for pink salmon. Here, we review seasonal distribution
and abundance patterns, and size and growth trends of juvenile pink and chum salmon in the NCC, based
on catches from the 1980s to present.
Perhaps the most striking difference between pink and chum salmon in the NCC are their spatial
and temporal distributions. Chum salmon were caught throughout the general study area, which extends
from Newport, Oregon, to Cape Flattery, Washington. By contrast, most pink salmon catches were
restricted to the northern-most areas of the north Washington coast. The highest chum salmon catches
also occurred earlier in the summer (May and June), while pink catches were largely restricted to
September. These differences likely reflect geographic differences in source populations and migratory
behavior. Chum salmon populations exist in most basins along the Washington and northern Oregon
coasts and juveniles appear to occupy coastal marine habitats early in the summer, but have largely
dispersed by late summer. By contrast, there are no known pink salmon populations on the Washington
and Oregon coasts, although large populations exist in Puget Sound and the Strait of Georgia, including
the Fraser River. Juvenile pink salmon caught in our study likely originated from these large populations
and were caught as they exited the Strait of Juan de Fuca.
In addition to these distributional differences, information on catches of both species with respect to
biological and physical parameters, estimated growth rates, and diets, will be presented. This
information on the marine ecology of pink and chum salmon at the southern end of their range provides a
unique contrast to studies occurring in northern regions where pink and chum are the dominant salmon
species.
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Thermal habitats of Pacific salmon: Does climate change benefit pink
and chum salmon?
Kentaro Morita*
Hokkaido National Fisheries Research Institute, Fisheries Research Agency, Sapporo
062-0922, Japan (Email: moritak@affrc.go.jp)
Because most of the physiological processes of ectotherms are controlled by temperature, climate
warming could affect a variety of population processes in Pacific salmon. In the ocean, Pacific salmon
actively move to preferred thermal habitats by migration. Generally, Pacific salmon migrate northward
during summer and southward during winter. For example, Japanese chum salmon move to the Bering
Sea during the summer (sea surface temperature, ~6–11 °C) and then move to the eastern North Pacific
during winter (sea surface temperature, ~5–7 °C). In addition, chum salmon control their body
temperature using vertical migrations across the thermocline during the Bering Sea summer. Active
migrations throughout their ocean lifespan allow salmon to narrow their habitat choices to their preferred
temperatures. By contrast, Pacific salmon spend their juvenile and spawning stages in freshwater, where
they are passively affected by ambient temperature. For example, river water temperatures in Hokkaido,
Japan, vary from ~0–2 °C during winter to over 20 °C during summer; thus juvenile masu salmon, which
spend >1 year in freshwater before seaward migration, have to adapt to this broad temperature range.
Therefore, active control of thermal habitats mitigates the impact of seasonal and annual change in
temperature during the ocean life stage, whereas passive control of thermal habitats operates during the
freshwater life stage. These observed behavioral patterns lead to the hypothesis that climate warming
would have a severe negative effect on species with long freshwater stages (e.g. masu, coho, chinook and
sockeye salmon) and, in particular, southern populations. Moreover, preferred temperature ranges differ
by species and age (body size), with older and larger fishes generally inhabiting deeper and colder waters
than younger, smaller fishes (Bergmann’s rule). Similarly, pink salmon and small chum salmon tend to
use warmer waters than sockeye salmon and large chum salmon. Therefore, fish with a smaller body
size (pink salmon) or shorter freshwater life (pink and chum salmon) may experience reduced or even
beneficial effects from climate warming.
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Variability of pink salmon body size in relation to the abundance of
Far Eastern stocks
Olga S. Temnykh*
Pacific Research Fisheries Center (TINRO-center), 4 Shevchenko Alley, Vladivostok 690091, Russia
(Email: temnykh@tinro.ru; Tel: 423-240-1504)
Inter-annual dynamics of body size and abundance were studied for the primary pink salmon stocks
originating from the coast of Far Eastern seas in 1970-2009. The total abundance of Russian pink
salmon stocks increased 1.7-2 times in the 1990-2000 decade compared with the 1970-1980 decade. One
possible reason for increasing abundance is decreasing juvenile marine mortality of Okhotsk and Bering
Sea pink salmon stocks during the winter season. In the last five years mortality from autumn to spring
decreased from 87-92% to 76-82%. Trends of increasing body size were observed simultaneously with
increasing abundance for almost all Russian stocks. Features of the long-term dynamics of pink salmon
body size in connection with abundance were revealed for the major regional stocks. It was found that
density-dependent factors determined a decrease in average weight of fish for highly abundant pink
salmon generations only in a few cases (mainly for some Okhotsk Sea stocks). Possible causes for the
change in carrying capacity in the North Pacific Ocean and the increase in Asian pink salmon stock
production in the decade of the 2000s are discussed.
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Changes in size, age, and intra-annual growth of Anadyr chum salmon
(Oncorhynchus keta) from 1962-2010
Alexander V. Zavolokin*1, Vladimir V. Kulik1, and Yury N. Khokhlov2
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Pacific Research Fisheries Center (TINRO-center), 4 Shevchenko Alley, Vladivostok 690091, Russia
(Email: zavolokin@tinro.ru; Tel: 423-240-1504)

2

Chukotka Branch, Pacific Research Fisheries Center, 56, Otke St., Anadyr 689000, Russia

Inter-annual changes in body length, body weight, age composition, and intra-annual changes in growth of
Anadyr chum salmon collected in 1962-2010 were studied. From the 1960s to the 2000s, body size of
Anadyr chum salmon significantly decreased and the average age of spawners slightly increased. Annual
growth dynamics showed different patterns. Estimated from measuring intersclerite distances on scales,
first-year growth of Anadyr chum salmon samples collected in 1962 to 2007 was enhanced. After the
first year, growth was reduced. The greatest reduction occurred in the third (ages 0.3 and 0.4) and forth
(age 0.4) years. Intra-annual scale increments showed that growth reduction after the first year occurred
both in over-wintering and foraging areas. This contrasts with the wide-spread suggestion that chum
salmon size decreased due to a poor foraging conditions during the winter period. Based on published
results and our data, it seems the growth of at least two salmon species (chum and pink salmon) changed
similarly in recent decades. Hence there are some large-scale factors that influenced these species and
had an effect in the vast areas of the North Pacific and marginal seas. Our results don’t corroborate the
decisive importance of density-dependent interactions for Pacific salmon productivity in the last 50 years.
Based on the high negative correlation between Anadyr chum salmon growth and indices of ocean surface
temperature, ground air temperature, and heat content of North Pacific Ocean, we suggest the key factor
affecting long-term growth changes was probably sea water temperature.
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Body size variation of juvenile chum salmon among three coastal areas
of Hokkaido, northern Japan
Koh Hasegawa*, Tomoki Sato, and Kei Sasaki
Hokkaido National Fisheries Research Institute, Fisheries Research Agency, Nakanoshima, Toyohira,
Sapporo, Hokkaido 062-0922, Japan (Email: hasekoh@affrc.go.jp; Tel: +81-11-822-2340;
Fax: +81-11-814-7797)
Survival during the early life stage is strongly responsible for regulating fish populations. For Pacific
salmon, previous studies emphasize that coastal residency (the first few weeks after juvenile salmon enter
the sea) and river residency are a critical phase for juvenile survival. Thus, understanding juvenile
salmon ecology during coastal residency is essential for effective salmon management. During coastal
residency, survival is relatively high in large individuals, and both abiotic (temperature, etc.) and biotic
(food availability, etc.) environments affect growth rates. In this study, we analyzed data from surface
trawl surveys of chum salmon conducted in three coastal areas (Atsuta, Konbumori and Shari) of
Hokkaido, northern Japan, from late March to mid-July, 1999-2010. We found fish body size differed
among the three areas. In Atsuta and Shari, small individuals (5-6 cm fork length) were caught, while
large individuals (8-12 cm fork length) were present in Konbumori. We will discuss the relationship
between these patterns and environmental factors at this workshop.
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Feeding strategies and trends of pink and chum salmon growth in the marine
waters of Kamchatka
Vladimir Karpenko and Maxim Koval*
Kamchatka Research Institute of Fisheries and Oceanography (KamchatNIRO), 18 Naberedznaya Str.,
Petropavlovsk-Kamchatsky 683000, Russia (Email: karpenko_vi@kamchatgtu.ru; koval.m.v@kamniro.ru)
This presentation is based on results of 55 years of research carried on by researchers in the laboratory of
marine salmon investigations of KamchatNIRO. We analyzed trophological samples collected from
gillnet, purse seine, and pelagic trawl catches used for sampling juvenile and adult Pacific salmon since
1952. To assess fish feeding conditions and salmon growth in some years we used the following indices:
trophological (food composition, stomach fullness index, daily ration and food similarity); energy (caloric
content of forage organisms); biological (average weight of fish when they return to spawn); and
abundance of returning adults. We found some periods of observations when the food spectrum of pink
and chum salmon consisted of different components: from calorie-rich hyperiids, euphausiids, and
copepods in some years to calorie-poor tunicates, chaetognaths, and other such invertebrates in other years.
Chum salmon showed a high variety in food composition not only in the first year of life, but also in the
final period of sea migration. A high rate of digestion and a relatively large stomach volume can provide
chum salmon with the ability to consume large numbers of calorie-poor prey items in a short period.
Daily ration of pink salmon was less than that of chum salmon, but the ration consisted of organisms of
higher caloric value. Maximal variations in trophic and biological indices were demonstrated by pink
and chum salmon in years of high salmon abundance in the North Pacific, which affected the weight of
adult returns in some spawning areas. In most spawning areas, pink salmon (the most stable consumer of
macroplankton) generally showed increased average body weight and chum salmon (the most flexible
consumer) demonstrated decreased average body weight. Decreased average body weight of pink
salmon can rarely be observed in some areas, particularly under conditions of extreme high pink salmon
year-class abundance.
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Influence of fish size and abundance on lipid contents of immature
chum salmon (Oncorhynchus keta) in the central Bering Sea
Toshiki Kaga*1, Shunpei Sato2, Tomonori Azumaya1, Nancy D. Davis3,
and Masa-aki Fukuwaka1
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Hokkaido National Fisheries Resarch Institute (HNFRI), Fisheries Research Agency, 116 Katsurakoi,
Kushiro 0850802, Japan (Email: tkaga@fra.affrc.go.jp; Tel: 0154-92-1715; Fax: 0154-91-9355)
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HNFRI, 2-2 Nakanoshima, Toyohira-ku, Sapporo 062-0922, Japan
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School of Aquatic and Fishery Sciences, University of Washington, Box 355020, Seattle, WA 98195-5020,
USA. Present address: North Pacific Anadromous Fish Commission, Suite 502, 889 West Pender Street,
Vancouver, BC, V6C 3B2, Canada
Lipid is the principal energy storage constituent in salmonids, including chum salmon. Chum salmon
migrate in the Bering Sea for foraging during the summer and immature fish begin moving southward for
overwintering in autumn. Variability in lipid content of fish can depend on foraging conditions during
the growing season; therefore, lipid content during the summer can be regarded as a reliable marker for
chum salmon condition. We analyzed the lipid contents of 661 immature and maturing chum salmon
collected in the central Bering Sea from 2002 to 2007. Individual variation in log-transformed lipid
content was tested using generalized linear models and biological and environmental variables. A model
which included fish size and chum salmon CPUE was the most effective at describing variation in lipid
content of immature chum salmon. Lipid content of immature chum salmon increased as fish size
increased and chum salmon CPUE increased. No variables were effective in explaining variation in lipid
content of maturing chum salmon. The positive correlation between chum salmon lipid contents and
CPUE is contrary to the hypothesis of intra-specific exploitative competition for food items. Results
suggest the nutritional condition of immature chum salmon may be related to variables not tested in our
analysis, such as inter-species interference interactions, which might occur during occupation of the
surface layer by large schools of pink salmon.
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Spatial variability in lipid content and fatty acid profiles of macrozooplankton
from coastal British Columbia, Canada
Daniel P. Bevan*1, John F. Dower1,2, Marc Trudel3, and Asit Mazumder1
1

Department of Biology, University of Victoria, PO Box 3020 STN CSC, Victoria, BC V8W 3N5, Canada
(Email: dpbevan@uvic.ca)

2

School of Earth and Ocean Sciences, University of Victoria, PO Box 3065, STN CSC, Victoria,
BC V8W 3V6, Canada
3

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

This study explores the relationship between food quality and Pacific salmon production through impacts
on the growth and overwinter survival of juvenile salmon during their first year at sea. Recent
development in the use of fatty acids as bioindicators has drawn attention to the importance of food
quality and nutritional value in the productivity of marine ecosystems and that prey quality may be as
important as prey abundance in transferring energy through food webs. The concentrations of
polyunsaturated fatty acids, such as eicosapentaeonic acid (EPA) and docosahexaeonic acid (DHA) within
an organism, have become popular proxies for estimating food quality. Here we examine spatial
variability in fatty acid profiles, key fatty acid ratios, and overall lipid content across a range of
zooplankton species commonly found in coastal British Columbia, Canada. Selection of target species,
which included copepods, amphipods and euphausiids, was motivated by their prevalence across a wide
area, ease of capture and importance in the diet of juvenile salmon. Samples were collected from bongo
tows at more than 100 locations in the waters surrounding Vancouver Island and in more northern coastal
areas between May and September, 2010. Sampling allowed for intraspecies comparisons over multiple
spatial scales. These results explore how variability across ecosystems in the presence of critical fatty
acids can potentially alter the efficiency of energy transfer to juvenile salmon.
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Evidence for bottom up effects on pink and chum salmon abundance and
the consequences for other salmon species
Greg Ruggerone*
Natural Resources Consultants, Inc., 4039 21st Avenue West, Suite 404, Seattle, WA 98199, USA
(Email: gruggerone@nrccorp.com)
Total abundances of adult pink, chum, and sockeye salmon returning from the North Pacific Ocean have
been great since the mid-1970s ocean regime shift, but increasing abundances were not synchronous
among all species and regions. Abundances of most salmon runs in Alaska increased soon after the
mid-1970s ocean regime shift whereas increases in Asian runs were delayed. Furthermore, the large
increase in total chum salmon abundance was due to significant increases in hatchery production that
offset stable or declining regional abundances of wild chum salmon. Regions where hatchery pink
and/or chum salmon abundances significantly exceeded wild salmon abundance include Japan, Prince
William Sound, and Southeast Alaska. Evidence suggests that bottom-up (growth-related) processes
associated with ocean regime shifts and seasonal ocean conditions strongly influenced wild salmon
abundance. However, because salmon migrate long-distances at sea and interact with the same or
different species of salmon originating from distant regions, high regional abundances of salmon including
hatchery stocks may have adverse impacts on salmon from other regions. The growing evidence for
bottom-up control of salmon abundances and for competition over prey highlights the need to better
understand interactions between and among species of salmon at sea.
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The need for international cooperation to reduce competition among salmon
for a common pool of prey resources in the North Pacific Ocean
Randall M. Peterman*1, Carrie A. Holt1,2, and Murray R. Rutherford1
1

School of Resource and Environmental Management, Simon Fraser University, Burnaby,
BC V5A 1S6, Canada (Email: peterman@sfu.ca; Tel: 778 782-4683; Fax 778 782-4968)

2

Present address: Fisheries and Oceans Canada, Pacific Biological Station, 3190 Hammond Bay Rd.,
Nanaimo, BC V9T 6N7, Canada
Many populations of Pacific salmon (Oncorhynchus spp.) show long-term decreases in age-specific body
size, which reduce the economic value of catches and fecundity of spawners. Several hypotheses have
been proposed to explain these trends, including deteriorating environmental conditions, size-selective
fishing, and density-dependent growth associated with the large increases in pink (O. gorbuscha) and
chum (O. keta) salmon abundance in the North Pacific Ocean. The density-dependent hypothesis related
to competition for food has the greatest support, based on overlapping geographic distributions of pink,
chum, and sockeye salmon (O. nerka) populations, their stomach contents, and analyses of scale-growth
patterns and abundances. Some sockeye populations have also suffered reduced productivity (adult
recruits produced per spawner), in addition to reduced growth, when present with high abundances of
competitors, particularly pink salmon populations that vary dramatically in abundance between even- and
odd-years. Hatchery-released pink and chum salmon constitute a substantial and growing portion of total
wild plus enhanced salmon in the North Pacific Ocean, and plans exist to dramatically expand hatchery
releases in the future. Such plans are worrisome, given the importance of density-dependent processes
on the high seas that reduce body size of both hatchery-origin and wild salmon and in some cases,
productivity of wild salmon stocks. Therefore, it is important that salmon-producing nations begin
serious discussions on how to deal with this "common-pool resource" problem caused by competition for
prey in the North Pacific. We recommend that such discussions be coordinated by the North Pacific
Anadromous Fish Commission (NPAFC) after appropriate amendments are made to its mandate. The
objective would be to develop strategies and incentives for cooperation among salmon-producing nations.
The ultimate goal would be to take collective action to prevent further increases in competition among
salmon from different nations or even reduce it. In an analogous situation over 20 years ago, the NPAFC
reduced exploitation of salmon in the North Pacific Ocean by banning directed fishing on salmon in
waters beyond territorial limits. However, there is currently no analogous measure to deal with the next
lower trophic level, i.e., to restrict the "harvest" of a common pool of North Pacific prey by salmon
populations from different nations. Many precedents exist worldwide for creating appropriate incentives
to sustainably use such limited common-pool resources. Among other actions, such incentives include
sharing of benefits and side-payments to change the incentive structure. Action on this problem of
multi-national grazing of salmon food is long overdue.
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Does abundance of Asian pink salmon affect survival of Bristol Bay
sockeye salmon?
Alex C. Wertheimer*1 and Edward Farley2
1

Fishheads Technical Services, 17200 Andreanoff Drive, Juneau, AK 99801-8315, USA
(Email: alex.wertheimer@noaa.gov; Tel: 907-789-0789)

2

Ted Stevens Marine Research Institute, Alaska Fisheries Science Center, NOAA Fisheries, 17109 Point
Lena Loop Road, Juneau, AK 99801, USA (Email: ed.farley@noaa.gov; Tel: 907-789-6085)
The high abundance of pink and chum salmon in recent years has raised concerns that these species may
be negatively affecting survival and returns of other species of Pacific salmon. Comparisons of average
smolt-to-adult survival between odd- and even-year smolt migrations of Bristol Bay sockeye salmon
stocks have been used to infer a strong effect of Asian pink salmon on the sockeye survival rates.
However, these comparisons did not take into account the annual variation in abundance of Asian pink
salmon. We use time series models and linear regression to examine the impact of Asian pink salmon
abundance on marine survival and adult returns of three important stocks (Kvichak, Egegik, and Ugashik)
of Bristol Bay sockeye salmon.
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Growth of western Alaska chum salmon in relation to climatic factors
and inter- and intra-specific competition
Beverly A. Agler*1 and Greg Ruggerone2
1

Alaska Department of Fish and Game, 10107 Bentwood Place, Juneau, AK 99801, USA
(Email: bev.agler@alaska.gov; Tel: 907-465-3498; Fax: 907-465-2765)

2

Natural Resources Consultants, Inc., 4039 21st Avenue West, Suite 404, Seattle, WA 98199, USA

Questions remain about how ocean climate shifts influence salmon survival and abundance. In addition,
questions exist regarding the ocean’s capacity to support the large number of hatchery salmon released
each year, and recent studies have documented trends toward smaller adult salmon. These questions are
difficult to examine because sampling salmon at sea is difficult and costly, and few long-term time series
of salmon growth at sea exist. We present results of recent studies designed to test hypotheses related to
how climatic factors affect growth of chum salmon in western Alaska and the Bering Sea and whether
interactions with Asian pink and chum salmon have affected the growth of these salmon. We created
indices of growth for age 0.3 and 0.4 Norton Sound (Unalakleet River), Yukon River (Big Eddy),
Kuskokwim River (Quinhagak), and Bristol Bay (Nushagak River) chum salmon by year (mid-1960s to
2006) by measuring annual and seasonal scale growth. We examined the relationship between scale
growth and several environmental indices as well as the effect of Asian pink salmon abundance and Asian
chum salmon abundance on scale growth. Linear modeling indicated a negative correlation with the
North Pacific Index, pink salmon abundance and Asian chum by gender for the third year of scale growth
for most systems. During the first year of scale growth, there was a significant positive correlation
between local sea surface temperature and growth in all areas. Other factors affecting first year growth
included ice cover, mixing, and the North Pacific Index. The North Pacific Index is the area-weighted
sea level pressure over a large region (latitude 30N-65N, longitude 160E-140W) and is used to measure
decadal variations linked to El Niño and La Niña events. Use of a general additive model yielded similar
results, which supported our conclusions. These studies provide examples of how scale measurements
can be used to reconstruct salmon growth trends in the ocean as a means to test otherwise problematic
hypotheses. We will also discuss how growth trends may affect population abundance and examine
possible trends in chum salmon abundance over time.
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Estimates for pink salmon growth potential variations in the North Pacific
and Bering Sea: 1900-2010
Nate Mantua*, Dave Beauchamp, and Kate Myers
School of Aquatic and Fishery Sciences, University of Washington, Box 355020, Seattle,
WA 91895-5020, USA (Email: nmantua@uw.edu; Tel: 206-616-7041; Fax: 206-616-5775)
We used gridded historical SST observations from the period 1900-2010 as inputs to the Wisconsin
Bioenergetics model to evaluate spatially-explicit scenarios for historical variations in pink salmon growth
potential. Under several different assumptions of consumption rates and prey energy density, we
generated gridded maps of growth potential and used these to develop historical growth potential indices
(time series) for the Gulf of Alaska, western and central sub-arctic North Pacific, and western and eastern
Bering Sea. We compared these indices with historical abundance and biomass estimates for pink
salmon to evaluate hypotheses linking historical ocean temperature variations with growth-related marine
survival rate and abundance variations for regional groups of pink salmon around the Pacific Rim.
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Carrying capacity and density-dependent processes of chum salmon,
Oncorhynchus keta, in the ocean under conditions of a warming climate
Masahide Kaeriyama*, Hyunju Seo, Yuxue Qin, and Michio J. Kishi
Faculty of Fisheries Sciences, Hokkaido University, 3-1-1, Minato, Hakodate, Hokkaido 041-8611, Japan
(Email: salmon@fish.hokudai.ac.jp)
Pacific salmon (Oncorhynchus spp.) play an important role as keystone species and by providing
ecosystem services in the Subarctic North Pacific. Planktivorous pink (O. gorbuscha) and chum salmon
(O. keta) abundance have increased from the 1975/76 regime-shift to the present, but their carrying
capacity changed to a downward trend since the early 2000s. Abundance of wild chum salmon in the
1990s decreased to 50% below that of the 1930s, despite significantly increased hatchery populations.
We revealed the effects of long-term climatic/oceanic conditions on growth, survival, and production
dynamics of Hokkaido chum salmon using path analysis and climate prediction based on the SRES-A1B
scenario of the IPCC. Variability in growth of chum salmon at age-1 to -4 was estimated based on the
back-calculation method using scales of 4-year-old adults returning to the Ishikari River of Hokkaido
Island in Japan during 1945-2005. Hokkaido chum salmon had higher growth rates at age-1 since the
late 1980s. Path analysis indicated chum salmon growth at age-1 in the Okhotsk Sea was directly
impacted by warmer sea surface temperatures (SST) associated with global warming. The increased
growth at age-1 resulted in higher survival rates and larger population sizes. In the Bering Sea, the large
population sizes led to decreased growth at age-3 and indirectly to smaller adult fork length because of
density-dependent effects. Thus, these results indicate population size depends on survival rate in the
early ocean life period (age-1) and density-dependent processes depend on the interaction between
population size and carrying capacity for Hokkaido chum salmon in the Bering Sea. Assuming the
SRES-A1B scenario for global warming, future predictions for chum salmon include the following: (1)
global warming will affect a decrease in carrying capacity of chum salmon by reducing the area of their
distribution, (2) strong density-dependent effects will occur within populations, and (3) chum salmon will
move to far northern ocean regions, including the Chukchi Sea. Therefore, using an ecosystem approach,
adaptive management, and the precautionary principle are essential for future sustainable Pacific salmon
conservation. The NPAFC should establish the framework and methodology for monitoring and
modeling of Pacific salmon conservation, as quickly as possible.
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Ecosystem approach for management of artificial release of chum salmon
from Japan based on a bioenergetic model coupled with NEMURO
Michio J. Kishi*1,2, Kenta Awa1, Takeshi Miwa1 , Hiromichi Ueno1,2, and Toru Nagasawa3
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The suitable release number of Hokkaido chum salmon was calculated based on a bioenergetic model
coupled with the lower trophic level model, NEMURO, for the North Pacific. The constraint condition
we used was the carrying capacity of the North Pacific Ocean, which was the prey density for salmon.
The prey density was calculated by a two-way version of NEMURO; i.e., prey density (predatory
zooplankton and copepods) was not calculated by the lower trophic model itself, but by decreasing
grazing by fish. Consequently, prey density must be kept so the concentration was enough to provide for
salmon growth. The cost function was the total income of fishermen. The cost function must be the
maximum under the constraint condition. The income of fishermen was the calculated unit price
multiplied by total catch. The unit price of chum salmon was determined by empirical data as a function
of return ratio and wet weight. We also modeled the competition of chum and pink salmon for prey.
NEMURO coupled with a physical model was used to calculate prey density and to predict wet weight of
salmon. Results showed that if the chum release number was greater, then the return number of chum
salmon was greater, but the individual body weight was less. The most suitable number in our model
indicated the present release number of chum salmon was the most appropriate for the model cost function,
i.e., maximizing the income of fishermen.
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Forecast and production dynamics of the pink salmon of West Kamchatka
Evgeny Shevlyakov*
Kamchatka Research Institute of Fisheries and Oceanography (KamchatNIRO), Naberedznaya Str. 18,
Petropavlovsk-Kamchatsky 683600, Russia (Email: shevlyakov.e.a@kamniro.ru)
Since the late 1990s there has been a northward shift of pink salmon spawning runs on the west coast of
Kamchatka. Fluctuations in abundance of West Kamchatka pink salmon with respect to the latitude of
their spawning areas suggests a possibly natural, regular pattern caused by cyclic dynamics of climate. It
is not clear what factors determined proportional changes in escapement of northern and southern groups:
the fluctuations in the habitat of migration streams, or changes in the reproductive ability of the groups
themselves. It is unlikely that homing intensity of the two groups would be the cause because data
indicate rather strong homing intensity for pink salmon under generally stable or standard conditions.
Examination of the data suggests the ALPI can be used as a predictor of the effects of climate on stock
abundance of northern and southern groups of pink salmon. The general direction of the process is the
higher the index, the more frequent flow of warm masses, timing of the beginning of spring-summer
warming, and intensity and timing of forage base development in the warmed coastal zone. Presence of
the coastal forage base for juvenile pink salmon should improve their survival in the early marine period
of life, resulting in better conditions for survival and reproduction of a particular latitudinal group of pink
salmon. The ALPI is associated with decreasing abundance of the southern group and increasing
abundance of the northern group in years of relatively low intensity environmental conditions. The index
of the pressure drop over the northwestern North Pacific Ocean (Pmax-Pmin) derives from the ALPI and
can indirectly indicate the intensity of biological processes. However, the index does not appear to
capture information that is the principal influence on the total combined abundance of northern and
southern groups of West Kamchatka pink salmon.
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The association of long-term changes in West Kamchatka pink salmon catches
with climate regime shifts in the Northern Hemisphere
Andrei S. Krovnin and Nataliya V. Klovach*
Russian Federal Research Institute of Fisheries and Oceanography (VNIRO), 17 Verkhnyaya
Krasnoselskaya, Moscow 107140, Russia (Email: akrovnin@vniro.ru; Tel: +7-499-264-8401;
Fax: +7-499-264-9187)
Growth of the world catch of Pacific salmon started after the climatic regime shift in 1976/1977.
Recently, the abundance of Asian pink salmon reached record values providing huge Russian salmon
catches both in odd- and even-numbered years. The shift of climatic regime in the winter of 1976/77 and
the accompanying growth of American salmon stocks practically did not affect Asian stocks. The
increase in Asian stock abundance started only after 1988 and peaked in 2005-2009. Many studies
showed the 1988/89 climatic shift was quite different from that which occurred in 1976/77. In particular,
there were no prominent changes in indices of the North Pacific climate (PDO, NPI, etc.). In this study,
we analyzed the association between the catches of West Kamchatka pink salmon and large-scale
ocean-atmosphere patterns in the Northern Hemisphere for two periods: prior to the 1988/89 regime shift
(1951-1988) when generations of odd-year runs predominated in the stock, and after the regime shift
(1989-2010) when even-year runs were dominant. The correlation pattern between West Kamchatka
pink salmon catches and sea surface temperature anomalies (SSTA) in the Northern Hemisphere in
1951-1988 resembled the spatial pattern of the EOF1 for the joint winter North Pacific and North Atlantic
SSTA field, but with the reverse sign. The latter was characterized by predominance of the positive PDO
mode in the North Pacific and prominent three-pole SSTA structure in the North Atlantic related to the
negative phase of the North Atlantic Oscillation. The coherence of SSTA between the North Pacific and
North Atlantic was realized through the Pacific/North American teleconnection pattern, which was a
dominant atmospheric feature in the Northern Hemisphere during that period. Since the winter of
1988/89, the correlation pattern between the catches and the SSTA field became quite different. It
corresponded well to the positive mode of the North Pacific Gyre Oscillation and the positive phase of the
Atlantic Multidecadal Oscillation. During 1989-2010, the coherent SSTA changes in the oceans were
associated with atmosphere-ocean coupling in both arctic and tropical latitudes. The resulting
strengthening of the North Pacific Subtropical Gyre created favorable conditions for winter survival of
West Kamchatka pink salmon and other Asian salmon stocks, which increased in abundance. In our
opinion, these favorable conditions will continue for the next 5 to 7 years.
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Recent harvest trends of pink and chum salmon in Southeast Alaska: can
marine ecosystem indicators be used as predictive tools for management?
Joseph A. Orsi*, Emily A. Fergusson, and Molly V. Sturdevant
Ted Stevens Marine Research Institute, Alaska Fisheries Science Center, NOAA Fisheries, 17109 Point
Lena Loop Road, Juneau, AK 99801, USA (Email: joe.orsi@noaa.gov; Tel: 907-789-6034;
Fax: 907-789-6094)
Harvest trends of pink and chum salmon in Southeast Alaska (SEAK) have varied annually for the past 50
years, and current harvest levels of both species are near historic high levels. Compared to the previous
four decades, harvests during the most recent decade (2000-2010) in SEAK have increased for both pink
salmon (26-40 M) and chum salmon (4-10 M). Collectively, numbers of pink and chum salmon account
for about 90% of the commercial catch in SEAK and about one quarter of the Alaska state-wide harvest.
Moreover, stock origins also differ between the species in SEAK: pink salmon are predominately wild
stocks (98%), whereas chum salmon are primarily hatchery stocks (74%). Recent high harvests of chum
salmon are partially explained by increased hatchery production, but reasons for increasing wild pink
salmon production remain unclear. Consequently, understanding dynamics and interactions of these two
species during critical ocean periods may give insight to ecosystem metrics or mechanisms responsible for
recent variations in commercial catch. Over the past 14 years, researchers from the Southeast Coastal
Monitoring (SECM) project have conducted monthly surveys along Icy Strait, a primary seaward migration
corridor used by juvenile pink and chum salmon in the northern region of SEAK. From 1997 to present,
marine ecosystem metrics have been monitored from May to August, including temperature, zooplankton,
juvenile salmon catch, energetic condition, and size at time. Objectives of this paper are to determine: (1) if
ecosystem metrics associated with juvenile pink and chum salmon can be related to recent trends in salmon
production in SEAK, and (2) if ecosystem metrics can be used as a predictive tool for salmon management.
The potential impacts of future climate effects on Pacific salmon production are uncertain, but having a
long time series of data associated with salmon and their ecosystem metrics will permit changes to be
detected, and may also enhance salmon managers’ ability to predict year-class strength and sustain a
healthy salmon resource.
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Species contractions and the impacts of climate and habitat change on chum
salmon at the southern edge of their range - Why did the salmon cross the road?
Orlay W. Johnson*1,, Anna Elz1, Jeffrey J. Hard1, and David Stewart2
1

NOAA, National Marine Fisheries Service, Northwest Fisheries Science Center, 2725 Montlake Blvd. East,
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Spawning populations of chum salmon historically extended as far south as the San Lorenzo River
in California and 322 km upstream in the Sacramento River. In 1905-06 chum salmon juveniles were the
most abundant salmon species in streams surveyed between the Sacramento and Columbia rivers. Today,
these populations have greatly declined, and in the Columbia River chum salmon are listed under the ESA
as a threatened species. Little life history, genetic, or other biological information has been developed on
these fish. This information is important as southern populations may represent remnants of historical
populations with characteristics essential to the successful restoration of depleted present day populations.
New information developed in 2010-11 in conjunction with ODFW, WDFW, and USFWS, includes
population, genetic, and life history data, such as presence or absence of spawning populations, age
structure, and timing of migrations. Preliminary microsatellite genetic data indicate population structure
among coastal populations and differences from interior and Puget Sound runs. Coastal populations may
also contain unique genotypes and adaptations which may be important as increasingly rapid changes in
climate, pollution impacts, and development expose salmonids to pressures beyond their ability to adapt,
forcing further declines and even extinction.
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Workshop Wrap-Up
James Balsiger*
National Marine Fisheries Service, Alaska Regional Office, 709 W. 9th St., PO Box 21668, Juneau AK
99802, USA (Email: jim.balsiger@noaa.gov; Tel: 907-586-7221)
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An assessment of the state of chum salmon stocks from the east and west
coasts of Kamchatka
Lidia O. Zavarina*
Kamchatka Research Institute of Fisheries and Oceanography (KamchatNIRO), Naberedznaya Str. 18,
Petropavlovsk-Kamchatsky 683600, Russia (Email: zavarina.l.o@kamniro.ru)
The contribution of Kamchatka chum salmon to the total catch of this species in Russia from 1934
to 2010 ranged from 8% (1995) to 55% (1986, 1990), and averaged 27%. In the recent decade, the catch
comprises 38% of the total catch of chum salmon in Russia. Kamchatka chum salmon stocks
characteristically demonstrate extensive fluctuations. The catch of chum salmon in Kamchatka for the
period 1934-2010 varied from 0.84 (1972) to 35.91 thousand tons (1946), and averaged 11.16 thousand
tons. For 2001-2010 the catch of chum salmon along both coasts of Kamchatka increased three times
compared to the decade before. Recently there has been an increasing trend. The maximal catch on the
west coast of Kamchatka (13.61 thousand tons) was in 2010 and on the east coast (14.81 thousand tons)
was in 2005.
An important component of chum salmon commercial stock assessment is the escapement of fish to
the spawning grounds. From 1957 to present, the spawning escapement of Kamchatka chum salmon was
higher on the east coast. In general the average escapement was about 1.65 million fishes, ranging from
0.39 (1973) to 6.64 million fishes (1959). Minimal average abundance of chum salmon on the spawning
grounds of west (0.25 million fishes) and east (0.49 million fishes) coasts of Kamchatka was observed for
1971–1980. In the next decade, 1981–1990, escapement of chum salmon increased three times. The
1991–2000 decade demonstrated a decrease of chum salmon escapement to West Kamchatka and a two
times decrease of escapement to East Kamchatka. For the last decade 2001–2010, the escapement was
higher on the west coast, perhaps due to underestimation of the escapement of chum salmon spawning in
rivers of the east coast. From 2001, we observed an intended increase in escapement, and since 2008
chum salmon escapement has decreased.
The maximal and minimal values of brood year abundance can be a 9 to 176-fold difference,
depending on the commercial district. We observed an increase in the abundance of brood years
2001–2005 as compared to brood years 1991–2000. Thus, the stock abundance and catches of
Kamchatka chum salmon were increasing with an increase in escapement and an increase in the
subsequent generations. The increase in abundance might arise from better conditions during the
freshwater period of life or feeding at sea.
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Some chum salmon stocks are known to exhibit a two-year cyclic variation in their biological parameters
such as age at maturity, size, marine survival, and abundance. Previous studies suggest this variation
appears to be associated with pink salmon, which have a prominent two-year cyclic pattern of abundance.
In Hokkaido, brood-year abundance of adult chum salmon returning to the Pacific coast (based on coastal
and river catches) shows odd- and even-year fluctuations after the 1998 brood year. A similar fluctuation
is also observed in chum salmon caught around the southern region of the Sea of Okhotsk, near Nemuro
Strait (Nemuro region: NE). To clarify the characteristics of this cyclic fluctuation, we examined river
catches of brood years 1998-2004 for 48 river stocks extending from the Okhotsk coast to the Pacific coast
of Hokkaido: 13 river stocks from the Okhotsk (OH) region, 10 river stocks from the NE region, 5 river
stocks from the East Hokkaido Pacific (EP) region, and 20 river stocks from the West Hokkaido Pacific
(WP) region. Correlation analyses revealed no river stocks from the NE region were associated with NE
chum salmon brood-year abundance (based on coastal and river catches) even though the latter showed a
two-year cyclic pattern. Neither EP nor WP chum salmon brood-year abundance was correlated with
any of these river stocks. A similar result was true of the river stocks from the OH region. These
findings indicate that the river stocks from the OH and NE regions did not contribute to generating the
observed cyclic pattern. On the other hand, four river stocks from the EP region and eight river stocks
from the WP region were positively correlated with at least one of the NE, EP, and WP chum salmon
brood-year abundances. This suggests brood-year abundance of some river stocks from the EP and WP
regions played a significant role in causing the recent cyclic fluctuation. Because no big spawning stocks
of pink salmon exist in rivers on the Pacific coast of Hokkaido (i.e., EP and WP regions), no interaction
between chum and pink salmon takes place during the freshwater and early ocean phases. Therefore, we
speculate the marine survival of chum salmon originating from rivers on the Pacific coast of Hokkaido
may be affected by the presence of pink salmon during their ocean residency. Our future research will
continue to examine this possibility.
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Natural reproduction of pink salmon in the Okhotsk coast area
of Hokkaido, Japan
Masaya Iida*
Japan Sea National Fisheries Research Institute, Fisheries Research Agency, 1-5939 Suido-cho, Chuo-ku,
Niigata 951-8121, Japan (Email: miida@affrc.go.jp; Tel: 81- 25-228-0529; Fax: 81-25-224-0955)
The number of pink salmon returning to Hokkaido, Japan, increased dramatically during the last quarter of
the 20th century. Despite the constant number of hatchery fry released, the pink salmon catch shows a
biennial oscillation. Because pink salmon have a fixed 2-year life cycle, this oscillation indicates a
substantial contribution of wild fish. However, there have been few efforts to quantify the natural
reproduction of Japanese pink salmon. In this study, we investigated the conditions of naturally
spawning pink salmon in the Tokoro River system in northeastern Hokkaido. Although many returning
pink salmon were captured in the hatchery weir at the mouth of the river, pink salmon could swim over
the weir during high flows. Field investigations were conducted in three tributary streams:
Tokoro-horonai, Kuma, and Nikoro. Study reaches were 821 m (3,454 m2), 317 m (998 m2), and 1,152
m (12,909 m2) for each stream, respectively. The number of naturally spawning pink salmon increased
in early September, reached a maximum in mid-September, and subsequently decreased in late September.
The number of spawning pink salmon in the streams in mid-September was 1376 in Tokoro-horonai, 20 in
Kuma, and 360 in Nikoro. The number of redds also increased during September. The total number of
redds was 1007 in Tokoro-horonai, 165 in Kuma, and 773 in Nikoro. The estimated total number of eggs
spawned in the study streams was 2,919 thousand (168 eggs m-2). To collect newly emerged fry, 0.39 m3
(1.0 m × 1.3 m, depth 0.3 m) of gravel from the Tokoro-horonai was dug up from around an individual
redd on 28 February, 2011. A total of 491 pink salmon fry, 383 chum salmon fry, 6 unknown fry, and
about 500 dead eggs was collected from the gravel. We concluded the number of naturally spawning
pink salmon was substantial, despite the operation of a hatchery weir at the river mouth.
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Annual commercial harvests of pink and chum salmon in Southeast Alaska increased dramatically in the
1980s and reached their highest levels in the 1990s: pink salmon harvests averaged 49 million, and chum
salmon harvests averaged 11 million, including peak harvests of 16.0 million chums in 1996 and 78
million pinks in 1999. Nearly all of the pink salmon harvested in Southeast Alaska are of wild origin:
hatchery-produced pink salmon contributed an average of only 3% of the annual harvest since the late
1970s. In contrast, however, the harvest of chum salmon has been composed primarily of hatchery fish
(average 73% over the last 10 years). Estimated harvests of wild chum salmon did not rebound to the
same degree as pink salmon and have recently declined to levels similar to those of the 1970s. Pink
salmon harvests have also declined over the most recent 10 years, from an average of 49 million per year
in the 1990s, to an average of 40 million fish per year since 2001, but remain at historically high levels.
The decline in overall pink salmon harvest during the past decade was due primarily to very poor
even-year runs in 2006 and 2008, and a below average run in 2010. The Alaska Department of Fish and
Game maintains escapement indices for aggregates of pink and chum salmon runs in three broad
sub-regions in Southeast Alaska: Southern Southeast sub-region, Northern Southeast Inside sub-region,
and Northern Southeast Outside sub-region. Escapement indices are based on peak aerial survey
estimates and do not provide estimates of total escapement, but rather an index of abundance useful for
assessing trends. Escapement indices for chum salmon increased in the late 1980s and 1990s and
remained stable through the mid-2000s, but have recently dropped to low levels similar to those of the
1970s. Pink salmon escapements in all three sub-regions increased dramatically from low levels in the
1960s and 1970s and have generally remained at high levels since the mid-to-late 1980s; the notable
exception was a very poor escapement to the Northern Southeast Inside subregion in 2008.
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Salmon culture based on preservation of biological and ecological conditions
of aquatic communities
Boris P. Safronenkov and Vladimir V.Volobuev*
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Salmon culture in the Magadan Region has been conducted at four salmon hatcheries located along large
rivers for more than 27 years. Since 1984 the total annual release of juvenile salmon has reached 807
million fish (chum – 575 million, pink – 191 million, coho – 34 million, and sockeye salmon – 7 million).
Fish farming in the Magadan Region diverges from conventional methods of salmon culture at fish
hatcheries because this does not increase the production capacity of a large number of minor coastal rivers
of the northern Sea of Okhotsk, which produce 40% of salmon resources. Scientists at MagadanNIRO
produce artificial populations of fall-run chum salmon in minor coastal rivers, which typically host pink
salmon populations. These methods do not involve construction of new hatcheries. Chum eggs and fry
are incubated at the nearest salmon hatchery and the juveniles are transported and released at sites along
these rivers. Raising new populations of chum salmon in river environments typical of pink salmon is
based on the principle of keeping the freshwater ecosystem intact. In this area pink salmon spawn from
mid-July to mid-August and fall-run chum spawn in September. Wild pink salmon inhabiting rivers with
introduced fall-run chum salmon do not interact. This eliminates the following inter-specific ecological
risks: (1) competition for spawning grounds; (2) hybridization; (3) destruction of existing redds; (4)
spread of infection; and (5) competition for food in the river and coastal area. These populations of
chum exist only by annual artificial propagation because these small rivers do not have suitable spawning
habitat for chum salmon. Procedures do not allow for naturalization of introduced chum salmon because
all the fish are caught and natural spawning is prevented. If artificial propagation were discontinued then
within several years the artificial chum salmon populations would vanish. In 1996 an artificial
population of chum salmon was developed in the Kulkuty River (Odyan Bay, Taui Gulf). Historically,
this river never produced chum salmon. After placing juveniles in the river, the spawning returns of
chum salmon to the river amounted to 53,000 fish. Artificial reproduction of chum salmon provided
more than 35 million fertilized eggs and the estimated maximum rate of return was the highest for the
Magadan region – up to 1.87%. Wild pink salmon returns to the Kulkuty River have remained at a
steady high level and odd-year spawning runs can amount to 200 thousand pink salmon.
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There has been very little effort to understand genetic divergence between wild and hatchery collections of
masu salmon (Oncorhynchus masou). In the present study, mitochondrial (mt) NADH dehydrogenase
subunit 5 gene (ND5) and six polymorphic nuclear microsatellite DNA loci were used to compare the
genetic variability in three hatchery broodstocks of masu with the variability in eight putative wild masu
salmon populations. These populations were sampled from five rivers including one known source river
for the hatchery broodstocks. Both ND5 and microsatellites showed no significant genetic divergence
based on FST estimates between four annual collections from the source river population, suggesting no
change in genetic diversity over this time period. The FST estimates, an analysis of molecular variance
(AMOVA), and a neighbor joining tree using both DNA markers suggested significant differentiation
between the three hatchery and all eight putative wild populations. We conclude that genetic diversity of
hatchery populations is low relative to putative wild populations of masu salmon, and discuss the
implications for conservation and fisheries management of salmon in Hokkaido, Japan.
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Distribution and abundance of juvenile chum salmon (Oncorhynchus keta)
in Nemuro Bay, eastern Hokkaido, Japan
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We examined the distribution and abundance of juvenile chum salmon (Oncorhynchus keta) and their
environments in Nemuro Bay, eastern Hokkaido, Japan, between 2007 and 2010 to determine a better
release timing for hatchery-reared fish. For four years, we released juvenile chum salmon marked with
fluorescent alizarine complexone and recaptured them in coastal waters between late April and mid-July.
Juvenile chum salmon were caught more frequently when the sea surface temperature (SST) ranged
between 8°C and 13°C, as previously reported. Juvenile chum salmon were relatively more abundant in
the littoral zone in 2008 and 2010 when the SSTs gradually increased to above 8°C in nearshore areas.
Chum salmon were less abundant in the littoral zone in 2007 and 2009 when the SST rapidly increased to
8°C in nearshore areas. Therefore, migration of juvenile chum salmon out of the littoral zone may be
restricted by low SSTs in nearshore areas. The number of marked fish recaptured in the littoral zone
increased when their release timing was delayed, whereas the number of marked fish recaptured in
nearshore areas increased when SSTs in nearshore areas rapidly increased to above 8°C. These results
suggest that high mortality might occur in the river and/or the littoral zone before juvenile chum salmon
migrate to nearshore areas. In conclusion, the SSTs in nearshore areas strongly influence the distribution
and abundance of juvenile chum salmon in Nemuro Bay, and delayed migration from the river and the
littoral zone to nearshore areas might result in high mortality. Therefore, the release timing of chum
salmon in Nemuro Bay should be shifted from late March-late May to late April-mid-May to obtain higher
survival.
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The mitochondrial DNA (mtDNA) fragment Cytb/D-loop variation
in pink salmon populations
Nina Yu Shpigalskaya*, V.A. Brykov, A.D. Kikhlevsky, and A.A. Chetvertak
Kamchatka Research Institute of Fisheries and Oceanography (KamchatNIRO), Naberedznaya Str. 18,
Petropavlovsk-Kamchatsky 683600, Russia (Email: shpigalskaya.n.u@kamniro.ru)
Pink salmon is the most abundant Pacific salmon species and of high commercial importance in the
Russian Far East. Major contributions to the total stock originate from local populations in Kamchatka,
Sakhalin, Kuril Islands, and the Amur River basin. The purpose of this research is to find pink salmon
mtDNA polymorphism and to estimate the level and regional origin of mixed marine aggregations.
Interpopulation and interregional variation was analyzed on the basis of polymorphism of the mtDNA
fragment Cytb/D-loop. The restrictases used were Dde I, Hin6 I, Hinf I, Msp I, Rsa I, and Sfr13 I. To
find the population level genetic characteristics for odd-year generations, samples from six rivers on
Sakhalin, four rivers on Kamchatka, and one river on the north shore of the Okhotsk Sea were analyzed.
Even-year generations were studied from nine populations on Kamchatka, and eight populations from
Sakhalin and the Amur River. In general, haplotype variation from more than 1.5 thousand fishes was
obtained. We found significant differences in segregation of the mtDNA fragment Cytb/D-loop between
fishes of even- and odd-year generations. We found 29 combined haplotypes for even-year and 32 for
odd-year generations. Only 10 haplotypes were common in both pink salmon lines. Three haplotypes
were similar in all samples examined. The data we obtained indicated pink salmon areal heterogeneity in
both even- and odd-year generations. The highest heterogeneity was shown in samples collected from
Sakhalin and the smallest heterogeneity was shown in samples from Kamchatka.
Results demonstrated genetic differentiation of the interregional component was higher than the
interpopulation component within regional groups of pink salmon. Multivariate analysis indicated two
separate clusters of even- and odd-year generations, each having clear regional separation. Therefore,
the majority of pink salmon samples can be clustered in accordance to regional origin. We conclude that
detecting genetic differentiation within a region requires further research and analyses of large sample
sizes from the most important spawning areas. Use of the mtDNA fragment Cytb/D-loop polymorphism
is an informative marker for regional separation of pink salmon stock mixtures.
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Identification of mixed stock aggregations of pink salmon on the basis
of mitochondrial DNA polymorphism
Nina Yu Shpigalskaya*, V.A. Brykov, A.D. Kukhlevsky, and E.A. Shevlyakov
Kamchatka Research Institute of Fisheries and Oceanography (KamchatNIRO), Naberedznaya Str. 18,
Petropavlovsk-Kamchatsky 683600, Russia (Email: shpigalskaya.n.u@kamniro.ru)
The need for realistic forecasts of pink salmon returns is the major impetus for our estimates of the
proportion of major populations present in mixed-stock marine aggregations. Interpopulation and
interregional variation was determined by analysis of mitochondrial DNA Cytb/D-loop fragment
polymorphism. The restriction endonucleases used were Dde I, Hin6 I, Hinf I, Msp I, Rsa I, and Sfr13 I.
Samples were collected from mixed-stock aggregations of juvenile pink salmon collected in fall 2009
during the cruise of the RV Professor Kaganovsky. The baseline was the frequency of haplotypes in
samples of even-year pink salmon collected from nine rivers in Kamchatka, and eight rivers in Sakhalin
and the Amur River. The probability of correct population identification of Kamchatka pink salmon was
not high, in the range 46.1–78.8%. For Sakhalin populations, the identification accuracy was lower,
from 41.1% to 84.1%. Amur River pink salmon could be identified with a 64.2% accuracy. Estimation
of the composition of simulated mixtures at the regional level increased accuracy to 98.6% for Kamchatka
and to 85.3% for Sakhalin pink salmon. Identification accuracy of separate population groups of the
west and east coasts of Kamchatka were lower than for the total sample. Identification of unknown
mixed samples resulted in the following estimated pink salmon stock contributions: West Kamchatka –
52.4%, East Kamchatka – 7.2%, Sakhalin – 27.1%, Amur River – 11.9%, and unidentified – 1.4%. In
the area sampled in autumn 2009, we suggest the mixing proportions observed for juvenile fishes can
remain in adult returns, assuming there is equal mortality in the contributing stocks. We compared the
stock assessments of the returning adults in 2010 with the mixing proportions we estimated for the
juveniles in 2009. We conclude there was good agreement between mixing proportions estimated by
genetic analysis of juveniles and the assessments of returning adult pink salmon.
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Comparison of even- and odd-year broodlines of pink salmon using genotyping
by sequencing
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School of Aquatic and Fishery Sciences, University of Washington, 1122 NE Boat Street Box 355020,
Seattle, Washington 98195, USA (E-mail: lseeb@uw.edu; Tel: 206-685-3723)
Pink salmon represent a critically important component of the North Pacific and Bering Sea ecosystem.
They are the most numerous salmon species in the North Pacific Ocean and Bering Sea and are unique
among Pacific salmon with an obligate two-year life history resulting in two genetically distinct lineages
(even- or odd-year) that largely overlap in range. In North America, odd-year broods predominate in the
south, with even-year pink salmon predominating in the more northerly latitudes. In many streams,
even- and odd-year lineages occupy the same habitat, but experience no gene flow providing a
naturally-occurring replicate experiment to test for genomic signals of adaptation.
Here we present
next-generation sequence results using restriction site associated DNA (RAD tags) to compare three
paired populations of even- and odd-year pink salmon. Our population pairs originate from
widely-separated locations North America and include Norton Sound in Northwest Alaska, Prince
William Sound in Southcentral Alaska, and Puget Sound in Washington State. We compare sequence
divergence and identify outlier loci between population pairs as well as within and between the lineages
and test for signals of neutral and adaptive markers across the genomes.

44

NPAFC Workshop 2011

Topic 3:

Poster Presentations. Abstracts. Topic 3.

Migration and distribution patterns during the marine life history (Poster-11)

Differentiation of local pink salmon stocks on the basis of variations
in scale structure
V.A. Savin, R.A. Shaporev, E.V. Savenkova, and N.V. Varnavskaya
(presented by Alexander Bugaev*)
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Material for this research consisted of mature pink salmon scale samples collected in 2004–2009
from 34 local stocks from Hokkaido, Sakhalin, the Amur River basin, continental shore of the Okhotsk Sea,
and the west and east coasts of Kamchatka. One problem remains: not enough baseline material to
characterize all principle pink salmon spawning regions. In particular, the problem is an obstacle for
assessment of the heterogeneity in scale structure between pink salmon populations spawning in
odd-numbered years in the Amur River, and local stocks spawning in even-numbered years in the rivers of
Sakhalin and the continental shore of the Okhotsk Sea.
All scales were scanned through a visual-analytic complex Leica DMLS at 10-fold magnification,
and digital images were processed with a computer program. This approach allowed us to measure
average distances between the first 20 circuli within the first-year growth zone, including the central plate,
and to estimate some other parameters of sclerite increment spacing. Analysis indicated that pink salmon
local stocks of even- and odd-year returns can be subdivided into two large groups: (1) southern group
(Japan, Sakhalin) and (2) northern group (Kamchatka, continental shore of the Okhotsk Sea). Within the
large groups we can observe smaller regional complexes of pink salmon that exhibit less differentiation.
The baseline database we created allows for identification of local stocks within their region of
origin with quite a high resolution. For odd-year pink salmon spawned in the rivers of Hokkaido, the
average accuracy varied from 75 to 95%, and for Sakhalin Island populations the accuracy varied from 63
to 91%. Accuracies for the local stocks of West Kamchatka and the continental shore of the Okhotsk Sea
were somewhat lower (53–86% and 61–79%). Samples from East Kamchatka rivers were identified with
lower accuracy (16–72%), due to the similarity of scale characters in populations from West Kamchatka
and the continental shore of the Okhotsk Sea. The level of accuracy in identification of even-year pink
salmon included the following: Hokkaido Isl. — 78-96%, West Kamchatka — 66-93%, East Kamchatka
— 52-91%, and Amur River basin — 83%.
We conclude that analysis of variation in scale structures is quite promising for estimating local pink
salmon stocks in marine catches. Nevertheless, reliable and objective assessment requires detailed
analysis of samples from all principle regions of pink salmon spawning populations.
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No doubt the issue of juvenile chum salmon differentiation in mixed-stock catches is a major
priority for improving the forecast of spawning runs. The experience of a number of researchers in this
field indicates that studying differences in otolith morphology is a promising method to address this issue.
Our purpose was to estimate the variation in otolith microstructure from juvenile chum salmon collected
from different local stocks. The practical benefit is as a method to identify the stock origins of chum
salmon caught during assessment surveys within the EEZ of the Russian Federation.
Otoliths were collected from juvenile chum salmon from eight rivers in Kamchatka and five rivers
along the north shore of the Okhotsk Sea in May to July, 2008-2009. We used an approach based on the
Morlet wavelet-analysis of signals, which is a type of classic spectral analysis, to estimate the
characteristics and degree of otolith microstructure variation in the samples. The value of scale views of
wavelet transforms (Morlet wavelet) were used as the differentiating criteria. The scale views in the
diapason of scaling coefficients varied from 1 to 7 (step 0.3). Mean accuracy of the method was
estimated using maximum likelihood estimates (MLE).
Studying intra-population variations in juvenile chum salmon otolith microstructure collected from
populations of the Bolshaya and Palana rivers (Kamchatka) demonstrated no reliable difference between
temporally distinct samples within the populations (р>0.05). This result supports using otolith
microstructure as a marker-differentiator for all stages of salmon life history. Analysis of
inter-population variations in otolith microstructure revealed Magadan and Kamchatka stock complexes of
chum salmon were different and the difference was highly authentic. Hence, we suggest there is regional
variation in chum salmon otolith microstructure and conclude the resolution is sufficient to demonstrate
the potential for regional differentiation of chum salmon in stock mixtures.
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Food supply of Pacific salmon during the marine period of life
in the North Pacific, 1980-2011
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The long-term data series (1980–2011) was analyzed from integrated Russian surveys carried out in the
pelagic zone of Far Eastern seas and the northwestern Pacific Ocean. Information from these surveys
includes Pacific salmon and nekton feeding, total quantitative estimates of nekton and plankton biomass,
food supply for salmon (macroplankton and small nekton), and consumption values of forage resources by
salmon and other nekton species. Based on the long-term data set, stable dependence of Pacific salmon
abundance and marine survival on zooplankton abundance was not noted. The feeding intensity of
Pacific salmon is high despite substantial year-to-year variability of salmon abundance and zooplankton
biomass. Selective and stable feeding on some prey items (hyperiids, pteropods, and some species of
euphausiids and copepods) by the most abundant planktivorous salmon species (pink, chum, and sockeye)
was observed in different seasons and years, and in different areas of the Far Eastern seas and the
northwestern Pacific Ocean. This condition indicates a high abundance level of the forage base. As a
whole, during the period 1980–2011, limitation of salmon abundance by their food supply was not
observed.
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Nanaimo, BC V9T 6N7, Canada *Corresponding author: James Irvine
(Email: james.irvine@dfo-mpo.gc.ca; Tel: 250-756-7065, Fax: 250-756-7138)
Recent evidence has revealed that hatchery-origin salmon compete with wild salmon for a common pool
of prey resources in the North Pacific Ocean. Density-dependent effects on growth of chum salmon are
of special concern because of large increases in hatchery production of this species (and pink salmon) in
Asia, and evidence for both intra- and inter-specific competition for limited prey. Age-specific body
size-at-return of chum salmon has declined over the last 3-4 decades in Japan, Korea, Alaska, Washington,
and BC, and these declines can be explained by competition with abundant hatchery-produced chum
salmon from Asia, although spatial overlap of distribution remains uncertain. This has led to
international interest on potential effects of hatchery production on wild stocks in North America and Asia.
In this pilot project, we investigated the relative contribution of density-dependent growth arising from a
limited carrying capacity and climatically varying oceanographic drivers on the marine growth of one
population of chum salmon from BC (Big Qualicum, Vancouver Island, 1960-2010). Salmon marine
growth was determined by analysing scales from fish captured on the spawning grounds and fish body
size at return. Future work will include comparisons of marine growth among chum, pink, and sockeye
salmon from neighbouring and spatially diverse populations across British Columbia.
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Estimation of the influence of some climatic factors on the abundance
of Asian pink and chum salmon
Alexander V. Bugaev* and O.B. Tepnin
Kamchatka Research Institute of Fisheries and Oceanography (KamchatNIRO), Naberedznaya Str. 18,
Petropavlovsk-Kamchatsky 683600, Russia (Email: bugaev.a.v@kamniro.ru)
The influence of some climatic factors on the abundance of Asian pink and chum salmon was
investigated. Pacific salmon catches compiled by the NPAFC for the years 1925-2010 were analyzed.
Standard indices (AFI, ALPI, NP, PCI, GLB.Ts+dSST, N.HEMI, PDO, LOD, Sun Spot) describing
weather, hydrological conditions in the North Pacific, or indirect effects on this region were used as
predictors of climate. Analysis of the salmon catch time series demonstrated adequate results when
using a 2-point moving average. A similar approach was used for analysis of the climatic indices.
The highest correlations between catches of Asian pink and chum salmon and climate variables
were noted for climate indices summarizing global mean monthly, annual, and seasonal land-ocean
temperature, or surface water temperature (GLB.Ts+dSST and N.HEMI). The correlation of these
climate indices was stable for both pink and chum salmon. The correlation coefficient between these
climate variables and salmon catch was higher for chum than for pink salmon (R = 0.82-0.89 and R =
0.54-0.64, respectively). The summary index for the two species was also high (R = 0.74-0.78). For
the other climate variables, the highest correlation with salmon catches was about R = ±0.3. There was
no direct correlation observed in the majority of cases between Asian pink and chum salmon catches and
climate indices. Taking into account the long 80-year time series, we conclude the results are authentic
statistically. We conducted an additional analysis using multiple linear regression to show the complex
character of indirect effects of particular climatic variables (AFI, ALPI, GLB.Ts+dSST, N.HEMI, PDO)
on the catch dynamics of Asian pink and chum salmon. The additional analysis yielded similar results.
The highest correlation between salmon catches and climate indices was obtained for chum salmon (R =
0.88 versus R = 0.61 for pink salmon). The correlation for the species combined was R = 0.77.
The data we obtained can be used to further develop investigations of the effects of climate
variables on abundance of Pacific salmon. In the future, more accurate analysis will be required to
determine climate effects on Bering Sea and North Pacific ecosystems.
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Cyclic climate changes and production of Pacific salmon:
The possibility of forecasting
Leonid Klyashtorin and Natalia Klovach*
Federal Institute of Fisheries and Oceanography (VNIRO), 17 Verkhnaya Krasnoselskaya, Moscow
107140, Russia (Emails: klyashtorin@mtu-net.ru; klovachn@vniro.ru )
Long-term fluctuations of Pacific salmon production reflect the dynamics of climatic and ecological
conditions over the North Pacific. The PDO and ALPI, the main climatic indices in the North Pacific,
show synchronous 60-65 year fluctuations with clear maximums in the 1940s and early 2000s. The PDO
is based on average annual North Pacific sea surface temperatures, which is a main ecological factor
affecting biological productivity in the region. The 150-year sea surface temperature time series in the
Gulf of Alaska shows the same dynamics as the PDO and ALPI, i.e. 60-65 year regular fluctuations. The
total Pacific salmon catch in the 20th and early 21st century fluctuated in line with the PDO and ALPI
dynamics: a clear maximum in the 1920-1940s followed by a depression in the 1950-1970s and a new
maximum in the 1990-2000s. Three commercial salmon species, chum, sockeye and pink salmon, are
known to provide some 95% of the total Pacific salmon production. Chum and sockeye production
passed their maximum at the end of 20th century, whereas pink salmon production (both Asian and
American) still continues to increase slowly. The total Pacific salmon catch dynamics passed its
maximum in the early 2000s, again in agreement with the dynamics of both the PDO and ALPI indices.
We have reasons to expect the next descending trend in the PDO will likely start in the 2010-2020s and it
will be accompanied by a corresponding decline in Pacific salmon. A simple stochastic model based on
the 60-65 year cyclic climate oscillation can be used to foresee the main trends in Pacific salmon
populations on a decadal scale. The model indicates a general decrease in Pacific salmon production is
likely to take place in the 2010-2020s.
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Evaluation of the habitat for downstream migration of chum salmon
in the Wusuli River using a suitability index
Liu Wei*1, Liang Xiong-Wei1,2, Zhan Pei-Rong1, and Wang Ji-Long1
1

Heilongjiang River Fishery Research Institute, Chinese Academy of Fishery Sciences, Harbin
150070, China (Email: liuwei_1020@yahoo.com.cn)

2

Wildlife Resource College, Northeast Forestry University, Harbin 150040, China

In this paper, we used a suitability index to evaluate the habitat of the Wusuli River, in April to May 2010,
for downstream migration of chum salmon fry. We sampled at the river sections of Hutou, Raohe and
Haiqing. Water, sediment, phytoplankton, and zooplankton samples were collected. Using these
variables in the models, including observed values of dissolved oxygen, temperature, and water velocity,
we obtained a habitat suitability index (HSI) and an Instream Flow Incremental Methodology (IFIM)
model to validate and input into the HSI model. We measured water quality indicators and used a water
pollution index to evaluate water quality, and the Shannon-Wiener index to assess phytoplankton and
zooplankton. We evaluated habitat suitability on the basis of the quality of the migration channel habitat
and other relevant assessments. Results suggest the water at the sampling points in the Wusuli River
have very light pollution and the aquatic environment is suitable for downstream migration of chum
salmon because water quality meets migration requirements. We speculate on a preliminary basis that all
sections of the Wusuli River are suitable habitat for the downstream migration of chum salmon fry.
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Transfer of marine-derived nutrients by pink salmon (Oncorhynchus
gorbuscha) to terrestrial ecosystems at the Shiretoko World Natural
Heritage Site, Japan
Yousuke Koshino*1, Masao Minagawa2, Hideaki Kudou3, Yuxue Qin1,
and Masahide Kaeriyama3
1

Graduate School of Fisheries Sciences, Hokkaido University, 3-1-1, Minatocho, Hakodate, Hokkaido
041-8611, Japan (Email: y-koshino516@mopera.net)

2

Faculty of Environmental Earth Science, Hokkaido University, N10W5, Sapporo, Hokkaido 060-0810,
Japan

3

Faculty and Graduate School of Fisheries Sciences, Hokkaido University, 3-1-1, Minatocho, Hakodate,
Hokkaido 041-8611, Japan
Pacific salmon (Oncorhynchus spp.) transport marine-derived nutrients (MDN) and material to terrestrial
ecosystems and enhance biodiversity and productivity in the North Pacific Rim. At the Shiretoko World
Natural Heritage Site, a number of wild chum (Oncorhynchus keta) and pink salmon (O. gorbuscha)
return to spawn. To clarify the transfer of MDN by naturally spawning salmon to ecological
communities, we analyzed carbon and nitrogen stable isotopes of organisms in freshwater and riparian
ecosystems at a salmon spawning site in the Rusha River. During the salmon spawning season, carbon
and nitrogen stable isotopes of biofilm, aquatic invertebrates, and fishes in the Rusha River increased
1-6 ‰ and 1-8 ‰, respectively. Thus, the MDN enrichment was 21-30 %. Stable isotope analysis of
the growth section showed that brown bears (Ursus arctos) have four life-history patterns. Most bears
fed on pink salmon for overwintering energy. Riparian vegetation was enriched 24 % with MDN.
Nitrogen isotope analysis of riparian willow (Salix spp.) was negatively correlated with the distance from
streams. Salmon carcasses were transported from the stream to the riparian area by vectors (e.g., brown
bears) and flooding. Pink salmon enhanced the productivity of terrestrial ecosystems in this area.
However, the MDN enrichment was equal to, or lower than, terrestrial ecosystems in North America.
Despite the relatively undeveloped state of the landscape at the Shiretoko World Natural Heritage Site, the
MDN enhancement from spawning salmon is unsatisfactory because of many artificial constructions, such
as dams. It is essential to rehabilitate the natural ecosystems and increase wild Pacific salmon production
at the Shiretoko World Natural Heritage Site during the current period of warming climate.
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About NPAFC
Who?

Where?

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.

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

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

Bulletins – peer-reviewed proceedings of NPAFC scientific symposia
Technical Reports – extended abstracts from NPAFC workshops
Statistical Yearbooks (1993- present)
Annual Reports (1993 – present)
Newsletters

The current science plan theme is

Forecast of Pacific salmon production
in the ocean ecosystems under changing
climate including:
o Migration and survival mechanisms
of juvenile salmon in ocean ecosystems
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

