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Foundation & Goals oF the nPaFC

The North Pacific Anadromous Fish Commission (NPAFC) 
was established under the Convention for the Conservation 
of Anadromous Stocks in the North Pacific Ocean, signed 
at Moscow on February 11, 1992 by Canada, Japan, the 
Russian Federation and the United States of America (original 
Parties).  Then, the Convention was ratified by Japan on May 
26, by Russian Federation on November 4, by Canada on 
November 6, and by the United States on November 9, 1992.  
The Convention entered into force on February 16, 1993.  On 
May 27, 2003, the Republic of Korea deposited its instrument of 
accession to the Convention and became the fifth member of the 
NPAFC.

With development of the Convention for the Conservation of Anadromous Stocks in the North Pacific 
Ocean, the process of establishment of the comprehensive international regime of conservation of 
anadromous stocks in the North Pacific Ocean has been completed.

The Convention is based on the recognition that anadromous stocks intermingle extensively during 
their migrations on the high seas of the North Pacific; that the States of origin have the primary 
interest in and responsibility for such stocks; that the fisheries for anadromous stocks should be 
conducted only in waters within the 200-mile zones and that the States of origin make expenditures 
and forego economic development opportunities to establish favourable conditions to conserve and 
manage these stocks. 

The goal of conservation is consolidated by prohibition of directed fishing for anadromous fish in 
the Convention Area.  The Commission attains its goals through coordination of the NPAFC Parties’ 
enforcement activities, promotion on the national and mutual scientific research on Pacific salmon, 
and supporting the exchanges of catch, effort and stock enhancement information.  Therefore, the 
Convention represents an important instrument of collective responsibility and cooperative efforts of 
the Contracting Parties in protection and conservation of the North Pacific salmon resources.
The NPAFC promotes the conservation of salmonids and ecologically related species in the North 
Pacific Ocean and its adjacent seas and serves as a forum for cooperation in and coordination of 
enforcement activities and scientific research. 

The strength of this Commission lies in the shared purpose and active efforts of the Contracting 
Parties to ensure the conservation and sustainable utilization of North Pacific salmon resources for 
the benefit of domestic fishermen in their respective waters.  As a result, the Commission in its brief 
history has become a model of positive and successful international cooperation.

NPAFC consists of three committees: Scientific Research and Statistics (CSRS), Enforcement 
(ENFO), and Finance and Administration (F&A), and Secretariat.  In its turn, CSRS comprises 
of Science Sub-Committee (SSC), several Working Groups and temporary Study Groups.  The 
Headquarters of the Commission is located at Vancouver, B.C., Canada.  
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The NPAFC Convention Area (as prescribed in Article I of the Convention) is the waters of the North 
Pacific Ocean and its adjacent seas, north of 33 degrees North Latitude beyond 200 nautical miles 
from the baselines from which the breadth of the territorial sea is measured.  It is understood that 
activities under this Convention, for scientific purposes, may extend farther southward in the North 
Pacific Ocean and its adjacent seas in areas beyond 200 nautical miles from the baselines from 
which the breadth of the territorial sea is measured.

coNveNtioN area

Credit: FAO 2015 (http://www.fao.org/fishery/rfb/npafc)



8

Anadromous fish is the fish that return to their spawning rivers from the ocean at certain seasons for 
breeding in fresh water.  The following seven anadromous species are listed as species which migrate 
into the NPAFC Convention Area.

OncOrhynchus keta

English Name
Japanese Name

Korean Name
Russian Name

Chum salmon
Shirozake
Yeoneo
Keta

Chum salmon are the second most abundant 
species of Pacific salmon and originate both in Asia 
and North America. The fish spawn in streams and 
the fry migrate to the sea soon after emergence 
from the gravel.

Immature chum salmon distribute themselves 
widely over the North Pacific Ocean, and the 
maturing adults return to the home streams in 
summer or autumn at various ages, usually after 
spending 2 to 5 winters at sea.  Adults have 
been reported up to 108.8 cm in length and 20.8 
kg in weight.  Chum salmon die after spawning 
(semelparous).

OncOrhynchus kisutch
English Name

Japanese Name
Korean Name

Russian Name

Coho salmon
Ginzake
Eunyeoneo
Kizhutch

Coho salmon originate both in Asia and North 
America.  Coho salmon fry generally remain in 
freshwater for one to two years and then migrate to 
the ocean.  After approximately 18 months at sea, the 
fish return to their freshwater spawning areas.

The adult size is variable with lengths ranging from 
40-88 cm and weights from 1.2-6.8 kg.  Coho salmon 
die after spawning (semelparous).

sPecies
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OncOrhynchus gOrbuscha

English Name
Japanese Name

Korean Name
Russian Name

Pink salmon
Karafutomasu
Gopsayeoneo
Gorbusha

Pink salmon are the most abundant species of Pacific 
salmon and originate both in Asia and North America. Upon 
emergence, pink salmon fry migrate quickly to the sea and 
grow rapidly as they make extensive feeding migrations.

Pink salmon have a fixed two-year life cycle.  After 
eighteen months in the ocean, maturing fish return to their 
river of origin to spawn.  An odd-year dominance cycle of 
pink salmon exists in many regions of the North Pacific, 
meaning that the number of adults returning to freshwater 
in an odd-numbered year is much higher than the number 
returning in an even-numbered year.  Adults are the 
smallest Pacific salmon and range from 45-55 cm in length 
and 1.0-2.5 kg in weight.  Pink salmon die after spawning 
(semelparous).

English Name
Japanese Name

Korean Name
Russian Name

Sockeye salmon
Benizake
Hongyeoneo
Nerka

Sockeye salmon are the third most abundant species 
of Pacific salmon and originate both in Asia and North 
America.  Typically juvenile sockeye salmon utilize 
lakes for rearing areas for one to three years after 
emergence from the gravel, but some populations can 
utilize stream areas for rearing and may migrate to sea 
soon after emergence.

Sockeye salmon spend 1-4 years in the ocean before 
returning to fresh water to spawn.    Body size of 
adults is variable, but can range 45-60 cm in length 
and 1.6-3.2 kg in weight.  Sockeye salmon die after 
spawning (semelparous). 

OncOrhynchus nerka
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sPecies

OncOrhynchus tchawytcha

Chinook salmon
Masunosuke
Wangyeoneo
Tchawytcha

Chinook salmon originate both in Asia and North 
America.  Chinook salmon are not as abundant as 
chum, pink, and sockeye salmon and can grow to a 
body size larger than other Pacific Salmon.  Their life 
history includes an array of variations.  All Chinook 
salmon die after spawning (semelparous).

“Stream-type” Chinook salmon spend one year as 
fry or parr in fresh water before migrating to the sea.   
Typically, this type will return to their natal river in the 
spring or summer several months prior to spawning.

“Ocean-type” Chinook salmon migrate to sea during 
their first year of life, normally within three months after 
emergence from the river gravel, and return to their natal 
river in the fall shortly before spawning.

The length of adults varies from 58 to 89 cm, or larger.  
The typical weight range of the Chinook salmon is 4.5 to 
22.5 kg. 

English Name
Japanese Name

Korean Name
Russian Name
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OncOrhynchus mykiss

Steelhead trout
Steelhead
Songeo
Mikizha

Steelhead trout is the anadromous form of rainbow 
trout.  Steelhead trout originate both North America 
and Asia.  Most steelhead remain in freshwater for 
2-3 years, spend 2-3 years in the ocean, and return 
to the natal river to spawn.  Some steelhead may 
spawn more than once (iteroparous).

Typical sizes of adults range 50-58 cm in length 
and 1.4-6.8 kg in weight.

English Name
Japanese Name

Korean Name
Russian Name

OncOrhynchus masOu

Cherry salmon
Sakuramasu
Simayeoneo
Sima

Cherry salmon originate only in Asia. Most of them mature at 
three or four years of age, after spending one or more years 
in rivers and one winter in the ocean.   All anadromous cherry 
salmon die after spawning (semelparous).

They return to the natal river in March-May, spend the summer in 
the river, and move to headwaters for spawning in the fall.

The size of adults varies greatly, generally 50 cm or more in 
length and 2-2.5 kg or more in weight. 

English Name
Japanese Name

Korean Name
Russian Name
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scieNtific research

The vision of the NPAFC 
Convention is conservation 
of anadromous populations 
in the North Pacific Ocean.  
To achieve this vision, the 
Commission needs the best 
available scientific information 
on the condition of anadromous 
populations, ecologically 
related species, and their 
marine ecosystems.  Thus, 
the Commission’s mission in 
scientific research is to promote 
the acquisition, analysis, and 
dissemination of scientific 
information pertaining to 
anadromous populations and 
ecologically related species 
in the ocean; to coordinate 
efforts to conserve anadromous 
populations in the ocean; 
and to establish an effective 
mechanism of international 
cooperation to promote the 
conservation of anadromous 
populations in the ocean.  

Over the past several 
decades, there have been 
significant variations in the 
marine production of Asian 
and North American salmon 
populations that are linked 

to climate change.  There is a strong need for 
new international cooperative research that 
provides better scientific information on the 
ecological mechanisms regulating production 
of anadromous populations, estimates climate 
impact on salmon populations in North Pacific 
marine ecosystems, and examines the extent 
to which salmon populations, since they return 
to coastal regions, can be used as indicators of 
conditions in North Pacific marine ecosystems.

For those purposes, the Commission established 
the Committee on Scientific Research and 
Statistics (CSRS), which usually holds its 

meetings during the Annual Meetings of the 
Commission. Scientists also meet between the 
Annual Meetings, at the Research Planning and 
Coordinating Meeting (before its abolishment in 
2013), symposia and workshops.

At CSRS, the Parties submit their scientific 
research plans for salmon, report the results 
of their previous scientific researches and 
statistical data of their catches and fry, juveniles, 
and smolts releases, and discuss the scientific 
research cooperation among the Parties. 

Science Sub-Committee (SSC) and several 
Working Groups have been established 
under CSRS in order to facilitate its 
discussions for cooperation.
SSC discusses the formulation and 
reviews the implementation of the NPAFC 
Science Plan, which is a long-term plan for 
cooperative scientific research.  To provide 
necessary focus to cooperative research 
under the 2011-2015 Science Plan, the 
Science Sub-committee (SSC) identified 
an overarching research theme, “Forecast 
of Pacific Salmon Production in the Ocean 
Ecosystems under Changing Climate,” and 
five research topics:  

 Photos by: PBS, 
United States, High Seas 
Salmon Research Program, 
University of Washington, 
NPAFC Secretariat 1. Migration and Survival Mechanisms of 

Juvenile Salmon in the Ocean Eco-
systems; 

2. Climate Impacts on Pacific Salmon 
Production in the Bering Sea (BASIS) 
and Adjacent Waters;

3. Winter Survival of Pacific Salmon in 
the North Pacific Ocean Ecosystems; 

4. Biological Monitoring of Key Salmon 
Populations; and 

5. Development and Applications of 
Stock Identification Methods and 
Models for Management of Pacific 
Salmon.
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SSC also coordinates cooperation with other 
international organizations, such as North Pacific 
Marine Science Organization (PICES), Pacific 
Salmon Commission (PSC), North Atlantic Salm-
on Conservation Organization (NASCO) and oth-
ers.  NPAFC-PICES Study group was established 
in 2013 to review each organization’s scientific 
needs and identify where similar key questions or 
scientific issues might be explored jointly by both 
organizations.  In 2014, joint Study Group devel-
oped a formal framework on Scientific Coopera-
tion in the North Pacific Ocean that was endorsed 
by both organizations.  

There are now five Working Groups.  The Work-
ing Group on Stock Assessment (WGSA) meets 
mainly to summarize and discuss the latest 
statistical information on Pacific salmon catches 
and hatchery releases.  In 2014, WGSA decided 
to revisit the issue of spawner escapement data 
based on each country’s document summarizing 
their state of knowledge.

The Working Group on Salmon Marking (WGSM) 
discusses coordination of marks to minimize du-
plication between countries and the development 
of a common database of mark releases.  WGSM 
compiles release reports for corresponding years 
and supports the online Otolith Mark Database.  
The goals of the Working Group on Stock Iden-
tification (WGSI) are to develop, standardize, 
and disseminate genetic and other databases 
among the Parties to encourage the development 
of new genetic technologies and to facilitate the 
dissemination of statistical techniques.  From 
time to time, the WGSI members are requested 
to determine Pacific salmon origin from samples 
collected from the apprehended IUU fishing ves-
sels.  

The Salmon Tagging Working Group was cre-
ated in 2007 for coordination of high-seas salmon 
tagging and management of the INPFC-NPAFC 
salmon tagging database.  In 2014, the INPFC/
NPAFC High-Seas Salmonid Tag-Recovery Data-
base was supplemented with information collect-
ed by data storage tags (DSTs) carried by salmon 

and steelhead during their high-seas migrations. 
 
BASIS (Bering-Aleutian Salmon International 
Survey) Working Group was created to facili-
tate the latest cooperative research on Pacific 
salmon in the Bering Sea designed to clarify the 
mechanisms of biological response by salmon 
to the conditions caused by climate changes.  
As it is anticipated, the working group members 
will report on their findings at the 2015 NPAFC 
International Symposium in Kobe, Japan.  CSRS 
decided to continue the BASIS Working Group to 
the end of the current 2011-2015 Science Plan.  

About 10 research vessels are deployed annually 
for scientific research cruises.  In many cases, 
they are joint cruises with the participation of sci-
entists from the different member countries.  

NPAFC published the statistical data on salmon 
catches provided by the member countries in a 
Statistical Yearbook.  In recent years, a time se-
ries of statistical data was developed to examine 
salmon production trends.  These data included 
statistics for decades prior to 1993 and updated 
some of the more recent data.  In 2013, work was 
begun to create electronic data files that combine 
NPAFC statistics with the time series data and to 
make these statistics available to the public.  The 
new time series data are now available for down-
load from the Statistics webpage on the NPAFC 
website.  It have replaced the hard-copy and on-
line versions of the NPAFC Statistical Yearbooks.

The proceedings of the NPAFC symposia and 
workshops are published in the NPAFC Bulletin 
series and Technical Report series respectively.  
In 2013, the NPAFC issued a Technical Report 
No. 9 contained the proceedings of Third Inter-
national Workshop on Migration and Survival 
Mechanisms of Juvenile Salmon and Steelhead 
in Ocean Ecosystems.  Last years, scientific 
review articles, workshop reports, and a book 
reviews occur in the NPAFC Newsletters semi-
annual issues. 
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eNforcemeNt

The Convention prohibits direct fishing for anad-
romous fish (chum, coho, pink, sockeye, chinook, 
cherry salmon, and steelhead trout) in the Con-
vention Area.  The incidental taking of anadro-
mous fish is to be minimized to the maximum 
extent practicable, and the retention of anadro-
mous fish taken incidentally during fishing activity 
directed at non-anadromous fish is prohibited, 
and any such anadromous fish shall be returned 
immediately to the sea.

The Convention has contributed 
to the implementation of the UN 
General Assembly resolution 
entitled “Large-scale pelagic 
drift-net fishing and its impact 
on the living marine resources 
of the world’s oceans and seas” 
(A/RES/44/225 of 22 December 

1989), by prohibiting direct fish-
ing for anadromous fish in high 

seas areas of the North Pacific Ocean, where 
salmon fishing had been mainly conducted by 
using driftnets.

Since the NPAFC establishment, the Parties have 
cooperated on the exchange of information re-
garding violation of the provisions of the Conven-
tion and on the exchange of enforcement plans 
and actions.

The agencies of Contracting Parties, which 

are directly responsible for the planning, and 
execution of enforcement activities within the 
Convention Area are:

More than four million square kilometres of the 
North Pacific Ocean are monitored by efforts of 
the NPAFC Member countries every year, with 
more than 100 days of ship and 500 hours of aer-
ial patrols and the use of radar satellite surveil-
lance.  These cooperative NPAFC activities serve 
as a good example for 
non-member countries 
to follow, some of them 
also contribute in the 
enforcement among 
their national flag ves-
sels and report to the 
Commission.  

1. • Department of Fisheries and 
Oceans and Department of National 
Defence, Canada;

2. • Fisheries Agency of Japan and Ja-
pan Coast Guard;

3. • Ministry of Oceans and Fisheries of 
the Republic of Korea;

4. • Fisheries Agency of the Russian 
Federation and Russian Federal Bor-
der Service; and

5. • United States National Marine 
Fisheries Service and United States 
Coast Guard

Aurora CP-140 
(Canada)

Coast Guard Cutter (United States)

Border Service Patrol Ship (Russia )
Citation (Japan)
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In 1993-2014, the cooperative enforcement ef-
forts of the NPAFC Parties resulted in the detec-
tion of 47 vessels conducting directed driftnet 
fishing operations for salmon in the Convention 
Area. Of those vessels, 20 were apprehended 
(see the table).

Number of detected/apprehended vessels

Year 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 Total

Detections 6 1 3 1 6 9 11 2 0 0 0 1 0 0 1 0 0 2 2 1 0 1 47

Apprehensions 2 0 1 1 2 4 3 1 0 0 0 1 0 0 1 0 0 1 1 1 0 1 20

In 2006, the development of the Integrated Infor-
mation System (IIS) was completed. The IIS al-
lows the Parties to keep all electronic information 
about illegal or suspected vessels in the Conven-
tion Area on a closed website.

In 2007, the NPAFC Enforcement Committee 
initiated a program of cooperation with Technical 
Committee on Compliance (TCC) of the Western 
and Central Pacific Fisheries Commission (WCP-
FC) and the Fisheries Working Group (FWG) of 
the North Pacific Coast Guard Forum (NPCGF).  
In 2008, the first ever International North Pacific 
IUU Workshop was held in Vancouver, B.C., Can-
ada.  Represented were ENFO of the NPAFC, 
FWG of the NPCGF, TCC of the WCPFC and the 
International Monitoring Control and Surveillance 
Network.  

In 2009, ENFO Workshop on “Patrol tactics plan-
ning and execution of enforcement in the NPAFC 
Convention Area” was held in Fukuoka, Japan. 
In 2012, ENFO Workshop on “Procedures of 
Interception and Seizure of Vessels of Interest on 
the High Seas” was held in Jeju Island, Republic 
of Korea.

In 2010 the Uited States initiated an enforce-
ment conference call effort which was continued 
in 2011 to 2014, with participation Parties on a 
voluntary basis.  Forty conference calls were 
conducted during the 2010-2014 patrol seasons, 
which were an effective real-time communication 
tools for coordinating enforcement patrols and 
updating case information.

Recent interception of the suspected IUU-fishing 
vessel Yin Yuan by the U.S. Coast Guard Cut-
ter Morgenthau in May 2014 demonstrated that 
illegal fishing of Pacific salmon in offshore waters 
is still not extirpated.  That requires the interna-
tional community to remain vigilant in improving 
monitoring and enforcement efforts in the North 
Pacific.

Nancy Davis, NPAFC Deputy Director, provides 
detailed description of the suspected IUU-fishing 
vessel Yin Yuan apprehension in NPAFC News-
letter No. 36 (page 8-9). 

C-130
 (United States)

KA-27 (Russia)
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statistics

Commercial catch and hatchery release statistics are available for Canada, Japan, Korea, Russia, 
and USA.  Sport and subsistence catch data are available for Canada, Russia and USA.  Depend-
ing on the reporting area, some catch statistics are available for the period starting in 1925 and some 
hatchery release statistics are available starting from 1952.  A metadata document “NPAFC Statistics: 
Description of Pacific Salmonid Catch and Hatchery Release Data Files” describing data sources 
and data file organization is available for users on the NPAFC website.  The time series of catch and 
hatchery release statistics are a useful new tool for researchers interested in Pacific salmon and steel-
head production under conditions of changing ocean climate and ecosystems.  

The average annual total catch of Pacific salmon 
and steelhead trout by the NPAFC member 
countries between 1993 and 2013 is 903,976 
tonnes.  The portion of the world capture fishery 
harvest that is represented by Pacific salmon is 
gradually increasing and recently reached 1.1% 
(by weight) in 2013.  In the last four odd years, 
Pacific salmon and steelhead trout catch by the 
NPAFC member countries consistently exceeded 
1 million tons.  That is mostly due to increased 
abundance of pink salmon, whose harvest values 
exceeded 500,000 tons in those years.  

It is interesting that Pacific salmon catches are 
growing at the same average annual rate of 
3.2%, when average catches of 1960-1964 and 
2009-2013 are compared, as the world fishery 
harvest in the last five decades.  This means 
Pacific salmon catches have remained a crucial 
component of the world’s commercial fisheries 
from the 1960s-2010s, despite the initiation of 
new fisheries, new fishery targets, and several 
“big outbursts” in stocks and their correspondent 
fisheries, for example Peruvian anchovy, walleye 
pollock, Japanese sardine, Antarctic krill, and 
Atlantic herring and cod.  

In 2013, the total salmon catch was 586.0 mil-
lion fish or 1,107.6 thousand tonnes.  Major 
catches were reported by USA (mostly Alaska) 
(509.2 thousand tonnes, 46.0%), Russia (405.9 
thousand tonnes, 36.6% of total weight), and 

Japan (164.5 thousand tonnes, 14.9%).  Pink and 
chum salmon constituted the majority of the total 
catch (53.1 and 31.2% by weight, wrespectively).  
Sockeye comprised 12.0% and coho salmon was 
2.7% of the commercial catch by weight.  Each 
of Chinook (0.8%) and cherry salmon, and steel-
head trout comprised <1% of the commercial 
catch by weight.

Please refer to Tables 1-4 and Figures 1-4 for an-
nual commercial catch of salmon and steelhead 
trout in number of fish and weight in tonnes by 
country and species, 1993-2013.  These tables 
and figures are based on the NPAFC statistics 
files that are available on the Commission’s web-
site.  Since 1993, NPAFC has generated hard 
copy and on-line versions of its Statistical Year-
books containing salmonid catch and hatchery 
release statistics.  In recent years, a time series 
of statistical data was developed to examine 
salmon production trends.  These data included 
statistics for decades prior to 1993 and updated 
some of the more recent data.  In 2013, work was 
begun to create electronic data files that combine 
NPAFC statistics with the time series data and to 
make these statistics available to the public. 

The new time series data have replaced the hard 
copy and on-line versions of the NPAFC Statisti-
cal Yearbooks.

CommerCial Salmon CatCh
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hatChery releaSeS

The average annual number of Pacific salmon 
and steelhead fry, juveniles, and smolts released 
from hatcheries by member countries between 
1993 and 2013 is quite stable, averaging slightly 
less than 5 billion fish per year (4,924.6 million in 
1993-2013).

Salmon hatchery releases in 2013 from NPAFC 
member countries was 4.858 billion fish.  The 
United States hatcheries released 1,881.1 mil-
lion fish (38.7%), Japan released 1,728.5 million 
(35.6%), Russia released 995.5 million (20.5%), 
Canada released 243 million (5.0%), and 9.7 
million (0.2%) were released by Korea.  Hatchery 
releases were primarily chum (3,019.2 million, 
62.2%) and pink salmon (1,254.2 million, 25.8%), 
followed by Chinook (240.4 million, 4.9%), sock-
eye (231.4 million, 4.8%), and coho salmon 
(79.4 million, 1.6%), steelhead trout (21.1 million, 
0.4%), and cherry salmon (12.3 million, 0.3%). 

Please refer to Tables 5-6 and Figures 5-6 for an-
nual hatchery releases of salmon and steelhead 
trout by country and species, 1993-2012.  
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statistics
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Figure 1.  Annual commercial catch of salmon and steelhead trout by country in millions of fish, 1993-2013.

Table 1. Annual commercial catch of salmon and steelhead trout by country in thousands of fish, 1993-2012.
Year Total Canada Japan Republic of Korea Russia United States
1993 416,298 35,000 76,125 NA 105,063 200,109
1994 424,496 21,087 78,000 NA 125,292 200,117
1995 458,436 20,729 84,556 NA 129,878 223,273
1996 396,984 14,679 101,099 NA 102,889 178,317
1997 384,028 19,531 80,667 NA 156,117 127,713
1998 409,236 8,813 70,165 NA 175,767 154,490
1999 453,908 7,835 58,878 NA 169,174 218,021
2000 334,866 8,538 59,095 NA 127,216 140,018
2001 399,265 9,971 67,229 NA 143,026 179,039
2002 308,489 11,756 67,451 60 93,560 135,662
2003 428,756 16,066 82,486 36 147,112 183,056
2004 342,059 7,789 75,913 29 86,298 172,029
2005 492,910 11,888 74,406 23 181,867 224,726
2006 389,880 8,206 68,684 45 168,625 144,320
2007 513,542 8,814 74,935 92 213,756 215,944
2008 347,295 1,692 56,623 83 140,926 147,971
2009 605,571 11,163 69,594 50 355,041 169,723
2010 423,038 11,457 54,116 49 181,483 175,933
2011 608,181 9,731 46,029 28 367,770 184,622
2012 463,571 3,013 43,081 35 287,208 130,234
2013 586,022 14,448 52,326 97 226,573 292,578

Mean 93-13 437,490 12,486 68,641 52 175,459 180,852
% 93-13 100.00 2.9 15.7 0.0 40.1 41.3

note:  2006-2013 catches do not include catch by foreign fleets operating in the Russian EEZ
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Table 2. Annual commercial catch of salmon and steelhead trout by country in tonnes round weight, 1993-2012.
Year Total Canada Japan Republic of 

Korea
Russia United States

1993 867,894 84,988 208,806 299 170,847 402,954
1994 882,062 65,781 221,101 341 186,649 408,190
1995 987,356 48,677 253,111 358 218,437 466,773
1996 912,617 34,192 296,549 538 176,273 405,065
1997 843,488 47,356 251,740 553 244,793 299,046
1998 811,999 30,313 202,845 394 246,139 332,308
1999 847,570 17,116 174,324 285 242,085 413,760
2000 727,680 19,496 164,736 51 210,556 332,841
2001 832,829 24,729 209,325 107 232,245 366,423
2002 738,091 33,246 217,926 170 183,515 303,233
2003 939,012 38,605 281,270 115 237,157 381,865
2004 830,253 25,902 252,417 97 167,843 383,994
2005 986,530 31,246 239,561 55 266,375 449,293
2006 870,848 26,462 222,661 123 275,254 346,348
2007 1,038,677 20,986 227,088 245 348,706 441,653
2008 767,649 5,664 172,041 217 260,324 329,403
2009 1,137,647 20,075 218,504 134 551,513 347,421
2010 913,348 30,377 170,435 139 326,582 385,815
2011 1,050,526 25,979 142,480 73 505,961 381,088 
2012 889,796 10,036 128,049 72 439,608 310,336 
2013 1,107,631 27,782 164,458 314 405,885 509,192 

Mean 93-13 903,976 31,857 210,449 223 280,797 380,810 
% 93-13 100.00 3.52 23.28 0.02 31.06 42.13

* unusual high catch of coho by Japan along the Pacific coast of Honshu was probably caused by large escapements 
from marine net-pen culture damaged by the March 11, 2011 earthquake and tsunami

note:  2006-2013 catches do not include by foreign fleets operating in the Russian EEZ
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Figure 2.  Annual commercial catch of salmon and steelhead trout by country in thousands of tonnes round 
weight, 1993-2013.
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Table 3. Annual commercial catch of salmon and steelhead trout by species in thousands of fish, 1993-2012.
Year Total Sockeye Pink Chum Coho Chinook Steelhead Cherry
1993 416,298 93,207 224,281 87,279 9,215 2,178 61 76
1994 424,496 70,982 243,391 94,699 13,532 1,729 49 114
1995 458,436 75,755 263,230 107,953 9,370 2,052 43 33
1996 396,984 64,584 205,569 116,431 8,840 1,477 54 30
1997 384,028 49,489 226,494 101,500 4,499 1,996 50 1
1998 409,236 29,732 286,350 86,274 5,510 1,327 44 NA 
1999 453,908 50,859 318,835 77,621 5,358 1,205 29 NA
2000 334,867 43,571 207,038 77,383 5,524 1,309 42 NA
2001 399,265 35,457 269,190 87,331 6,232 1,001 55 NA
2002 308,489 35,262 181,497 83,307 6,364 2,023 35 1
2003 428,756 40,273 281,129 99,607 5,556 2,154 33 4
2004 342,059 52,300 181,401 98,823 7,138 2,358 38 NA
2005 492,910 51,280 344,826 88,686 6,080 1,990 36 13
2006 389,880 55,498 225,610 101,889 5,436 1,408 31 7
2007 513,542 59,014 350,860 96,686 5,535 1,385 57 5
2008 347,295 49,813 201,984 88,318 6,256 875 37 11
2009 605,571 54,584 435,419 108,125 6,304 1,070 61 7
2010 423,038 65,471 258,740 91,031 6,330 1,386 70 9
2011 608,181 55,918 458,963 84,778 6,899 1,566 50.17 6
2012 463,571 54,606 305,231 96,578 5,663 1,463 26 4
2013 586,022 49,557 418,273 106,408 10,103 1,634 39 7

Mean 93-13 437,468 54,153 280,396 94,319 6,940 1,599 45 21 
% 93-13 100.00 12.38 64.10 21.56 1.59 0.37 0.01 0.00

note:  2006-2013 catches do not include catch by foreign fleets operating in the Russian EEZ;
1993-2001 catches do not include catch by Korea;
the count of cherry salmon is underestimated.
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Figure 3.  Annual commercial catch of salmon and steelhead trout by species in millions of fish, 1993-2013.
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Table 4.  Annual commercial catch of salmon and steelhead trout by species in tonnes round weight, 1993-2012. 
Year Total Sockeye Pink Chum Coho Chinook Steelhead Cherry
1993 867,894 242,236 303,975 279,112 25,541 15,221 266 1,543
1994 882,062 182,469 322,524 316,134 45,868 13,174 199 1,694
1995 987,356 190,886 390,706 359,593 30,607 13,986 168 1,411
1996 912,617 181,486 288,798 401,886 28,140 10,415 213 1,678
1997 843,488 130,804 338,313 345,512 14,342 13,333 194 991
1998 811,999 77,466 389,595 313,430 19,942 9,651 180 1,734
1999 847,570 126,947 408,927 285,875 15,801 8,770 121 1,129
2000 727,680 121,305 293,702 284,534 18,610 8,423 150 956
2001 832,829 106,322 386,941 308,424 21,111 9,030 222 779
2002 738,091 100,963 277,254 321,787 22,454 14,349 149 1,135
2003 939,012 112,057 421,444 370,172 18,941 15,076 144 1,177
2004 830,253 141,343 293,589 354,072 24,040 16,122 157 930
2005 986,530 145,334 489,571 317,834 19,000 13,855 0 937
2006 870,848 145,870 333,967 361,584 18,156 10,072 0 1,199
2007 1,038,677 158,751 524,543 327,523 17,036 9,137 188 1,499
2008 767,649 131,410 309,686 296,315 22,032 6,612 212 1,382
2009 1,137,647 146,716 603,361 359,036 20,002 6,378 169 1,985
2010 913,348 172,688 389,222 313,278 20,900 7,014 202 1,043
2011 1,050,526 149,486 594,660 278,503 18,771 7,504 190 1,412
2012 889,796 143,593 412,857 307,941 16,399 8,114 132 743
2013 1,107,631 133,208 588,443 345,355 29,793 9,374 155 1,302

Mean 93-13 903,976 144,826 398,194 326,090 22,261 10,743 162 1,269 
% 93-13 100.00 16.02 44.05 36.07 2.46 1.19 0.02 0.14

note: 2006-2013 catches do not include catch by foreign fleets operating in the Russian EEZ;
yearly totals from 1993 to 2013 include Korean catches
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Figure 4.  Annual commercial catch of salmon and steelhead trout by species in thousands of  tonnes round weight, 
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statistics

Figure 5.  Annual hatchery releases of salmon and steelhead trout by country in millions of fish, 1993-2013.

Table 5. Annual hatchery releases of salmon and steelhead trout by country in millions of fish, 1993-2012.
Year Total Canada Japan Republic of Korea Russia United States
1993 5,045.7 497.6 2,115.9 14.7 538.3 1,879.2
1994 4,820.1 416.5 2,208.4 16.1 467.3 1,711.8
1995 4,909.9 340.5 2,153.4 15.8 484.2 1,915.9
1996 5,120.9 313.1 2,165.2 15.9 593.7 2,033.1
1997 4,904.3 507.2 2,077.0 16.3 594.9 1,708.9
1998 4,794.3 328.6 2,029.9 19.4 600.4 1,816.0
1999 4,714.4 331.8 2,025.8 21.5 551.6 1,783.7
2000 4,762.7 334.7 1,972.2 19.0 649.2 1,787.7
2001 4,685.6 307.8 1,988.1 5.6 587.3 1,796.8
2002 5,010.1 475.3 2,008.9 10.5 669.7 1,845.7
2003 5,006.3 511.8 1,998.3 14.7 616.1 1,865.4
2004 5,156.4 534.1 1,975.9 12.9 685.9 1,947.6
2005 4,976.7 518.7 2,003.0 11.3 684.1 1,759.6
2006 4,783.9 375.6 2,005.0 7.4 670.3 1,725.6
2007 5,175.2 386.4 2,036.4 13.8 843.2 1,895.4
2008 5,094.8 331.4 2,043.3 16.6 927.8 1,775.7
2009 4,810.7 300.2 1,974.4 5.8 901.7 1,628.6
2010 5,244.3 312.5 2,011.6 17.2 1,033.5 1,869.5
2011 4,512.3 336.7 1,359.1 20.9 935.2 1,860.4
2012 5,030.0 312.5 1,792.6 9.7 916.3 1,998.8
2013 4,857.9 243.0 1,728.5 9.7 995.5 1,881.1

Mean 93-13 4,924.6 381.7 1,984.4 14.0 711.7 1,832.7
% 93-13 100.00 7.75 40.30 0.29 14.45 37.22
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Table 6.  Annual hatchery releases of salmon and steelhead by species in millions of fish, 1993-2012.
Year Total Sockeye Pink Chum Coho Chinook Steelhead Cherry
1993 5,045.6 300.6 1,365.4 2,921.1 122.3 288.8 30.1 17.4
1994 4,820.1 269.3 1,216.8 2,885.4 113.3 291.7 28.9 14.7
1995 4,909.9 211.4 1,300.9 2,924.0 109.5 321.5 29.4 13.1
1996 5,120.9 147.8 1,486.6 3,022.7 119.8 301.3 25.8 16.8
1997 4,904.3 337.3 1,229.9 2,903.4 106.2 281.9 27.8 17.8
1998 4,794.3 154.8 1,370.8 2,832.4 102.4 289.7 28.9 15.2
1999 4,714.4 212.6 1,302.1 2,782.3 109.0 265.5 26.8 16.0
2000 4,762.7 184.8 1,372.1 2,818.8 98.8 248.6 23.9 15.6
2001 4,685.6 197.9 1,368.4 2,734.8 97.7 245.9 26.6 14.3
2002 5,010.0 333.5 1,454.6 2,829.4 95.0 261.3 22.3 13.9 
2003 5,006.2 393.1 1,359.6 2,877.3 89.1 249.8 20.1 17.2 
2004 5,156.4 450.6 1,420.4 2,928.4 95.5 227.5 13.5 20.5 
2005 4,976.7 381.4 1,244.2 3,005.3 86.7 229.2 16.4 13.5 
2006 4,783.7 262.1 1,300.5 2,888.6 74.6 223.0 20.1 14.8 
2007     266.6 1,426.0 3,097.5 85.5 263.6 19.4 16.5 
2008 5,094.7 253.8 1,388.4 3,098.0 83.7 238.4 17.3 15.1 
2009 4,810.8 227.5 1,334.0 3,001.9 63.9 154.9 12.7 15.9 
2010 5,244.3 240.9 1,445.2 3,174.8 86.9 258.1 22.0 16.4 
2011 4,512.3 295.8 1,383.7 2,467.6 84.2 245.9 22.2 12.8 
2012 5,030.0 222.5 1,349.0 3,091.6 78.8 252.1 22.2 13.8 
2013 4,857.9 231.4 1,254.2 3,019.2 79.4 240.4 21.1 12.3 

Mean 93-13 4,912.0 265.5 1,351.1 2,919.3 94.4 256.2 22.7 15.4 
% 93-13 100.00 5.41 27.51 59.43 1.92 5.21 0.46 0.31
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Figure 6.  Annual hatchery releases of salmon and steelhead by species in millions of fish, 1993-2013.
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i. eecm

1. Time of the virtual email Meeting

The 2014 EECM was held in an email format on March 11-14, 2014.
The ENFO Chairman, Jeongseok Park of the Republic of Korea, welcomed the participants 
in the opening letter.

2. Participants

Canada: Russia:
*Gary Miller Andrey Bezchastnov

Brent Napier *Alexey Monakhov
Blair Thexton Yana Zhadan

Japan: United States:
*Ichiro Koga Christopher Barrows

Tatsu Nakamura Matthew Brown
Takeshi Sato Lis Dorrian

Yuuma Tanaka *Karl Mueller
Paul Niemeier

Korea: Philip Thorne
Sohan Bae

Wanhyun Choi NPAFC Secretariat:
Sonyoung Im Vladimir Radchenko

Chungmo Jung Nancy Davis
Yongseok Kang Wakako Morris

Dojin Kwak
Deokman Park

*Jeongseok Park
Sejong Park

Soom Hyung Park
Seongbong Ryu

Jiae Son

* - Meeting Persons of contact (MPoC)
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3. Coordination of the 2014 NPAFC Enforcement Joint 
Patrol Schedule
The Secretariat prepared, in cooperation with the ENFO Chairman, a meeting schedule and proce-
dure that was approved by the ENFO Points of Contacts by email on January 17, 2014 (Memo E14-
01 January 2, 2014).  Details on the meeting procedure, agenda, lists of Meeting Points of Contact 
(MPoC) and the delegates of each Party have been uploaded on the secure EECM web page.

The Parties discussed 2014 patrol plans and coordinated their scheme of patrolling as appended (Ap-
pendix 1). 

Joint Scheme of Patrolling 2014

Month April May June July August September October November December

Week 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

Canada Aircraft

Radar Sat

Japan Aircraft

Patrol 
vessels

Korea Aircraft

Cutters

Russia Aircraft
(Sakhalin)

Cutters
(Sakhalin)

Aircraft
(North East)

Cutters
(North East)

United 
States

Aircraft

Cutters

COMMENTS (Area of Patrol)
Canada Aircraf: May 11- June 1 planned flying period.
Japan Aircraft: FAJ 124 hours / 31 days   JCG 6 hours / 2 days
Japan Patrol vessels: patrol trip
Korea Aircraft: 14-16 July 2014 (Tentative), E-5, E-6 and E-7
Korea Cutters: 14-16 July 2014 (Tentative), E-5, E-6 and E-7
United States Aircraft: Patrols are 24 April - 10 May and also 24 June - 04 July
United States Cutters: USCGC MORGENTHAU will be in NPAFC Convention Area from 01 May - 

31 July

Legend
Aircraft

Surface

Reserve (will be flown if earlier flights are 
cancelled due to weather, maintenance, etc.)
Tentative

Aircraft Intermittent

Radar Satellite

i. eecm
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Legend
Aircraft

Surface

Reserve (will be flown if earlier flights are 
cancelled due to weather, maintenance, etc.)
Tentative

Aircraft Intermittent

Radar Satellite

The draft combined patrol schedule chart has been made by the Secretariat based on patrol schedule 
of each Party.  The meeting agenda was restricted to discuss and coordinate patrol schedules among 
the Parties.  For this reason, each MPoC was requested to review and email adjustment, if any, on 
each draft patrol schedule in a timely fashion.  Then, the Secretariat filled the adjusted draft joint pa-
trol schedule chart with changes.

The EECM report (NPAFC Doc. 1500) was prepared by the Secretariat and distributed to the NPAFC 
Points of Contact by the Circular Letter No. 315 on March 17, 2014.  Then, it was reviewed and ad-
opted by the Committee on Enforcement at the 22nd NPAFC Annual Meeting in May 2014.

i. eecm
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ii. 22nd aNNual meetiNG

1. Time and Place of the Meeting
The Twenty-second Annual Meeting of the Commission was held at the Embassy Suites Portland 
Downtown in Portland, OR, U.S.A., May 12-16, 2014.  Plenary sessions were held under the chair of 
Dr. Vladimir Belyaev, President of the Commission.  

The Committee on Enforcement (ENFO) met on May 12 and 13, with Mr. Jeongseok Park of the Re-
public of Korea as Chairman.

The Committee on Scientific Research and Statistics (CSRS) met on May 12-15, with Mr. Mark Saun-
ders of Canada as Chairman.

The Committee on Finance and Administration (F&A) met on May 14 and 15, with Mr. Gary Smith of the 
United States as Chairman.

2. Participants

Canada: 

Representatives
Robin Brown (Head of Delegation)
George Hungerford
Terry Tebb

Advisers and Experts
Terry Beacham Gary Miller Arlenne Tompkins
Jim Irvine Brent Napier Marc Trudel
Kate Johnson Mark Saunders

Japan:

Representatives
Shigeto Hase
Junichiro Okamoto (NPAFC Vice-President, Head of Delegation)

Advisers and Experts:
Ichiro Koga Shunpei Sato Shigehiko Urawa
Toru Nagasawa Takeshi Sato
Toshihiko Saito Yasuo Tomida

Republic of Korea:

Representatives
Jukyoung Kim
Jeongseok Park (Head of Delegation)

Advisers and Experts
Kwan Eui Hong Youngho Park Hayeun Song
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Russian Federation

Representatives
Vladimir Belyaev (NPAFC President)

Advisers and Experts
Mikhail Gluvokovsky 
(Head of Delegation) Igor Melnikov
Elena Akinicheva Alexey Monakhov Olga Temnykh
Alexander Bugaev Svetlana Naydenko Alexander Zavolokin
Nataliya Klovach Oleg Rykov Yana Zhadan

United States

Representatives
Earl Krygier (Alternate)
Douglas Mecum (Alternate) (Head of Delegation)
Gary Smith

Advisers and Experts
Lee Blankenship Loh-Lee Low Glenn Reed
Mattew Brown Niel Moeller Jim Seeb
Lance Campbell Karl Mueller Lisa Seeb
Michael Clark Kate Myers William Templin
Ed Farley Erik Neatherlin Phillip Throne
Jeff Guyon Paul Niemeier Eric Volk
Rich Lincoln Dion Oxman Kenneth Warheit

Observers
North Atlantic Fisheries Organiszation (NAFO) Paul Niemeier
North Pacific Fisheries Commission (NPFC) Michael Clark
North Pacific Marine Science Organization (PICES) Elizabeth Logerwell
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Secretariat:

Vladimir Radchenko Executive Director
Nancy Davis Deputy Director
Wakako Moris Administrative Officer
Claudia Chan IT/Administrative Assistant
Joyce Tang Temporary Assistant
Bruce Lawer (CCR) Interpretation Equipment Technician
Thierry Goldshlager (CCR) Interpretation Equipment Technician
Teresa Fairchild Temporary Assistant
Thom Kincheloe Temporary Assistant
Linda Miller Temporary Assistant

Interpreters
English/Japanese Chieko Bond Ikumi Graham Yuko Yasutake

Hiromi Chino Mieko Konda

English/Korean Miyang Chu Jackie Noh Susan Ritchie
Sangsook Lee Junghae Park

English/Russian Anderei Falaleyev Julia Mogilev Igor Zoubko
Elena Malofeeva Michael Wasserman

3. Agenda

Provisional Agenda for the Commission’s Plenary Sessions
(distributed at least 60 days in advance of the Annual Meeting)
 
First Session: 2014 May 12, Monday 09:00

1. Opening by the President of NPAFC, Dr. Vladimir Belyaev
2. Opening addresses, introduction and report on delegation memberships
3. Introduction of observers
4. Adoption of agenda
5. Meeting procedures

a. Attendance at meetings
b. Schedule of sessions
c. Press policy
d. Minutes

6. Executive Director’s report
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7. Consideration of enforcement
a. Exchange of information on activities contrary to provisions of the Convention (Article IX 2.)
b. Review and evaluation of enforcement actions (Article IX 5.)
c. Review of the report of Email Enforcement Evaluation and Coordination Meeting (EECM), March 11-14, 

2014
d. Review progress on ENFO List of Actions 
e. Review of Parties' proposals on joint projects to be financed by the Commission
f. Cooperation with relevant international organizations and invitations to state or entity (Article IX 9. and 

10.)
g. 2015 Patrol Schedule Meeting
h. Joint meeting with CSRS
i. Adoption of ENFO Report

8. Consideration of scientific research and statistics
a. Review of 2013 salmon catches and enhancement production (Article VII 2. and 3. ToR 3)
b. Review of scientific research activities in relation to the 2011-2015 NPAFC Science Plan Components 

(Article VII 8. and IX 6. ToR 3 and 13)
c. Coordination of scientific research activities (Article IX 6. and 8.)
d. Cooperation with relevant international organizations and invitations to state or entity (Article IX 9. and 

10. ToR 14 and 15)
e. Status reports on projects (ToR 9; Rules of Procedure 25)
f. International Year of the Salmon feasibility study
g. Joint Session with the Committee on Enforcement (Article VII 1. ToR 4 and 5).
h. 2015 NPAFC Symposium and other future meetings Article VII 5. ToR 8)
i. Adoption of CSRS Report

9. Consideration of administrative and fiscal matters
a. New timing of budget approval process
b. Financial situation in current fiscal year
c. Budget estimate for fiscal year beginning July 1, 2015
d. Budget forecast for fiscal year beginning July 1, 2016
e. Replenishment of the Special Fund for Scientific Research
f. Administrative report for 2013/14
g. Implementation of the Communication Plan
h. Administrative matters
i. Review of ENFO and CSRS recommendations on joint projects to be financed by the Commission
j. Schedule of future annual meetings
k. Adoption of F&A Report

10. Executive Director Performance Review assessment
11. Extension of the period of the Deputy Director’s term
12. Progress on feasibility of the International Year of the Salmon initiative
13. 2014 NPAFC Award presentation
14. Election of the Commission’s Officers
15. Other business 

a. Rewards for International Salmon Tagging Research 
16. Schedule of Twenty-third Annual Meeting
17. Summary minutes of Plenary Sessions 
18. News release 
19. Closing remarks 
20. Adjournment
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4. Opening Remarks

There were addresses of welcome and statements by the NPAFC President, Representatives of 
Canada, Japan, Korea, Russia, and the United States.

NPAFC President, Dr. Vladimir Belyaev addressed the meeting as following:
Dear Ladies and Gentlemen! Colleagues!

It gives me great pleasure seeing you here today. Dur-
ing our latest meeting in Russia, at the end of 2012, 
we made an important decision to change the format 
of our meetings.

Last year our first virtual meeting took place. One can 
confidently say that it was successful, but it should 
also be noted that such a meeting can hardly ever 
entirely replace a full-fledged meeting of representa-
tives, scientists, and fish protection agencies of our 
countries.

The results of our virtual meeting allowed us to esti-
mate high salmon returns (to North American shores, of practically all species except sockeye, and 
to Asian shores, of mostly chum and sockeye). According to preliminary data, the total salmon catch 
by NPAFC countries exceeded 1.1 million metric tons. This reaffirms the effectiveness of measures 
taken to protect anadromous stocks and the need for deeper research into the mechanisms of stock 
formation. It was beneficial that at the previous session, in November 2013, most of the Commission’s 
member countries exchanged preliminary salmon catch data. This early step helps us better under-
stand the trends of anadromous stocks and plan our preservation and research activities.

This is the first time we have met during the first half of the year, before the completion of the Com-
mission’s fiscal year. This will require us to develop new rules for approving the estimated budget 
for the coming year, as well as the draft budget, before the completion of audits of the Commission’s 
activities and its financial position. Chairman of the Committee on Finance and Administration, Gary 
Smith, together with the Secretariat have developed proposals for methods for deciding financial 
issues in the coming years. Representatives of the Parties and the committee have the task of evalu-
ating and possibly honing these proposals before approving the new system. The Commission will 
begin functioning according to the new system as soon as this session concludes.

This year our meeting is taking place before the start of the patrol season. In the framework of the 
March virtual meeting, the Committee on Enforcement, under the guidance of its Chairman, Jeong-
seok Park, successfully discussed an interaction scheme for the 2014 patrol season. It is worth noting 
that in 2013 the struggle against poaching in the World Ocean was joined by no less an authoritative 
agency than the Interpol.

The Committee on Scientific Research and Statistics is nearing completion of the current NPAFC 
2011-2015 Science Plan. It is time to sum up the results and embark upon planning for the next five 
years. For this purpose, the Commission is planning to organize a scientific symposium in May of 
next year. We have made the first steps towards realizing the large-scale idea of the International 
Year of the Salmon. CSRS Chair Mark Saunders will present his proposals to the CSRS and then 
report on this topic at the Plenary Session of the Commission. 
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The Commission has adopted a Communications Plan; during this meeting we will need to decide to 
what extent to realize this plan. The Secretariat did its job in regards to this issue; now the Commis-
sion will have to evaluate the proposals and express its point of view.

As is our tradition at the end of a two-year period, extended in this case by half a year, at this meeting 
we are looking forward to electing a new leadership. I hope that the new leaders will assure continued 
functioning of the Commission and its committees. We will return to this during our Second Plenary.

Thank you!

ii. 22nd aNNual meetiNG
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Mr. Robin Brown, Head of the Canadian delegation, addressed the session as 
following:
Mr. President, distinguished delegates, observers, ladies 
and gentlemen:

My name is Robin Brown, and I am head of the Cana-
dian Delegation.  It is an honour for me to be joining all of 
you this week, and I would like to begin by expressing my 
gratitude to the United States for hosting the 22nd Annual 
Meeting of the NPAFC in this beautiful and dynamic city.  I 
would also like to thank the Secretariat for not only organiz-
ing this meeting, but as well for assisting me to become 
more acquainted with the Commission over the last several 
months.

While this is my first in-person NPAFC Annual Meeting, I 
have had the pleasure of becoming familiar with the Com-
mission’s work over time.  The conservation of Pacific salmon is an issue that occupies much of the 
attention of my department and NPAFC’s contributions to scientific exchange and enforcement have 
helped Canada advance its own Pacific salmon policies and approaches to management.  

Given the continued uncertainty surrounding the various factors that may affect the health of Pacific 
salmon, particularly in the marine environment, the scientific collaboration that takes place through 
the NPAFC is invaluable. Specifically, the work of the Committee on Scientific Research and Statistics 
(CSRS) contributes to our understanding of relevant trends including, for example, climate impacts on 
Pacific salmon in the NPAFC Convention Area, productivity trends by population, and the interactions 
between wild salmon and hatchery salmon.  

Canada appreciates the strategic direction that the CSRS has taken over the last few years to ensure 
that its work is guided by a clear vision.  Additionally, we value the increased collaboration taking 
place with other international organizations, PICES in particular, and encourage seeking more oppor-
tunities for cooperation in the future.

With respect to this Commission’s enforcement activities, we know from sightings in recent years, 
including in 2013, that the threat of IUU fishing for salmon in the North Pacific Ocean persists. While 
our enforcement activities have proven to be an effective deterrent over the past 21 years, we must 
remain vigilant as crew members on IUU vessels try and find ways to avoid apprehension and con-
tinue fishing.  Continued and strengthened enforcement collaboration between the NPAFC and other 
North Pacific organizations will ensure the effective and efficient use of resources in pursuing this 
goal of eliminating IUU fishing in the North Pacific.

I would like to take this opportunity to extend a specific thank you to Japan for their continued support 
in providing a staging location for our CP-140 Aurora patrol aircraft again this year.  Staging these 
patrols out of Japan allo ws us to increase surveillance coverage of the Convention Area and, there-
fore, enhances our enforcement capability.  It also demonstrates an excellent example of cooperation 
in this Commission.  

 I would like to close by formally, and in person, welcoming Vladimir Radchenko to the NPAFC. To 
date, I’ve had the pleasure of meeting and working with Vladimir for the virtual meetings in the fall. I 
greatly appreciate the contributions he has made thus far, and look forward to continuing this fruitful 
relationship. Canada looks forward to a productive week ahead working with all of you. 
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Mr. Junichiro Okamoto, Head of the Japanese delegation, addressed the session as 
following:

Mr. President, delegates, observers, and ladies and gentlemen, 
on behalf of the Japanese delegation, I would like to express 
our gratitude to the Government of the United States for hosting 
the 22nd Annual Meeting of the NPAFC in this beautiful city of 
Portland, Oregon.

Since the inception of NPAFC, the Parties have worked passion-
ately under the Convention in both enforcement and scientific 
research to promote the conservation of anadromous stocks in 
the North Pacific.

Under the framework we have in place for information exchange 
among the Parties, enforcement activities have been carried 

out with efficiency and effectiveness. Our proactive enforcement activities through swift information 
exchange have allowed us to enjoy many great achievements.

On the scientific research front, in accordance with the NPAFC Science Plan, a variety of valuable 
research activities are being implemented through the cooperation among the Parties.  Japan, on its 
part, has continued its effort to develop and conduct the best possible research that is useful.  We 
are committed to continuing our efforts as we deepen our cooperation with our partner countries, and 
other international organizations.

While a fiscal crisis was averted by raising the annual contributions of the Parties in 2010 from 
Cdn$145,000 to Cdn$180,000, given the various factors surrounding the Commission, our long-term 
fiscal health remains a concern.  Therefore, we must continue to review Commission activities and 
find ways to make them more efficient every step of the way. 

I would like to take this opportunity to offer our sincere condolences to our colleagues from Korea for 
the loss sustained when the ferry Sewol sank on April 16 and many lives were lost.

I would also like to pay tribute to Dr. Belyaev, President of the NPAFC and chairmen of its three com-
mittees.  With your superb leadership, we have no doubt that we can look forward to smooth and 
efficient deliberations at this Annual Meeting.  I assure you our full cooperation to that end.

Let me also say “thank you” to the staff of the Secretariat, who do so much for the NPAFC day in and 
day out. It goes without saying that it is the hard work of Dr. Vladimir Radchenko and his staff that en-
ables us to make our work meaningful and sustainable.  We deeply appreciate Dr. Radchenko for his 
dedication.  Finally, let me thank the interpreters for their service during this conference.

Now, allow me to introduce our members. First, this is Mr. (Shigeto) Hase, who along with me, serves 
as a Japanese government delegate.  We are supported by Mr. (Ichiro) Koga and Mr. (Takeshi) Sato 
from the Japan Fisheries Agency.  From the Fisheries Research Agency, we have Dr. (Toru) Naga-
sawa, Dr. (Shigehiko) Urawa, Dr. (Toshihiko) Saito, Dr. (Shupei) Sato, and Dr. (Yasuo) Tomida.

Finally, Mr. President, let me conclude my remarks with best wishes for a very fruitful meeting.  Thank 
you.
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Mr. Jeongseok Park, Head of the Korean delegation, addressed the session as 
following:

Good morning, President of the NPAFC, Dr. Vladimir 
Belyaev, distinguished delegates, ladies and gentlemen 
and observers.

First of all, on behalf of the Korean delegation, I would 
like to express our sincere appreciation to the govern-
ment of the United States and its colleagues for the 
warm hospitality and hosting the 22nd Annual Meeting 
of NPAFC in a beautiful city of Portland in the United 
States.   The Korean delegation would also thank the 
Executive Director, Dr. Vladimir Radchenko and the 
Secretariat staff members for logistic arrangements and 
preparation of this meeting.

I am Jeongseok Park, working for the International Co-
operation Division, Ministry of Oceans and Fisheries (MOF) of the Republic of Korea. As you might be 
aware, Ministry of Oceans and Fisheries has been re-established in March 2013 through the govern-
mental reorganization. Taking this opportunity, I would like to stress that our Ministry will continue its 
effort to strike the balance between effective conservation of marine ecosystem and sustainable use 
of fish stocks in the long-term while we make commitment to fight against IUU fishing.

I would also like to inform you that the Republic of Korea has amended its domestic “Distant Sea 
Fisheries Act” that stipulates more strict measures including severe financial and administrative 
sanctions to be imposed to the vessels which are engaged in IUU fishing activities. According to the 
amended Distant Sea Fisheries Act, as of 31 January 2014, the Republic of Korea has entered into 
force its Port States Measures and implemented this measures which applies to foreign fishing ves-
sels that are presumed to be engaged in illegal salmon fishing in order to ensure eradication of IUU 
fishing and the conservation of anadromous stocks in the NPAFC Convention Area. As you might be 
aware, Korea had conducted a limited port inspection on the fishing vessel, Avid, and the carrier ves-
sel, Bellatrix, which were involved in illegal salmon fishing in the Pacific Ocean in 2010 with an effec-
tive and efficient information exchange among NPAFC members. As a result, we had confiscated the 
salmon fish coming from these vessels at that time. 

Particularly, according to this Act, we are now able to conduct Port State Measures on specific ves-
sels upon the request of port inspection from an international organization such as NPAFC or the third 
Party. In addition, the Republic of Korea has conducted enforcement activity using a patrol vessel 
and an aircraft in some part of NPAFC Convention Area in 2013. Even though it was a limited scope 
of enforcement activity, I believe that this will be a good starting point to participate in well-organized 
and collaborative enforcement activities with other members.

With regard to the enhancement production of salmon resources, the Republic of Korea believes 
that more scientific research activities and information exchange among members will be required, in 
particular, through the 2011-2015 NPAFC Science Work Plan. The Republic of Korea will continue to 
make effort for enhancement production of salmon resources and more active scientific information 
exchange on migratory routes of salmon stock and at the same time for conservation of salmon re-
sources on the highsea. Through wide and deep scientific activities in NPAFC, the Republic of Korea 
would like to utilize the scientific management skills and methods of the NPAFC as one of the Korean 
salmon resources managements.
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Lastly, I sincerely look forward to seeing fruitful and constructive discussion and results of the 22nd 
Annual Meeting of the NPAFC.

Thank you very much.
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Dr. Mikhail Glubokovsky, Head of the Russian delegation, addressed the session as 
following:

Dear Mr. President! Distinguished delegates!

On behalf of the Russian Delegation, I greet 
you on the 22nd Session of NPAFC. First, 
I would like to thank the Secretariat and 
Executive Director of our Commission, Dr. 
Vladimir Radchenko, for arranging our meet-
ing. I want to express my sincere gratitude 
to the American Party for the opportunity to 
meet in the beautiful city of Portland.

We cooperate within NPAFC during 22 
years, united by a common purpose and 
goodwill. Over the years, much was done 
to combat illegal fishing on Pacific salmon 
in the high sea, as well as to acquire knowl-

edge on Pacific salmon conditions of existence and survival.

Cooperation between scientists of our countries has raised our understanding on the Pacific salmon 
oceanic life to a new level. NPAFC has undertaken much to promote scientific achievement. Confer-
ences and symposia, conducted under NPAFC, published collections of scientific papers have taken 
a worthy place in the international scientific language.

Today, we are ready to sum up some final results of the 2013 Pacific salmon fishing season in Russia. 
The harvest levels exceeded more than 400,000 tons. Of course, yield is far from the record catches 
in 2009 and 2011, but this year’s occurrence is also a very significant one. At the same time, sock-
eye and chum salmon harvests in 2013 were the highest for the entire observation period. We have 
submitted data on the Russian catches of the Pacific salmon and release of its juvenile from Russian 
hatcheries in 2013 to the Commission.

This is the first time we hold the session in spring, during the rebirth of nature, which, of course, has a 
beneficial effect on all participants of the 22nd Session.

I anticipate a productive work during the 22nd Session of NPAFC.
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Mr. Douglas Mecum, Head of the United States delegation, addressed the session as 
following:

Mr. President, Distinguished Delegates, Observers, Ladies and 
Gentlemen,

My name is Doug Mecum, and I am head of the U.S. Delega-
tion and the National Marine Fisheries Service Deputy Admin-
istrator for the Alaska Region.  Welcome to Portland, Oregon! 
Portland is affectionately called the City of Roses, so named 
because of its many rose gardens, and Beertown, because it 
is home to more than 60 breweries--more than any other city in 
the world.  However, Pacific salmon is the subject of our work 
here this week and Portland is the ideal place to resume our 
Annual Meetings.  Portland is located just south of the conflu-
ence of the Willamette River--just a few blocks west of this 

hotel--and the Columbia River, and only 112 kilometers from the Pacific Ocean.  Salmon have histori-
cally played an important role in the development of this area; salmon were central to the culture of 
the region’s natives, both as sustenance and as part of their religious beliefs.  In prehistoric times, the 
Columbia’s salmon and steelhead runs numbered an estimated annual average of 10 to 16 million 
fish.  

Today, salmon and steelhead fishing continues to be the preferred livelihood for many Pacific North-
west tribes.  These species also support economically important commercial and recreational fisher-
ies throughout the region.  In 2014, fishery managers are forecasting a return of more than 1.6 million 
Columbia River fall chinook salmon, the largest return since record keeping began in 1938, as well as 
an abundant return of coho salmon.  Although 2014 forecasts for steelhead are not yet available, total 
returns of upriver summer steelhead to the Columbia River in 2013 (~232,000 fish) were only 68% 
of the forecast.  Poor performance of the 2013 forecast was likely due to lower than expected ocean 
survival of the hatchery component of the run. Research under the NPAFC Science Plan can contrib-
ute to improving our understanding of the mechanisms underlying these and other recent examples 
of dramatic and sometimes unexpected fluctuations in abundance and ocean survival of salmon and 
steelhead.  

Understanding and addressing climate change is a priority of the United States.  We are well aware 
that the Arctic Ocean is rapidly warming and that ocean environments are changing in uncertain ways 
that will affect salmon populations throughout their migrations and the communities that depend on 
them.  To achieve responsible stewardship of Pacific salmon resources during these changing con-
ditions, our scientists must cooperate and pool their talents to solve shared salmon research and 
management challenges.  The NPAFC was one of the first regional fisheries bodies to recognize the 
importance of climate impacts on Pacific salmon production in the North Pacific and Bering Sea. 

U.S. scientists will be conducting four fish and oceanographic surveys this year including: inside 
waters of Southeast Alaska, the continental shelf of the Gulf of Alaska, the southeastern Bering Sea 
- BASIS, and the northeastern Bering Sea - BASIS.  Our northeastern Bering Sea cruise is part of a 
3-year collaborative research project between the Alaska Department of Fish and Game and Auke 
Bay Laboratories to improve our understanding of the impact of climate variability and change on 
Yukon River Chinook salmon.

We continue to place high priorities on salmon and steelhead genetics and otolith marking of salmon.  
These studies track ocean migrations of salmon and steelhead and provide our domestic
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fisheries management agencies information to assess the impacts of salmon bycatch in the oceans 
on coastal areas.  We will again coordinate exchanges of biological specimens at this meeting to 
continue to build the baseline genetic profile of Pacific salmon stocks from key spawning grounds 
throughout the north Pacific Rim.

On the enforcement front, the 2013 joint enforcement season was very successful.  The United States 
thanks all of the Parties for their high level of cooperation, especially for providing aircraft and surveil-
lance support during U.S. Coast Guard Cutter Munro’s patrol in the Convention Area during Operation 
North Pacific Guard.  Communication is the key to the success of our enforcement program.  The 
United States hosted monthly enforcement conference calls which contributed greatly to the ability for 
all NPAFC partners to coordinate enforcement efforts within the NPAFC Convention Area by focusing 
efforts on multiple areas.  

Multilateral cooperation between NPAFC partners led to the 3rd seizure of a suspected IUU vessel 
in as many years with the interception of the Panamanian flagged Tai Ji.  This case highlights the 
multilateral collaboration and partnerships necessary to achieve operational success focused on 
eradicating the threat of illegal, unreported, and unregulated (IUU) fishing activity in the North Pacific 
Ocean.  The United States looks forward to hearing from our Russian colleagues on the results of this 
collaboration.

The United States notes that the close working relationships the Parties have developed as a result 
of annual NPAFC and EECM meetings have been absolutely critical to the successful planning and 
implementation of joint patrol efforts.  This NPAFC best practice should be celebrated and continued.  
To highlight this point, in 2014 coordinated patrol efforts include Canadian and U.S. flights staging out 
of Japan and the USCG Cutter Morgenthau’s current high seas patrol.  

We anticipate a productive week ahead and look forward to renewing and strengthening our relation-
ships within the NPAFC, its committees, and the Parties.   I also hope that time will permit you to 
enjoy the many amenities of Portland.  
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Dr. Elizabeth Logerwell, observer from the North Pacific Marine Science Organization 
(PICES), addressed the session as following:

Good afternoon,

My name is Elizabeth Logerwell.  I would like to thank the 
NPAFC and the host country, U.S.A., for inviting me and 
providing an opportunity to speak with you all. I am here to 
represent PICES - North Pacific Marine Science Organiza-
tion. I am chair of the PICES Fishery Science Committee 
and a member of the Science Board. I am pleased with 
the amount of collaboration that has existed between our 
organizations and I am looking forward to our future col-
laborations. 

NPAFC and PICES are both inter-governmental organizations with overlapping geographical areas 
and common interests in the sub-Arctic regions of the North Pacific Ocean. Both organizations have 
responsibilities to promote and coordinate marine scientific research and to promote exchange of 
information. 

NPAFC brings expertise in salmonid science to the table, and PICES brings expertise in ocean cli-
mate and ecosystem dynamics. To further promote collaboration between our two organizations, Jim 
Irvine and I chaired a Study Group of NPAFC and PICES members. This Study Group wrote a Frame-
work for increased cooperation between the organizations, which we will present on Tuesday after-
noon for your consideration. I have recently returned from the PICES Intersessional Science Board 
meeting and there was strong support for the Framework and for cooperation between our two organi-
zations in general. 

I will close by reminding you that the PICES Annual Meeting will be held in October, in Yeosu, Korea, 
and I sincerely hope that someone from NPAFC will be able to attend and represent your organiza-
tion. Thank you. 
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5. Executive Director’s Report

The report (NPAFC Doc. 1498) was submitted to the Parties prior to the meeting on March 11, 2014.  
At that date, it described some events and activities of 2014 as planned to be conducted.  
Report reviewed status of implementation of the Commission’s decisions and the committees’ recom-
mendations, approved by the Commission at the Twenty-first Annual Meeting, information on coop-
eration with relevant international organizations, description of Commission’s activities in fields of 
enforcement and scientific research and statistics, and summary on Secretariat’s performance includ-
ing management of the Commission’s funds.  

a) Enforcement 

In accordance with the decision of the Commission at the 2013 Annual Meeting, the Committee on 
Enforcement met virtually on March 11-14, 2014, with Mr. Jeongseok Park of the Republic of Korea 
as the Chairman.  The Parties scheduled ship and aircraft patrols to ensure broad coverage in the 
Convention Area by emails.  Based on the Parties’ contributions, the Secretariat compiled a combined 
patrol scheme for 2014.  The EECM/Patrol schedule meeting report was submitted to the Commis-
sion for approval in May 2014.
Fishing activities for Pacific salmon in violation of the provisions of the NPAFC Convention were not 
detected in the NPAFC Convention Area in 2013.  The suspected IUU-fishing vessel Yin Yuan, which 
had been found violating several high seas fishing conventions, was sighted and apprehended in May 
2014.

b) Science and Statistics

The following progress on the 20th Anniversary Publication on salmonid fish with the working title, 
“Life Histories of Pacific Salmon and Trout in the Ocean Ecosystems” has been made since Septem-
ber 2013.  Three chapters (coho, steelhead and coastal cutthroat) have come back from peer review.  
The chapter on pink salmon was in the final stage of preparation and, then, sent for peer review in 
a late March 2014.  Sections of the chapter on methods have been drafted and will be sent out for 
review in the next spring, and four other chapters were at various stages of preparation.  After con-
sultations with Chief Editor, the deadline for manuscript submission was established as September 1, 
2014.  That expedited preparation of chapters but not enough.  Anticipated date of completion needs 
to be adjusted.  

A new statistical database that combined commercial catches and hatchery releases from the CSRS 
Working Group on Stock Assessment with sport and subsistence catches from INPFC and NPAFC 
statistical yearbooks was developed by Ms. Gladys Oka (University of British Columbia) and the Sec-
retariat.  The new database is designed to provide a time series of data organized in a fashion that 
enables users to download the time series at once, rather than downloading data year-by-year.  Re-
quests for supplemental information have been made to the Parties, and some information has been 
provided, although not all requests have been fulfilled.  The goal for completion was the summer of 
2014.  Metadata are presented in a document prepared by the Secretariat.  

The Transfer Data Storage Tag Data Files project was conducted by Mr. Robert Walker (University of 
Washington, retired), who provided raw and interpreted data obtained from data storage tags recov-
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ered from salmon and steelhead.  This database includes approximately 76 data storage tags as well 
as information for 10 data storage tags, which failed to download properly.  Metadata was compiled 
for each tag data file and an informational working document is being prepared to document possible 
data problems and listing publications and reports related to the tags.  The project was completed in 
spring 2014. 

NPAFC Technical Report 9 is a compilation of extended abstracts submitted by oral and poster pre-
senters of the 3rd International Workshop on “Migration and Survival Mechanisms of Juvenile Salmon 
and Steelhead in Ocean Ecosystems”.  This workshop was held immediately following the CSRS 
meeting in Honolulu, April 25-26, 2013.  On December 9, 2013, preparation of the Technical Report 
9 was completed and it was announced by Circular Letter No. 307.  It is available online from the 
NPAFC website.  After the uploading, Technical Report 9 web page had 353 views in December 2013 
- January 2014.  Later, the quarterly rate of viewing decreased to 35-50 visits in 2014.  

The Secretariat prepared a five-page outline to initiate discussion inside the International Year of the 
Salmon feasibility study group, which was formed under the aegis of the Committee on Scientific 
Research and Statistics.  After consultation and concurrence with the initiator of this idea, Richard 
Beamish, the document was sent to the feasibility group chairperson, Mark Saunders.  Preparation of 
the first draft of a short clear prospectus that more fully describes the initiative and possible timeline 
was completed prior to the 22nd NPAFC Annual Meeting.  The prospectus formulated the main objec-
tives, establishes key themes to be studied, and lists potential events and activities.

c) Cooperation with relevant international organizations

Several important steps were made for the further development of NPAFC-PICES cooperation.  
The NPAFC-PICES Study Group was established in 2013 by both organizations to develop a frame-
work for enhanced scientific cooperation between PICES and NPAFC.  In 2013-2014, the Study 
Group has been drafting a cooperative Framework for Enhanced Scientific Cooperation in the North 
Pacific Ocean (Appendix 2), which identifies two major scientific topics of joint interest: 

•	 effects of climate change impacts on the dynamics and production of Pacific salmon populations; 
and

•	 oceanographic properties and the growth and survival of salmon.

Collaborative mechanisms include joint working groups, joint workshops and symposia, theme ses-
sions, and joint strategic initiatives.  

The framework was considered by the inter-sessional meeting of the PICES Science Board in April 
2014 and at the May 2014 NPAFC Annual Meeting.  The PICES finally approved a framework by 
email prior to the 2014 PICES Annual Meeting in October.  
  
Joint NPAFC-PICES Workshop during the 2014 PICES Annual Meeting, “Linkages between the winter 
distribution of Pacific salmon and their marine ecosystems and how this might be altered with climate 
change”, was intended to build on recommendations from a report prepared by the NPAFC/PICES 
Study Group in the spring of 2014.  Of the many topics of overlapping interest between the two orga-
nizations, it was envisaged that this workshop would focus on one question: Where do Pacific salmon 
go in the winter and why, and how might this be affected by climate change?  James Irvine (NPAFC) 
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and Elizabeth Logerwell (PICES) will serve as co-convenors.  Hiromichi Ueno (Hokkaido University, 
Japan, PICES) and Katherine Myers (retired from University of Washington, United States, NPAFC) 
are invited to speak at the workshop.  Approximately 28 people heard 11 oral presentations and 
contributed to active discussions throughout the day on topics related to what is known about winter 
distribution of salmon and what adjustments might be expected with climate change.

There have been preliminary consultations with the PICES Executive Secretary with regards to poten-
tial PICES participation in the 2015 NPAFC Symposium and NPAFC participation in 2015 ICES/IOS/
PICES Symposium.  After the Commission’s decision to invite PICES to co-sponsor the 2015 NPAFC 
Symposium, the exact form of participation was considered by PICES at their 2014 Annual Meeting.  
Later, PICES decide to be a co-sponsor of the 2015 NPAFC Symposium by supporting participation 
of three invited speakers who are experts in ocean and climate dynamics, oceanography, and model-
ling.  

The Secretariat maintained NPAFC cooperation with UN and FAO.  

In December 2013, NPAFC participated in preparation of the FAO-FIPI comment to the Global Ocean 
Commission’s Policy Options Paper # 9 Reform of high seas fisheries management.  Preconceived 
opinions on structural and governance weaknesses associated with RFMOs were controverted.  In 
the case of NPAFC, Pacific salmon stock conditions and the situation with IUU fishing are substantial-
ly improved after the prohibition of directed fishing for anadromous stocks in the North Pacific Ocean.  
Average annual Pacific salmon catch increased from 412,380-464,100 metric tons in the 1950s-
1970s to 855,900-905,800 metric tons in the 1990s-2000s.  Numbers of vessels conducting illegal 
driftnet fishing operations for salmon in the NPAFC Convention Area has decreased substantially 
since the late 1990s.  For example, 6-11 were detected and 2-4 were apprehended in the late 1990s 
but in the last five years, annual detections/apprehensions has been reduced to one or nil despite 
maintaining high enforcement efforts throughout the year.  It was considered that report required sig-
nificant revision, especially in its recommendations, and recommended that it would be substantially 
improved, if elaborated with the corresponding FAO bodies.

In February 2014, the FAO-FIPI informed NPAFC and other RFMOs of FAO’s current initiative on 
Blue Growth, which will be central theme of the COFI-31 meeting in Rome in June 2014.  RFMOs 
were requested to provide information how they are attempting to address the key subject of this ini-
tiative: to provide better global food security through fisheries management.  The Secretariat promptly 
submitted a one-page summary on the “NPAFC Role in Implementing the Blue Growth Strategy”.  
Pacific salmon significance for the dietary, social, and cultural needs of coastal societies around 
the North Pacific Rim was emphasized in the summary and brief descriptions provided how NPAFC 
promotes conservation and sustainability of anadromous stocks through fisheries enforcement and 
scientific research.  NPAFC also participated in answering a questionnaire related to the RFMOs’ 
external Performance Review.  

In December 2013, Mr. Serpa Soares, Under-Secretary-General for Legal Affairs and United Nations 
Legal Counsel, requested NPAFC to present an executive summary on seafood role in global food 
security as a contribution to the Part I of UN Secretary-General Report on “Oceans and law of the 
sea”.  The Secretariat has submitted information regarding relevant NPAFC activities and relevant 
matters, which may require further consideration, with an emphasis on areas where coordination 
and cooperation at the intergovernmental and inter-agency levels could be enhanced.  Because an 
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RFMO’s activity lacks public feedback to some degree, the 
great importance of outreach and capacity-building initiatives 
was emphasized.  A future world ocean-scale information and 
management network will need enabling mechanisms to sup-
port consultation with other organizations, ventures, and the 
public on issues related to conservation and management of 
marine biological resources for mutual benefit.  Our recom-
mendation was to begin discussions on the capabilities and 
design of a large-scale information network and to explore a 
system for cooperation and coordination that would operate 
within the network.

The Secretariat also completed a requested translation of the 
English summary of this information into Russian and submit-
ted it before the requested deadline.

In December 2013, COFI distributed a questionnaire on a 
monitoring the implementation of the 1995 Code of Conduct 
for Responsible Fisheries (CCRF), the International Plans of 
Action on Capacity, Sharks, Seabirds, Illegal, Unreported and 
Unregulated Fishing and the Strategies for Improving Infor-
mation on Status and Trends of Capture Fisheries and Aqua-
culture.  There were 10 sets of questions related to fisheries 
management plans, managed fishery stocks, precautionary 
approach and management measures, vessel monitoring 
system, bycatch management, data sources, and International 
Plans of Action (IPOAs) and Strategy adopted by the FAO 
Council.  The Questionnaire was immediately completed and 
submitted to the COFI Secretariat.  Acceptance of submitted 
information was acknowledged.  

The Secretariat staff participated in the 23rd PICES and the 
29th Pacific Salmon Commission (PSC) annual meeting, as 
well as in the 18th Korean Academy of Science and Technol-
ogy (KAST) International Symposium. 

d) NPAFC Performance Review

Most of recommendations included in the List of Actions (LoA) 
on the Prioritized Recommendations from the NPAFC Per-
formance Review Report (PRR) are completed.  Two other 
actions are in progress under supervision of the Committee on 
Enforcement.  Updated report on the progress of implementa-
tion of the LoA from the 2014 Annual Meeting is posted on the 
Commission’s website (Appendix 3)

List of Actions on Prioritized Recommendations from the NPAFC Performance Review Report
Committee on Scientific Research and Statistics (CSRS)

Recommendation # Recommendation by 
PRC

Decisions by CSRS

2011 2012 2013 2014

2

Data in the Statistical 
Yearbook should be 
made available in true 
electronic formats.

The Secretariat will develop options and 
costs for making data available in electron-
ic form and will develop an implementation 
plan in cooperation with the WGSA by the 
2012 Annual Meeting. 

Creation of a single 
NPAFC statistical 
data file (1926-2011) 
to replace the statisti-
cal yearbooks and the 
WGSA time series data 
files was approved. The 
task is scheduled to be 
completed by May 2014. 

In progress

Work on creating the 
single NPAFC Statistics 
data file is ongoing in 
2013.

 
 

 
In progress

NPAFC Unified Sta-
tistical Data Files are 
uploaded on the Com-
mission’s website

  

Completed

3

Reporting of non-anad-
romous species in the 
Statistical Yearbook 
should be discontin-
ued.

Tables on non-anadromous species in the 
Statistical Yearbook, i.e., Tables 32-37, on 
the web site and in the hard copy will no 
longer be included, effective immediately.

Statistical Yearbook 
tables on non-anadro-
mous species (Tables 
32-37) have been elimi-
nated. 

Completed

5

Periodic comprehen-
sive overviews and 
reports of North Pacific 
salmonid stock status 
should be continued.

The WGSA agreed to reassessments 
approximately every 5 years and data up-
dates (not analysis or text) approximately 
every two years.  Next data update is 
planned for 2012.

Data update was re-
ported in NPAFC Doc. 
1422 at the 2012 CSRS 
meeting. Reassess-
ments will be reported 
approximately every 
5 years and updates 
reported approximately 
every 2 years.

Completed

 

6

The Commission 
should re-visit and 
re-assess the CSRS 
Terms of Reference 
and the need for 
the current working 
groups. How do they fit 
in with the future vision 
for NPAFC-coordinated 
research?

The CSRS supports the recommendation.  
CSRS PoCs with assistance of the Sec-
retariat and in consultation with working 
groups (WGs) assess the existence of 
WGs and examine the CSRS and WGs 
ToRs.  The purpose will be a simultaneous 
implementation of recommendations #6, 
14, 16, and 21.  This includes consider-
ation of a preamble to CSRS ToR, revise 
the CSRS ToR, associate CSRS agenda 
items with its ToR; need for current WGs, 
and creation/updating of ToR for all the 
sub-committees and WGs.  A report will be 
drafted by the Secretariat in cooperation 
with the CSRS PoCs and WGs that sum-
marizes the revised structure (if any) of 
sub-committees and WGs and the updated 
ToR for the CSRS and WGs.  This report 
will be placed on the CSRS webpage as 
a working document by mid-September 
2012.  The working document will be 
discussed and revised, if necessary, by the 
CSRS at the 2012 Annual Meeting.  

Revised ToR for the 
CSRS, Science Sub-
Committee, and WGs 
were adopted at the 
2012 Annual Meeting.  
The revised Terms of 
Reference for these 
groups were listed in 
Doc 1441 Appendix 2 
and implemented at the 
close of the 2012 Annual 
Meeting.  The potential 
WGs reorganization will 
be considered as appro-
priate in the future. (See 
also #14, 16, 21)

Completed
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List of Actions on Prioritized Recommendations from the NPAFC Performance Review Report
Committee on Scientific Research and Statistics (CSRS)

Recommendation # Recommendation by 
PRC

Decisions by CSRS

2011 2012 2013 2014

2

Data in the Statistical 
Yearbook should be 
made available in true 
electronic formats.

The Secretariat will develop options and 
costs for making data available in electron-
ic form and will develop an implementation 
plan in cooperation with the WGSA by the 
2012 Annual Meeting. 

Creation of a single 
NPAFC statistical 
data file (1926-2011) 
to replace the statisti-
cal yearbooks and the 
WGSA time series data 
files was approved. The 
task is scheduled to be 
completed by May 2014. 

In progress

Work on creating the 
single NPAFC Statistics 
data file is ongoing in 
2013.

 
 

 
In progress

NPAFC Unified Sta-
tistical Data Files are 
uploaded on the Com-
mission’s website

  

Completed

3

Reporting of non-anad-
romous species in the 
Statistical Yearbook 
should be discontin-
ued.

Tables on non-anadromous species in the 
Statistical Yearbook, i.e., Tables 32-37, on 
the web site and in the hard copy will no 
longer be included, effective immediately.

Statistical Yearbook 
tables on non-anadro-
mous species (Tables 
32-37) have been elimi-
nated. 

Completed

5

Periodic comprehen-
sive overviews and 
reports of North Pacific 
salmonid stock status 
should be continued.

The WGSA agreed to reassessments 
approximately every 5 years and data up-
dates (not analysis or text) approximately 
every two years.  Next data update is 
planned for 2012.

Data update was re-
ported in NPAFC Doc. 
1422 at the 2012 CSRS 
meeting. Reassess-
ments will be reported 
approximately every 
5 years and updates 
reported approximately 
every 2 years.

Completed

 

6

The Commission 
should re-visit and 
re-assess the CSRS 
Terms of Reference 
and the need for 
the current working 
groups. How do they fit 
in with the future vision 
for NPAFC-coordinated 
research?

The CSRS supports the recommendation.  
CSRS PoCs with assistance of the Sec-
retariat and in consultation with working 
groups (WGs) assess the existence of 
WGs and examine the CSRS and WGs 
ToRs.  The purpose will be a simultaneous 
implementation of recommendations #6, 
14, 16, and 21.  This includes consider-
ation of a preamble to CSRS ToR, revise 
the CSRS ToR, associate CSRS agenda 
items with its ToR; need for current WGs, 
and creation/updating of ToR for all the 
sub-committees and WGs.  A report will be 
drafted by the Secretariat in cooperation 
with the CSRS PoCs and WGs that sum-
marizes the revised structure (if any) of 
sub-committees and WGs and the updated 
ToR for the CSRS and WGs.  This report 
will be placed on the CSRS webpage as 
a working document by mid-September 
2012.  The working document will be 
discussed and revised, if necessary, by the 
CSRS at the 2012 Annual Meeting.  

Revised ToR for the 
CSRS, Science Sub-
Committee, and WGs 
were adopted at the 
2012 Annual Meeting.  
The revised Terms of 
Reference for these 
groups were listed in 
Doc 1441 Appendix 2 
and implemented at the 
close of the 2012 Annual 
Meeting.  The potential 
WGs reorganization will 
be considered as appro-
priate in the future. (See 
also #14, 16, 21)

Completed
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e) Publications

The following publications were produced during the reported period:

•	 Records of the Annual Meeting 2013 (in print);

•	 Annual Report 2013 (on CD-ROM and website);

•	 Technical Report No. 9 (on the website);

•	 Newsletters No. 35, 36 (on the website);

The website has been kept up to date and webpages enhanced.

f) Management of the Commission’s money 

As reported in Doc. 1481 for the 21st Annual Meeting, the 2012/2013 fiscal year ended with a surplus 
of $45,036 instead of a budgeted surplus of $20,200. 

The balance of the Working Capital Fund as of June 30, 2013 is $463,654 (June 30, 2012 - 
$469,355).  The balance of the Special Fund for Scientific Research is $82,584, as of June 30, 2013 
(June 30, 2012 - $95,117).  New figures for 2013/2014 fiscal year became available in August 2014 
after the completion of the auditing.  As reported in Doc. 1551 “Details of Items in the Auditors’ Report 
(NPAFC Doc. 1550)”, the 2013/2014 fiscal year ended with a surplus of $151,618 instead of a budget-
ed surplus of $99,000.  In other words, the financial situation of the commission is sound and stable 
for the years ahead.

The Secretariat prepared a proposal on the New timing for approval of the Budget, related to the shift 
in Annual Meeting to May.  After consultation and concurrence with the F&A Chairman, Gary Smith, 
the Secretariat proposed that the Budget Projection (Appropriation) for the ensuing fiscal year and the 
Budget Estimate for the following fiscal year will be reviewed/adopted by the Commission prior to the 
submission of the Auditor’s Report for the previous fiscal year.  When the Auditor’s report becomes 
available in August, the Secretariat will submit it together with the detailed explanation document to 
the F&A Points of Contact by email.  The Secretariat may submit a revised Budget Projection and 
Budget Estimate at the same time, if any revision will be needed. 

g) Secretariat’s performance

During the reporting period, all Secretariat staff members performed their duties in accordance with 
the Rules of Procedure, Financial Rules, Staff Rules, individual working plans, updated job descrip-
tions and decisions of the Commission.  At completion of the 2013/2014 fiscal year, the performance 
and professional development plan of the Executive Director was be reviewed.  

The employment of Secretary Ms. Betty Kao was terminated because of her health condition on 
March 31, 2014.  Ms Joyce Tang was temporarily hired as Secretary on February 11, 2014, and for 
the permanent position – on July 1, 2014.
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6. Consideration of Enforcement
The Commission received from Mr. Jeongseok Park, 
Chairperson of the Committee on Enforcement (ENFO), 
the Report of the ENFO (Doc. 1544), which contained 
information relative to agenda item 7.  After review, the 
Commission adopted the ENFO report, including its 
recommendations.

• Enforcement activities in 2013

Canada (Doc. 1537)

In 2013, Canada staged CP-140 patrol flights out of Hakodate, Japan, from 17 August through 7 
September 2013.  Fisheries Agency of Japan Officers participated in one of the Canadian patrols 
during the 2013 deployment.  Japan Coast Guard (JCG) aircraft also conducted a number of patrols 
during this deployment. Canadian patrol areas were determined based on the increased probability 
of salmon distributions along specific thermoclines, sea surface temperatures, and historical salmon 
migration patterns from the 2013 Threat Assessment prepared by the United States Coast Guard 
(USCG).

238 of 1691 vessels were recorded in the High Threat Area in 2013. As in past years, Canadian pa-
trols were conducted when possible to support the USCG surface assets.  In 2013, aerial coverage 
and hours flown by Canadian aircraft increased over previous years. The presentation identified the 
total areas patrolled in the Convention Area for 2012 and 2013.

Japan (Doc. 1497)

Japanese enforcement activities were conducted by the Fisheries Agency of Japan (FAJ) and the Ja-
pan Coast Guard (JCG) during the 2013 season as follows: Citation V (FAJ), patrolled for 124 hours 
from 13 May to 12 December 2013 sighting 48 vessels in total; and Gulf V (JCG) conducted air patrol 
for 16 hours on 21 and 22 August. 

The FAJ patrol vessel conducted patrols for eight days from 25 August to 1 September.  No drift net 
fishing vessel was observed. 

During the air patrols conducted by the CP-140 of DFO Canada using Hakodate Airport in Japan, two 
FAJ authorized Fisheries Supervisors went on board on 30 August and cooperated with Canadian 
officials.  JCG also conducted two air patrols by Gulf V with a USCG observer in support of the USCG 
Cutter Munro.

Korea (Doc. 1541)

Korea conducted its enforcement activity in the Convention Area with one Korea Coast Guard (KCG) 
patrol vessel 3012 and one aircraft B-513 in the NPAFC Grid areas of E-7D and E-7E for three days 
on 31 May, 1 June, and 2 June 2013.  No suspected HSDN activity was sighted during the mission.
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Russia (Doc. 1539)

AN-72 conducted 10 aerial patrols, for a total 32 hours in the North Pacific:

• From Kamchatka Directorate: six aerial patrols for 26 hours

• From Sakhalin Directorate: four aerial patrol for six hours.

Four surface assets were deployed within the NPAFC Convention Area for 28 days.  No vessels of 
interest engaged in driftnet fishing were detected.

The Kamchatka Border Guard conducted one joint patrol mission with US Coast Guard Cutter Munro 
in July 2013.  Bilateral meetings and regular information exchanges continued between USCG, D17 
and Kamchatka Border Guard as a result of the seizure of Tai Ji.  After prolonged chase of the Tai Ji, 
the vessel was seized and her master, upon court decision, was fined $100,000.  The catch was given 
to agriculture authorities for disposition. 

In 2013, about 50 foreign vessels were detained in Russian EEZ in the North Pacific.  They were 
mostly vessels of Cambodia, Panama, Sierra Leone, and Belize.  The Russian Border Service of Fed-
eral Security Service (FSB) continued cooperation with the Government of Cambodia and found the 
cooperation successful.  Russia plans to hold another meeting with Cambodia on 23 May and con-
tinue to raise emerging issues.  Russia indicated that Cambodia has made a commitment to provide 
updates on vessels suspected of IUU fishing.

United States (Doc. 1538)

The USCG conducted 26 flights for a total of 202 hours by HC-130.

In June, a HC-130 deployed out of Shemya Island and USCG Cutter Munro conducted an 81-day pa-
trol from 27 June through 15 September for operation North Pacific Guard.  It was also supported by 
the deployments of a CP-140 of Canadian Department of Fisheries and Oceans Canada (DFO) and 
Department National Defense (DND) from Hakodate, Japan, in late August and early September un-
der the tactical control of USCG, D17.  During the deployment, two DND officers and one DFO officer 
were assigned to the USCG, D17 office in Juneau providing real time surveillance of the Convention 
Area in the North Pacific.  JCG aircraft patrolled the Convention Area and coordinated surveillance 
efforts with Munro in August.

Six Fishery Law Enforcement Command (FLEC) officers from People’s Republic of China were on-
board Munro during operation North Pacific Guard.  Having the FLEC shipriders on board extensively 
expanded the jurisdictional reach of US Cutter Munro.  

In July 2013, Munro conducted a 3-day joint patrol with the Russian Border Guard Patrol vessel Volga.  
Russian authorities identified within the information passed from Munro’s patrol to the Russian fisher-
ies enforcement authorities some suspicions that a cargo vessel might be illegally receiving transship-
ments of fish products within the Russian EEZ.

The USCGC Munro sighted the transshipment vessel Tai Ji, with Panamanian flag, on 22 August 2013 
on the border of Russian EEZ.  Tai Ji is listed on the WCPFC Record of Fishing Vessels as a fish 
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carrier and was a boarding target for Munro.  However, Tai Ji was located just outside the Russian 
EEZ and she was not boarded for operational reasons.  Instead, USCG D17 passed information to 
the Kamchatka Border Guard.  The Russian Border Guard interdicted the vessel based on informa-
tion received by USCG and, upon boarding the vessel, found 599 tons of frozen squid and 136.5 tons 
of frozen saury on board.  The Russian court authorized the seizure of the Tai Ji and catch for viola-
tions of Russian living marine resource regulations.  Final results are pending.  The case highlights 
the multilateral collaboration and partnerships necessary to achieve operational success focused on 
curing the IUU fishing activity. 

• Planned activities in 2014

Canada (Doc. 1537)

Canada has scheduled enforcement activities in 2014 to include the use of long-range aircraft CP-
140 patrols with the estimated number of hours allocated to be from 100 to 120 during the last 3 
weeks of May. No surface assets will be deployed.  Radar satellite imagery will be utilized during the 
Canadian deployment in support of aerial patrols and to assist in the direction of NPAFC surface as-
sets.  

Japan (Doc. 1497)

Japan will have a 10-day patrol using a surface asset from August to September 2014, and by two 
aircrafts: Citation V for 124 hours from May to December 2014 and Gulf V flying 16 hours from July to 
September 2014. The details of the patrol for this year will be posted in IIS.

To enable a Canadian flight to stage out of Hakodate, Japan is currently organizing to enable this 
flight for May 20, 2014 with relevant departments to make this flight possible.

Korea (Doc. 1541)

Korea scheduled to conduct its enforcement activity with one KCG patrol vessel and one aircraft in 
the Convention Area during July 2014.  However, due to the tragic accident of capsized Korean ferry 
Sewol off the southwestern tip of Korean Peninsula in April 2014 and the deployment of the over 100 
patrol and military vessels and aircrafts requiring rescue and search operation, Korea had to cancel 
its scheduled NPAFC enforcement operations.  Korea will inform its patrol activity plan, if any, in the 
Convention Area when KCG resumes its normal operation.

Korea indicated her willingness to cooperate with the Parties in the event, when IUU fishing activity is 
observed.

Russia (Doc. 1539)

Sakhalin and Kamchatka will deploy the following aerial patrols: May-one, June-two, July-three and 
August/September-two. 

Sakhalin and Kamchatka will deploy the following ships/cutters: May –two, June –two, July-three, and 
August/September–one.
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The Russian Party discussed the possibility of developing a NPAFC recommendation on general 
procedures related to more strict treatment of non-contracting party vessels engaged in IUU activities 
in the Convention Area. Russia proposed that Parties consider a possible list of actions to be taken 
against a non-party vessel engaged in IUU activities. The ENFO chair endorsed the concept and re-
quested that the Russian Party prepare to lead this discussion at the next Annual Meeting.

United States (Doc. 1538)

USCG high-endurance cutters will continue to patrol in the areas of the US EEZ and in the Conven-
tion Area as scheduling and resource demands allow.  USCG D17 plans for up to 200 Japan-based 
aircraft hours and a minimum of 90 cutter days in 2014.

USCGC Morgenthau is currently conducting a high seas patrol of the North Pacific through August tar-
geting IUU fishing.  A two-week deployment of USCGC C-130 was successfully staged out of Japan, 
providing Maritime Domain Awareness and aircraft surveillance in support of USCGC Morgenthau.  
Patrol flights staged out of Japan are closer to the operational area and thus are much more effective.  
A second 2-week deployment is scheduled for the last part of June. The United States greatly appreci-
ates the support of the Japanese Government in allowing these flights.

The USCG intends to continue issuing Local Notices to Mariners prior to and during the high threat 
season.  The United States continues to observe fewer IUU vessels in recent years.  The NPAFC’s 
collective enforcement activities reflect these results.  

• Review progress on ENFO List of Actions (No. 24)

The Chair referred to the ENFO List of Actions (LoA) on Prioritized Recommendations from the 
NPAFC Performance Review Report.  An item that needed actions is No. 24. The committee dis-
cussed the item as follows:

 ¾  No. 24 Recommendation: The Commission should encourage the Parties to become 
parties to the Agreement on Port State Measures (PSM) to Prevent, Deter and Eliminate Illegal, 
Unreported and Unregulated Fishing, and ENFO should analyze the applicability of the Agreement 
to the NPAFC context and provide recommendations to the Commission thereon.

The Chairman briefed the committee on the current status of the signing of the PSM: 23 countries/
states have signed, and to-date eleven countries (Chile, EU, Uruguay, Gabon, Myanmar, New Zea-
land, Oman, Norway, Seychelles, Sri Lanka and the United States) have ratified.

All Parties explained their current situations and their plans regarding the PSM:

Canada:  Canada signed the PSM in November 2010.  Currently, enabling legislation (Bill-S3) is in the 
second reading in Parliament and it is anticipated that ratification will conclude in late 2015. Addition-
ally, changes to the Coastal Fisheries Protection Act and associated Coastal Fisheries Protection 
Regulations, intended to strengthen Canada’s port access regime, are also in process. These chang-
es include broadening the definition of “fishing vessel”, new authorities regarding enforcement action 
on IUU fishing vessels, and strengthened import prohibitions.
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Japan:  Japan acknowledges the effectiveness of the PSM.  As for the process of ratification, Japan 
explained that it needs coordination with other departments and ministries involved, therefore, it is 
unlikely that ratification will be done before next year.

Korea:  Korea is currently verifying the procedure and will try to expedite it as soon as possible.

Russia:  Russia updated the PSM has been submitted to the Russian Parliament after which will be 
reviewed by their President.  The Russian Federation has worked out a National Plan of Actions in 
combating IUU fishing.

United States:  The United States ratified PSM in April 2014.  Legislation has not yet been implement-
ed.

Upon the Chairman’s proposal, the committee recommended that the ENFO revisit the issue at the 
2015 ENFO Annual Meeting.

• Cooperation with relevant international organizations and invitations to state or 
entity

The Secretariat sent letters of invitation to 13 international organizations, and five countries and 
entities in January 2014 and received replies from nine of them.  The Executive Director noted that 
follow-up action had been taken concerning non-responsive invitees.  He had contacted country con-
sulates in Vancouver in hopes to improve future correspondence. 

The Parties agreed to invite the following organizations and countries to the 2015 Annual Meeting, 
which will be held in Kobe, Japan, on May 11-15, 2015.  The Secretariat will send invitations at the 
appropriate time.

The committee recommended that the following International Organizations, States or Entities be 
invited to send representatives to act as observers to the 2015 NPAFC Annual Meeting:

International Organization States or Entities

NPFC People’s Republic of China

Other Organizations – in accordance 
with the list developed by CSRS

Indonesia 
Malaysia

Thailand

Taiwan
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• 2015 Patrol Schedule Meeting

Parties agreed that a virtual 2015 Joint Patrol Schedule Meeting will be held in late February/March 
2015.  All Parties agreed that the meeting was a success in 2014 and addressed their wish to con-
tinue holding the meeting using the same virtual method, length of the time, and time of year.

The Executive Director proposed to change the name of the meeting to be called Joint Patrol Sched-
ule Meeting in the future.  The committee recommended changing the name from EECM to Joint 
Patrol Schedule Meeting and that the 2015 Joint Patrol Schedule Meeting be held in late February/
March 2015 in a virtual format. 

Secretariat will announce exact dates of the 2015 Joint Patrol Schedule Meeting by the end of the 
year after consultation with the Parties and Chairman.

• Joint meeting with CSRS

The joint CSRS/ENFO meeting was held on May 13, 2014, at 1:30 p.m. for an hour with an enforce-
ment presentation by ENFO and scientific presentation by CSRS.

On behalf of ENFO, Canada prepared a brief presentation to inform CSRS on the role of the ENFO 
and collective enforcement effort.  

The United States indicated the importance of validating the functionality of the sample protocol as 
well as validating the threat area by analyzing sea conditions and salinity.  

Both chairmen and the participants appreciated the joint meeting and found it very useful to under-
stand the committees’ mutual objectives.  The Parties agreed this meeting be held at the 2015 Annual 
Meeting.

The committee recommended holding a joint ENFO/CSRS meeting at the 2015 Annual Meeting. The 
ENFO and CSRS Chairmen can develop the agenda prior to the meeting.

• Other Business

(a) Monthly Conference Calls

The Parties supported that monthly Conference Calls are useful and effective.  The United States 
volunteered to host the 2014 Conference Call on a monthly basis during the patrol season.  The first 
call will start on May 28, 2014.  All Parties appreciated the US Party.  Exact dates of subsequent calls 
will be provided later.  

Japan and Korea will continue to participate by providing updates and enforcement efforts through 
the Secretariat and email. The United States proposed that for those who have difficulties joining the 
conference calls to send information by email prior to the calls.

(b) Updated information on IIS

The Russian Party submitted a document containing information on the usage, experience, and main-
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tenance of the IIS program.  Russia said that it plans to bring an IIS expert from Vladivostok at the 
2015 Annual Meeting.

(c) Presentation of scientific information from CSRS at the next ENFO

After the ENFO/CSRS joint meeting on May 13th, the Parties agreed that a face-to-face joint session 
is an effective method to address questions to CSRS as answers can be obtained immediately.  

(d) Updating of ENFO Points of Contact Lists

The lists of ENFO Points of Contact, JOICG Points of Contact, and IIS Administrators were updated.

(e) Potential enforcement cooperation with new RFMO NPFC

It is expected that RFMO NPFC will be fully established within this calendar year.  It was generally en-
dorsed by ENFO committee members that a collaborative enforcement strategy with the new RFMO 
NPFC should be developed. Committee members agreed that the scope of such a strategy would 
have to be further defined in consultation with their respective governments. Committee members will 
discuss this further at the next annual meeting. 

It was suggested a representative from the newly formed RMFO NPFC be invited to the next NPAFC 
Annual Meeting as an observer once the meeting date and location have been finalized. Additionally, 
it was suggested that results of 2015 virtual Joint Patrol Schedule Meeting be shared with NPFC.  

The committee recommended that the Secretariat send a formal invitation letter to NPFC to attend 
the NPAFC 2015 Annual Meeting in Japan in an observer status, and that a member from ENFO at-
tend the NPFC First Annual Meeting once details become available.  The NPAFC ENFO representa-
tive attending would be selected based on the location of the NPFC meeting.

7. Consideration of Scientific 
Research and Statistics
The Commission received from Mr. Mark Saun-
ders, Chairperson of the Committee on Scientific 
Research and Statistics (CSRS), the Report of 
the CSRS (Doc. 1545).  Report contains prelimi-
nary information on the Pacific salmon catches 
(Table 7) and enhancement production in 2013, 
and on multiyear trends of catches and hatchery 
releases.  After review, the Commission adopted 
the CSRS report, including its recommendations.

• Salmon Catches
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Table 7. Preliminary 2013 commercial salmon catches in Canada, Japan, Korea, Russia, 
and the United States.  Commercial catches by foreign fleets in the Russian EEZ 
are not included.  Japanese catch data are based on Fisheries Research Agency 
data sources, not official statistics.  Commercial catch weight for Alaska is based on 
landed weight (Alaska Department of Fish and Game). 

(a) Preliminary 2013 commercial catch in millions of fish. 

Sockeye Pink Chum Coho Chinook Cherry Steelhead Total

Canada 0.260 12.200 1.410 0.456 0.123 - - 14.448

Japan 0.001 4.849 47.474 0.001 0.001 - - 52.326

Korea - - 0.097 - - - - 0.097

Russia 19.678 169.071 34.410 3.330 0.078 0.007 - 226.573

USA 29.618 232.154 23.019 6.317 1.433 - 0.039 292.578

 Alaska 29.578 226.296 21.275 5.791 0.330 - - 283.251

 WOC 0.040 5.858 1.744 0.526 1.103 - 0.039 9.310

Total 49.557 418.273 106.408 10.103 1.634 0.007 0.039 586.023

WOC:  Washington, Oregon, and California

(b) Preliminary 2013 commercial catch in metric tonnes (round weight).

Sockeye Pink Chum Coho Chinook Cherry Steelhead Total

Canada 621 18,565 6,415 1,515 666 - - 27,782

Japan 3 7,310 155,841 3 9 1,292 - 164,458

Korea - - 219 - - - - 219

Russia 50,940 241,421 103,148 9,853 513 10 - 405,884

USA 81,644 321,147 79,637 18,422 8,187 - 155 509,192

 Alaska 81,533 310,241 72,937 16,829 1,884 - - 483,424

  WOC 111 10,906 6,700 1,593 6,303 - 155 25,768

Total 133,208 588,443 345,260 29,793 9,374 1,302 155 1,107,535

WOC:  Washington, Oregon, and California
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Canada

Preliminary Canadian commercial salmon catch was estimated to be 14.4 million fish or 27.8 thou-
sand tonnes in 2013.  By weight, the catch was composed of pink (66.8%), chum (23.1%), coho 
(5.5%), Chinook (2.4%), and sockeye salmon (2.2%).

Japan (Doc. 1515)

Preliminary commercial salmon catches in coastal and offshore areas of Japan in 2013 totalled 52.3 
million fish (164.5 thousand tonnes), including 47.5 million chum (156 thousand tonnes) and 4.8 mil-
lion pink (seven thousand tonnes) salmon.  Official specific statistics data may be available by the 
end of March 2015.  

Korea (Doc. 1525)

Total catch of chum salmon was 96,515 fish or 218.6 tonnes in 2013.  Among these, 53,388 fish or 
122.7 tonnes were caught from the coastal areas for the commercial purpose (i.e., mostly set-net fish-
ery) and 41,669 fish and 95.8 tonnes from the river for artificial propagation in hatchery. Chum salmon 
were caught in the coasts (56.1%) and rivers (43.9%). Average weight of chum salmon was 2.30 kg in 
2013 while it was 2.04 kg in 2012. 

Russia (Doc. 1502)

In 2013, the total commercial catch of Pacific salmon in the Russian Far East was 226.6 million fish, 
or 405.9 thousand tonnes.  The primary species caught were pink (59.5% by weight), followed by 
chum (25.4%), and sockeye salmon (12.6%).

United States

(i) Alaska 
The Alaska salmon commercial harvest of all species combined for 2013 totaled 283.3 mil-
lion fish, or 483.4 tonnes.  The catch composition by landed weight in Alaska was 64.2% pink, 
16.9% sockeye, 15.1% chum, 3.5% coho, and < 1% Chinook salmon. 

(ii) Washington, Oregon, and California  
The 2013 preliminary total commercial catches of salmon and steelhead trout landed by any 
gear (treaty Indian and non-treaty combined) in Washington, Oregon, and California was 9.3 
million fish, or 25.8 thousand tonnes.  The commercial catch composition by weight in Wash-
ington, Oregon, and California was 42.3% pink, 26.0% chum, 24.5% Chinook, 6.2% coho, and 
< 1% each for sockeye salmon and steelhead trout.

• Salmon Enhancement Production

The Working Group on Stock Assessment in cooperation with the Secretariat compiled a table of 
preliminary 2013 hatchery releases of juvenile salmon and steelhead from documents and emails 
received by the Commission (Table 8).  The total number of hatchery fish released from NPAFC mem-
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Canada 

The Salmonid Enhancement Program (SEP) was initiated in British Columbia, Canada, in 1977 
primarily to rebuild depressed stocks and increase catch through the expanded use of enhancement 
technology.  The program was  designed to increase fishing opportunities, involve the public and raise 
awareness, create jobs and increase economic development in coastal and First Nations communi-
ties, and improve understanding of salmonid populations.  The SEP currently comprises approxi-
mately 150 projects throughout British Columbia that produce Chinook, coho, chum, pink, and sock-
eye salmon, as well as small numbers of steelhead and cutthroat trout.  Releases from all Ecosystem 
Management Branch (EMB, formerly known as the Oceans, Habitat and Enhancement Branch) facili-
ties are provided by release year and by area.  

In 2013, releases totaled 293.5 million fish comprising sockeye (46.2%), chum (32.1%), Chinook 
(13.3%), pink (4.7%), coho (3.6%), and steelhead trout (< 1%).  

Over the years, total releases peaked in the early 1990s at almost 600 million fish, with chum and 
sockeye constituting the majority of releases.  Numbers subsequently declined and then stabilized at 
about 300 million fish released annually in the last six years. 

Japan (Doc. 1516)

Four species of anadromous Pacific salmon (chum, pink, masu, and sockeye salmon) are currently 
enhanced in Japan. A total of 1,729 million fry, juveniles, and smolts were released from Japanese 
hatcheries in 2013. The number of chum salmon fry released in the spring of 2013 was approximately 
1,615 million fish. Japanese hatcheries also released 102 million pink salmon fry, 11,926 thousand 
masu salmon fry, juveniles, and smolts, and 192 thousand sockeye salmon fry and smolts in the 

ber countries in 2013 was about 5.0 billion fish, a quantity that has been quite stable since 1993.  

Table 8. Preliminary 2013 hatchery releases in NPAFC member countries in millions of fish.
 Sockeye Pink Chum Coho Chinook Cherry Steelhead Total

Canada 135.600 13.826 94.092 10.700 39.154 - 0.103 293.475

Japan 0.192 101.622 1,614.781 - - 11.926 - 1,728.521

Korea - - 9.71 - - - - 9.710

Russia 13.432 341.656 678.666 4.046 0.910 0.349 - 1,039.059

USA 82.174 797.089 714.908 65.644 200.293 - 20.983 1,881.090

 Alaska 57.319 797.089 668.681 29.818 9.012 - - 1,561.918

 WOCI 24.855 - 46.227 35.826 191.281 - 20.983 319.172

Total 231.397 1,254.192 3,112.158 80.390 240.357 12.275 21.086 4,951.855

WOCI: Washington, Oregon, California, and Idaho
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spring and fall of 2013.

Korea (Doc. 1525)

The total number of chum salmon fry released was 9,710 thousand fish in 2013 (2012 brood) and 28,250 thou-
sand fish in 2014 (2013 brood).   

Russia (Doc. 1502)

In 2013, Russian hatcheries released 1,039.1 million Pacific salmon fry and smolts.  Releases comprised 
65.3% chum, 32.9% pink, 1.3% sockeye, and <1% each of coho, Chinook, and masu salmon.

United States

(i) Alaska  
Alaskan hatcheries released 1,561.9 million fish in 2013.  Of the fish released, 51.0% were pink, 42.8% 
were chum, 3.7% were sockeye, 1.9% were coho, and < 1% were Chinook salmon.

(ii) Washington, Oregon, California, and Idaho 
In 2013, releases for Washington, Oregon, California and Idaho totaled 319.2 million fish.  These re-
leases comprised 59.9% Chinook, 14.5% chum, and 11.2% coho salmon, 7.8% sockeye salmon, and 
6.6% steelhead trout.

• Temporal Patterns of Pacific Salmon Abundance and Hatchery Releases 

Figures 7-12 were updated from those in Doc. 1475 (2013 CSRS Report).  These figures were created using 
the draft catch and hatchery statistics files generated by the project unifying statistics from the Working Group 
on Stock Assessment (WGSA) time series, statistical yearbooks, documents, and updates from working group 
members.

Pacific salmon abundance in the North Pacific, as indexed by aggregate commercial catches, remains at near 
all-time high levels with no indication of declines (Figure 7).  The highest catches on record occurred during 
the four most recent odd-numbered years (i.e., 2007, 2009, 2011, and 2013) when more than 1 million tonnes 
were caught.  There are more adult salmon caught in odd-numbered years than even years because the most 
frequent species in the catch, pink salmon, are most abundant in odd-numbered years.

Pink and chum salmon dominate Asian catches; numbers remain near all-time highs although they were less 
than the previous two odd-numbered years (Figure 8).  Russia currently catches the largest proportion of the 
Asian catch, although in earlier years, Japan often caught a greater proportion; catches by the Republic of 
Korea are relatively minor.  Asian hatchery production has stabilized in recent years (Figure 11).  Improved 
survivals reported for some groups of hatchery-origin salmon are a consequence of both improved hatchery 
practices and environmental changes.  Favourable marine conditions for pink and chum salmon and improved 
hatchery technologies have played a role in increasing the abundance of chum and pink salmon in Asia.
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In North America, the relative abundance of salmon species varies from north to south.  Pink, sock-
eye, and chum salmon are the primary species in Alaska, in Canada pink, sockeye, and chum salmon 
have historically been the most important, and in Washington, Oregon, and California, Chinook and 
coho salmon are the most abundant species.  Interannual variability in the importance of various spe-
cies in North America has been more pronounced during the last decade than in previous decades 
(Figure 9).  2013 was a particularly strong year for pink salmon in North America.  Pink and chum 
salmon remain the primary species released from North American hatcheries (Figure 12).  The rela-
tively large numbers of Canadian enhanced sockeye salmon are produced in spawning channels.
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Figure 7.  North Pacific commercial catch (thousands of metric tonnes) of Pacific salmon by 
species from 1925 to 2013 (2013 catches are preliminary).
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Figure 8.  Asian commercial catch (thousands of metric tonnes) of Pacific salmon by species 
from 1925 to 2013 (2013 catches are preliminary).

0

200

400

600

800

1925 1930 1935 1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

Th
ou

sa
nd

s  
of

 m
et

ric
  t

on
ne

s

North American commercial salmon catch

Chinook Coho Sockeye Chum Pink

Figure 9.  North American commercial catch (thousands of metric tonnes) of Pacific salmon 
by species from 1925 to 2013 (2013 catches are preliminary).
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Figure 11.  Annual Asian hatchery releases (millions of fish) of Pacific salmon by species 
from 1971 to 2013.
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Figure 10.  Annual North Pacific hatchery releases (millions of fish) of Pacific salmon by mem-
ber countries from 1971 to 2013.

0

500

1,000

1,500

2,000

2,500

1971 1976 1981 1986 1991 1996 2001 2006 2011

M
illi

on
s  

of
  f

ish

Korea Canada US Pacific Northwest Russia US Alaska Japan 



63

ii. 22nd aNNual meetiNG

• Review of Scientific Research Activities in Relation to the 2011-2015 NPAFC 
Science Plan Components (Article VII 8. and IX 6., ToR 3 and 13) (Doc. 1534)

Abstracts of new and revised scientific documents submitted to the Commission between adjourn-
ment of the 2013 Annual Meeting and April 22, 2014 are compiled in Doc. 1534.  Document 1534 lists 
a total of 34 new documents and one revised document from 2013 by the BASIS Working Group.  Of 
the new documents submitted, ten documents related to research on juvenile salmon, 11 documents 
related to research on climate impacts on salmon in the Bering Sea and adjacent waters, four docu-
ments related to research on salmon winter survival, 21 documents related to research on biological 
monitoring of key populations, 18 documents related to research on development and applications of 
stock identification methods and models for management, and two documents related to other topics.  
The number of unique new documents included six from Canada, eight from Japan, three from Korea, 
six from Russia, nine from the United States, and one document submitted by both Russia and the 
United States.  In addition, the BASIS Working Group (Doc. 1474 Rev 1) submitted one revised docu-
ment, and one document was submitted by the Secretariat (Doc. 1512).

Subsequent to April 22, 2014, three more documents were submitted for consideration by CSRS 
including Doc. 1535, which summarizes releases and recoveries of high seas tags, Doc. 1536, which 
lists Japanese research publications relative to the Science Plan, and Doc. 1542, which provides 
information on incidental catches of salmonids in U.S groundfish fisheries. 

Four bibliographic documents containing references to papers published relevant to the Science Plan 
were submitted.  Canada submitted Doc. 1520 that is a bibliography on the marine ecology of juvenile 
Pacific salmon in North America from 2006-2014.  The bibliography includes references to 276 papers 
with abstracts.  Russia submitted Doc. 1506 that is a bibliography of 80 papers, many with abstracts, 
published during 2013 by Russian scientists and their collaborators relevant to the five components of 
the Science Plan.  Doc. 1536 lists original papers and documents published in 2012-2014 by Japa-
nese scientists and their collaborators, which includes 39 articles with abstracts.

Two documents were submitted by working groups.  The BASIS Working Group summarized pub-
lished results relevant to the four research questions proposed in the BASIS Phase II research plan in 
Doc. 1474 Rev. 1.  The Working Group on Salmon Tagging summarized 2012-2013 tagging results in 
Doc. 1535.

(a) Migration and survival mechanisms of juvenile salmon in ocean ecosystems (Component 1)

A panel was convened to lead discussion on the scientific progress and possible informational gaps 
related to migration and survival mechanisms of juvenile salmon in ocean ecosystems.  Panel mem-
bers included M. Trudel (Canada), T. Saito (Japan), J.K. Kim (Korea), O. Temnykh (Russia), and E. 
Farley (USA).

The following items of scientific progress were identified:

• Russia presented research showing the 2013 results of juvenile salmon in the western Ber-
ing Sea for chum, sockeye, and pink salmon and observed a decrease in the number of pink 



64

ii. 22nd aNNual meetiNG

salmon in the even year generation.  

• In efforts to use juvenile pink salmon abundances in Russia to predict future returns, there 
were good correlations in some areas between juvenile pink salmon abundance and future 
adult returns, but results were mixed in other areas, likely due to juvenile survival variation 
over the winter.    

• Chum salmon are thought to migrate to and from Korea using temperature gradients.  Juvenile 
chum salmon outmigrate from Korea using the Tsushima Current between Korea and Japan.  
The current can vary in strength and affect the migration pattern of juvenile chum salmon be-
tween years.  

• Surface trawls for juvenile salmon off Korea show juvenile chum salmon tend to stay close to 
shore and near release sites in March and April, but start their northward migration in late May, 
such that by June most of the juvenile salmon have left Korean waters.  

• Comparisons were made in Japan regarding metabolic processes in hatchery and wild masu 
salmon.  Changes in enzyme activity and transcript level in liver and gill metabolic enzymes 
were found in hatchery and wild masu salmon collected in the Ken-ichi River in southern Hok-
kaido.  Great care was taken to collect samples between March and May from hatchery and 
wild outmigrating smolts such that samples were collected at the same river locations and the 
fish were the same size.  Differences in enzyme activity between the hatchery and wild fish 
were found during the smoltification process, suggesting that hatchery fish may be less well 
adapted to enter saltwater.

• Pink salmon forecasting in Southeast Alaska has continued for the last 17 years.  Pink salmon 
smolts collected in Icy Strait during the summer show good correlation between juvenile salm-
on abundance and the corresponding adult returns.  In the time series, there are two years 
that are outliers.  Low returns from 2006 were thought to be influenced by predation during a 
warm year, whereas higher returns in 2013 were likely influenced by increased food production 
in the coastal waters of the Gulf of Alaska.

• Vertical distribution patterns of juvenile salmon were observed in Canada.  It was noted that 
the least amount of migration data are available for pink and chum relative to the other salmon 
species, even though pink and chum salmon are the most abundant.  

The following informational gaps were identified: 

• Where do mortality events occur in the marine environment?

• What is causing mortality of salmon in the ocean?

• How do mortality events contribute to variability in marine survival?
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(b) Climate impacts on Pacific salmon production in the Bering Sea and adjacent waters 
(Component 2)

A panel was convened to lead discussion on the scientific progress and possible informational gaps 
related to climate impacts of Pacific salmon production in the Bering Sea and adjacent waters.  Panel 
members included M. Trudel (Canada), S. Sato (Japan), A. Zavolokin (Russia), and E. Farley (USA).

The following items of scientific progress were identified:

• The ocean environment off Russia and in the Bering Sea has been shifting recently.  In the 
last 10 years, the western Bering Sea was warming while at the same time the eastern Bering 
Sea was cooling.

• In addition to temperature changes, variations in prevailing currents were noted.  Before 2007, 
currents were predominantly to the east off Kamchatka, but since then, prevailing currents 
have been to the north. 

• Changes in current intensity are thought to affect immature chum salmon distribution and 
migration.  Immature chum and sockeye salmon abundance increased after shifts in prevailing 
currents, and then abundance increased when water circulation changed back.

• In the western Bering Sea, in both warm and cold years, there were no changes in zooplank-
ton biomass whereas in the eastern Bering Sea, cold years (like those after 2007) had a 
higher biomass of zooplankton while earlier warm years had a lower zooplankton biomass.

• The Hokko maru has conducted summer research surveys in the Bering Sea since 2007.  
Catches of chum, pink, coho, Chinook, and sockeye salmon varied by location showing that 
salmon were not randomly distributed in the survey area.  The scale mass index for chum 
salmon was the smallest in 2013 since 2007.  

• There seemed to be a correlation between the number of salmon in the survey area and a 
decreasing trend in the scale mass index.  Genetic stock composition analysis showed a large 
component of chum salmon from Japan and Russia and only a minor component of US fish in 
the central Bering Sea survey area.  

• Eastern Bering Sea surface temperatures were cold through 2001, warm through 2006 and 
cold thereafter.  Sockeye salmon abundance was relatively high, but in 2006, when the water 
was cold, the number of juveniles in the survey decreased.  In 2007, there was an increase in 
the number of juvenile sockeye, thought to be the previous year class spending another year 
in fresh water before heading to sea.  

• During the cool period after 2006, the number of large copepods increased, while the number 
of small copepods decreased affecting the nutritional value of available salmon food.

• In British Columbia, salmon survival was related to zooplankton biomass.  In addition, density 
dependent effects were noted such that higher proportions of one species of salmon could 



66

ii. 22nd aNNual meetiNG

negatively impact the proportion of other species of salmon.

• A cluster analysis showed regional effects in salmon survival suggesting more than a single 
ocean effect.

The following informational gaps were identified: 

• Information regarding migration paths of salmon

• Long range forecasts for chum, sockeye, and Chinook salmon

• Climate change impacts on carrying capacity

• Food production and impacts on salmon survival

• Ecosystem models – current state and forecast

(c) Winter survival of Pacific salmon in North Pacific Ocean ecosystems (Component 3)

A panel was convened to lead discussion on the scientific progress and possible informational gaps 
related to winter survival of Pacific salmon in North Pacific Ocean ecosystems.  Panel members in-
cluded J. Irvine (Canada), S. Naydenko (Russia), and E. Farley (USA).

The following items of scientific progress were identified:

• Survival of pink salmon tended to correlate with faster growing juveniles suggesting that slower 
growing juveniles were more susceptible to mortality.  Growth data are currently being used to 
predict returns the following year.  

• During winter migration, fish are using the lipid stores they have in their muscles.  Low lipid 
values suggest they are using more energy during this period of life.  

• There is a correlation between spatial distribution of pink and chum salmon and the Subarc-
tic frontal zone.  When the vortex is large, the range of salmon is large and salmon are more 
widely dispersed.  This suggests that pink salmon overwintering locations depend on changes 
in the movement of water masses.  

• A previously published ocean migration model for Asian chum salmon was presented highlight-
ing that salmon are in different areas of the sea depending on the season and the age of the 
salmon.

• Chinook salmon in the eastern North Pacific have been declining and this is potentially associ-
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ated with increasing ocean water temperatures.

The following informational gap was identified: 

• Very little is known about winter ocean habitat of salmon.  The large question remains, where 
do Pacific salmon go in the winter and how might this be affected by climate change

(d) Biological monitoring of key salmon populations (Component 4)

A panel was convened to lead discussion on the scientific progress and possible informational gaps 
related to biological monitoring of key salmon populations.  Panel members included A. Tompkins 
(Canada), T. Saito (Japan), and N. Klovach (Russia).

The following items of scientific progress were identified:

• Japan is increasing the number of otolith marked chum salmon to help monitor wild and hatch-
ery chum salmon populations in Hokkaido.  Currently, 14-15% of the released hatchery fish 
are marked, a number that has been increasing.  

• In a study conducted in eight Japanese rivers, the proportion of wild chum salmon was es-
timated to be 28.3% (95% CI:  25.9-30.5%).  Later runs of chum salmon, especially in the 
Chitose River, had a higher proportion of wild spawning chum salmon.  

• Natural spawning efficacy in the Chitose River was estimated upstream of the weir.  The num-
ber of fish above the weir was estimated by marking some of the fish at the weir and counting 
the number of marked fish above the weir using dive surveys.  Fry collected downstream and 
wild vs. hatchery fish were determined using otolith marks.  It was estimated that 1.2 million 
wild spawned fry journeyed to the sea in 2012.  The survival rate from egg to fry was estimat-
ed to be about 20%.

• Differences were found in the age and size at maturity between wild and hatchery chum 
salmon in the Chitose River, Japan.

• Studies are being conducted in Canada to understand the processes of Pacific salmon in the 
marine environment, the impacts of climate change, provide a scientific basis for optimizing 
hatchery production, and understand hatchery-wild interactions.  Juvenile CPUE, size, growth, 
and diet are being used as indices of survival.

• It was noted that productivity of pink salmon on the Sakhalin Islands depended on the size of 
the rivers, the available habitat, and the type of fishing pressure.  There are two runs of pink 
salmon on Sakhalin Island, the early run dominating in the north and the late run dominating in 
the south.  
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• Extensive studies are being completed in Olyutorskiy Bay tributaries for pink, chum, sockeye, 
and Chinook salmon.  During odd-numbered years, pink salmon dominate the overall catch.  
During even-numbered years, chum salmon catches dominate.  Over the six years of the 
study, the average weight of the pink salmon dropped suggesting the fish were getting smaller.  
In the study area, Chinook salmon generally spend one year in freshwater, 1-4 years in the 
sea with adult females generally returning later than males.  For chum salmon, the average 
age of returning adults in the even years is greater than in odd years.  It was hypothesized that 
chum salmon outmigrating as juveniles during an abundant pink salmon year class might have 
a harder time foraging and likewise stay out at sea another year before returning to spawn. 

The following informational gaps were identified: 

• Understanding the linkage between climate and salmon production – there is a need for data 
on escapement, catch, distribution of stocks, migration and other information

• Identification of leading indicators (multiples scales from regional to local) to forecast salmon 
production

• Lack of key indicators and intensive escapement programs

• Limited monitoring available for juvenile production in freshwaters

(e) Development and applications of stock identification methods and models for management of 
Pacific salmon (Component 5)

A panel was convened to lead discussion on the scientific progress and possible informational gaps 
related to development and applications of stock identification methods and models for management 
of Pacific salmon.  Panel members included T. Beacham (Canada), S. Sato (Japan), H.Y. Song (Ko-
rea), A. Bugaev (Russia), and J. Guyon, L. Seeb, and W. Templin, K. Warheit (USA).

The following items of scientific progress were identified:

• As part of the western Alaska Salmon Stock Identification Program (WASSIP), Alaska Depart-
ment of Fish and Game (ADFG) collected 330,000 samples and genotyped 163,327 sockeye 
and chum salmon using a baseline developed through the PacSNP Consortium.  Data are 
available through a web portal. 

• When possible, there is a need to continue to add baseline information for additional stocks in 
genetic baselines, especially in areas that could contain fish from locations outside the imme-
diate survey area.  

• PacSNP was presented as a potential means of working together to develop collaborative 
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genetic baselines.  Researchers from member countries have participated in various meetings 
regarding this process.

• Work developing pink salmon baselines using microsatellite and SNP markers continues.  
Next generation sequencing was used to identify a set of eight SNPs in pink salmon that show 
high divergence across both even- and odd-year lineages.  

• Many methods exist for performing stock composition analysis with the best methods often 
depending on the question being asked.

• For pink salmon, mitochondrial markers differentiate Russian northern and southern popula-
tions for both odd and even years.  Investigations continue to find methods to separate addi-
tional stocks such as the Kuril Island stocks.

• Sockeye salmon stocks can be differentiated using scale pattern analysis.  Current efforts 
concentrate on two major Russian stocks including Kamchatka and Ozernaya rivers.  

• In Japan, the genetic baseline for chum salmon has been improved with a manuscript in 
press.  The new baseline includes data for 57 populations of chum salmon in Japan assayed 
for 52 SNP loci.  Neighbour-joining trees and principle coordinate analysis describe six stock 
regions in Hokkaido and two in Honshu.  

• Chum salmon are the most widely distributed salmon species in Korea.  Currently, there are 
15 locations where upstream migration of chum salmon has been documented.  Studies are 
beginning to investigate mitochondrial DNA differentiation for these 15 populations in Korea, 
two populations from Japan, two populations from Alaska, and two populations from Canada.

• Since 2009, collaborative work is being done between researchers from Canada and Japan to 
look at sockeye salmon stock compositions in the southern central Bering Sea.  Current sock-
eye salmon baseline contains information for 404 populations.  Samples are predominantly 
Bristol Bay sockeye, but Canadian origin fish were also found.

• Juvenile sockeye salmon outmigration routes are being investigated in British Columbia.  
South Thompson River sockeye salmon were found in samples collected in surveys as far 
north as Kodiak, Alaska.  Stock compositions of juvenile salmon sets become more complex 
the more northerly the samples are derived suggesting that many different stocks are follow-
ing the same migration route.  

• Genetics was used to determine that not all sockeye salmon start their northern migration 
from Canada immediately after leaving freshwater.  Ocean-type fish were found that remained 
in southern coastal regions over winter 

• In the North Pacific Ocean, larger sockeye salmon smolts were generally found in the more 
northern locations.  Larger individuals tend to initiate the northern migration earlier in the year 
and can swim faster than the smaller fish.  

• In the eastern Bering Sea, stock composition analysis determined the relative concentration of 
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2015 Work Plan Item Terms of Reference
(A) review progress on the current Science Plan and continue development for 

the new Science Plan for 2016; and
(B) report on last year's salmon catches, escapement, and wild and artificial 

production of juvenile salmon;
3

(C) review results of salmon stock assessment research and the condition of 
salmon stocks;

3 and 13

(D) review and summarize results of this year's salmon research in the Con-
vention Area and adjacent seas;

4

(E) exchange biological samples as necessary; 8
(F) review and summarize salmon research plans for next year in the Conven-

tion Area and adjacent seas;
8

(G) propose data exchanges; 8

summer- and fall-run Yukon River chum salmon.  

The following informational gaps were identified: 

• Increasing discriminatory power for genetic stock composition analysis – how to select the ap-
propriate markers/techniques/statistics to address the question at hand?

• The use of genetic information for other purposes including parental based tagging, escape-
ment enumeration, hatchery-wild interactions, etc.

• Data handling requirements for high-throughput genetic data

• Use of genetic techniques to predict fate of individuals by looking at gene expression of the 
individual

• Link stock identification with genomics to illustrate different genetic responses to the environ-
ment

• Genetics/Genomics can be linked to better understand pathogen response

• Continue development of genetic baselines in pink salmon

• Accessibility of raw genotypes for public distribution

• Coordination of Scientific Research Activities (Article IX 6. and 8., ToR 1 and 8)

• Work plan itemization

The committee recommended the following Work Plan for the CSRS in 2015.
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•	 National	research	plans	for	2014-2015	and	proposed	cruise	activities

The Parties summarized their respective national research plans for 2014-2015 and presented pro-
posed research cruise activities.  Salmon cruise activities, including objectives, survey areas, and 
tentative dates are summarized in Appendix 4.

Canada (Docs. 1379, 1529) 

Canada National Research Plan:  Canada’s salmon research plan has not changed from that de-
scribed in Doc. 1379.  The document describes Canada’s research activities organised according to 
the five major research topics (C-1 to C-5) identified in the NPAFC Science Plan. 

C-1: Migration and Survival Mechanisms of Juvenile Salmon in the Ocean Ecosystems 

C-2: Climate Impacts on Pacific Salmon Production in the Bering Sea (BASIS) and Adjacent 
Waters 

C-3: Winter Survival of Pacific Salmon in the North Pacific Ocean Ecosystem 

C-4: Biological Monitoring of Key Salmon Populations

C-5: Development and Applications of Stock Identification Methods and Models for Manage-
ment of Pacific Salmon 

(H) review any documents submitted to the Commission prior to this year’s 
annual meeting;

12 and 13

(I) the Parties will review any research proposals submitted in accordance 
with Article VII paragraph 6;

1

(J) consider international collaboration with relevant organizations; 14
(K) consider a report to the Commission. 11
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2014-2015 Canada Cruise Plans:  Canada currently maintains two long-term research and monitor-
ing programs on the marine biology of Pacific salmon to understand the processes regulating Pacific 
salmon production in the marine environment, the interactions between wild and hatchery-reared 
salmon, the potential interactions between wild/hatchery salmon and aquaculture production, the 
impacts of ocean conditions and climate change on marine ecosystems and salmon resources, and 
to provide a sound scientific basis for optimizing hatchery production (Doc. 1529).  Salmon research 
surveys have been planned in both the offshore and inshore areas by Canada for 2014-2015.

In 2014-2015, the offshore program will conduct sampling off the west coast of British Columbia, 
whereas the inshore program will conduct sampling in the Strait of Georgia and Puget Sound.  In 
addition to these two long-term programs, Canada will conduct three research projects in nearshore 
waters: (1) weekly purse seine survey in Johnstone Strait to monitor the northward migration of juve-
nile Fraser River Sockeye salmon (May-July), (2) purse seine surveys in Cowichan Bay on the east 
coast of Vancouver Island as part of a study examining the factor causing mortality of juvenile Chinook 
salmon in Southern British Columbia, and (3) a mid-water trawl survey performed with a small net (4 
m X 4 m) to describe the dispersion of juvenile Chinook salmon in nearshore waters.

Four integrated epipelagic mid-water trawl surveys have been planned for the CCGS W.E. Ricker (3) 
and chartered commercial trawler (1) in 2014-15.  The early summer (June 24-July 21, 2014) and fall 
survey (September 16-November 8, 2014) will be conducted by the W.E. Ricker and are continuations 
of surveys that have been conducted for the past 10-15 years.  These surveys will focus on the water 
bodies surrounding Vancouver Island as well as the central coast of British Columbia and will include 
the Strait of Georgia, Gulf Islands, Juan de Fuca Strait, Johnstone Strait, Queen Charlotte Strait, 
Queen Charlotte Sound, the west coast of Vancouver Island, and Puget Sound.  An additional survey 
will be conducted in the Strait of Georgia during early June (approximately May 31-June 9) using a 
chartered commercial trawler.  The survey will follow the same track line as the surveys conducted 
by the W.E. Ricker in this region.  During the winter (March 5-16, 2015) a survey will be conducted 
by the W.E. Ricker and will focus on the waters between Vancouver Island and the mainland of Brit-
ish Columbia.  The primary objectives of these surveys will be to (1) collect biological information on 
Pacific salmon and associated epipelagic fish community, (2) collect DNA samples for stock identifica-
tion purposes and to examine stock specific information on migration timing and distribution of juvenile 
salmon, (3) describe the ambient oceanographic conditions, and (4) quantify the biomass of zooplank-
ton and describe zooplankton species community composition in coastal waters of British Columbia.  

Five mid-water trawl surveys have also been planned for the CCGS Neocaligus.  This vessel will be 
equipped with a 4 m X 4 m trawl to access shallow waters.  The primary objectives of these surveys 
will be to investigate the distribution and migration of juvenile Fraser River and Cowichan Bay salmon 
in nearshore areas.  

Purse seine surveys are planned for two regions in 2014: lower Johnstone Strait and Cowichan Bay.  
In Johnstone Strait the primary objective of the survey will be to determine the timing of migration of 
juvenile sockeye salmon from the Fraser River through this region.  DNA samples will be collected 
to allow this to be examined at a stock level.  This survey, in conjunction with the trawl surveys in the 
Strait of Georgia, will also be examining changes in condition and level of growth of juvenile sockeye 
salmon during this critical early marine period.  In Cowichan Bay the primary objective of the survey 
will be to examine changes in condition and growth of both hatchery-reared and wild Cowichan River 
Chinook salmon during the early marine period as part of a program to examine factors regulating 
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early marine survival.

Additional scientists are encouraged to participate on any of these surveys, pending security clear-
ance, which generally requires several months advance effort, and the number of berths available.

For all surveys, all catch is enumerated and measured onboard the ship to characterize the nekton 
community in epipelagic waters of British Columbia and Puget Sound.  Coho, Chinook, and sock-
eye salmon are scanned for the presence of CWT, pit tag and fin clips, clips of pelvic and pectoral 
fins.  Biological data collected for each salmon include species common name, fork length (mm) and/
or total length (mm), and observed fin clip, and a random sub-sample of all juvenile salmon species 
are measured and weighed.  Tissue samples will be preserved in 95% ethanol for stock identification 
using microsatellite DNA scales and otoliths are collected for age determination.  Stomach content 
information either on board or in the laboratory are collected.  Blood plasma will be extracted from 
a subsample to measure Insulin Growth Factor-I (IGF-I) to map the growth performance of juvenile 
salmon in the Strait of Georgia and surrounding waters.  A subsample of 5-10 salmon will also be 
taken for gene expression studies. 

At oceanographic stations, CTD (conductivity-temperature-depth) casts will be conducted.  On some 
surveys oceanographic sampling will also (1) collect seawater samples at 10 m from the surface, and 
(2) filter surface seawater for chlorophyll-a. Vertical bongo tows to approximately 150 m or within 10 
m of the bottom will be conducted. 

Japan (Docs. 1311, 1499, 1503) 

Japan National Research Plan:  Japan’s salmon research plan has not changed from that described 
in Doc. 1311, “Japanese Salmon Research under the NPAFC Science Plan 2011-2015”.  The national 
research plan has four components:

J-1: Juvenile salmon studies in coastal waters

J-2: High-seas salmon studies in the Bering Sea and adjacent waters

J-3: Biological monitoring of major salmon populations

J-4: Development and application of stock identification techniques and forecast model
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2014 Japan Cruise Plans:  According to the national research plan, two Japanese research vessels 
are scheduled to conduct the following scientific research on salmon in the North Pacific Ocean and 
Bering Sea in 2014 (Doc. 1499). 

(1) The Hokko maru will conduct salmon research with a surface/midwater trawl and hook-and-
line to obtain information on the distribution, abundance, and other biological characteristic of 
Pacific salmon in the Bering Sea from late July to early August.

(2) The Oshoro maru will conduct salmon research with gillnets, longline, and hook-and-line to 
obtain data on the distribution and ecology of salmon and other pelagic fishes in the western 
North Pacific in May.  In the case of gillnet operations, gillnets less than 2.5 km in length at sea 
will be used.

In addition, Japanese vessels are scheduled to conduct 10 high-seas research cruises for pelagic 
fishes and squids in the North Pacific Ocean in 2014 (Doc. 1503).  These surveys have a possibility of 
incidental salmon catch during fishing operations.

Korea (Doc. 1526) 

Korea National Research Plan:  The Korean national research plan is described in Doc. 1526 and 
includes investigations in the following areas. 

K-1: To reveal the mechanisms of mass mortality of chum salmon during their early life in rivers 
and coastal areas in conjunction with the fluctuation of adult return rates, research will be 
conducted as follows:

• identify prey and predator species of juvenile salmon in rivers and coastal areas,

• estimate stage-by-stage salmon survival after releasing fish in rivers and coastal ar-
eas,
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• monitor environmental factors in rivers and coastal areas,

• examine growth rates during the early life history using otoliths and compare hatchery 
and wild juvenile salmon growth rates, and 

• investigate the optimal release period for juvenile salmon.

K-2: Otolith thermal marking of Korean chum salmon will be conducted to provide information 
about growth and survival during the early ocean life stage, and to determine hatchery 
origins from fish released in 2014 (2013 brood year).

K-3: There are plans to expand the hatchery program for cherry salmon.

K-4: Genetic variation of non-anadromous masu salmon in Korea will be investigated to estab-
lish baseline data for development of a strategy for conservation and management.

2014 Korea Cruise Plan:  Korea has no current cruise plan for conducting ocean salmon surveys.  

Russia (Docs. 1231, 1505) 

Russia National Research Plan:  Russia’s salmon research plan has not changed from that described 
in Doc. 1231, “Russian Pacific Salmon Research Program for the 2010-2014 Period”.  Russian 
salmon studies in 2014 relevant to the NPAFC Science Plan for 2011-2015 include the following five 
components.

R-1:  Migration and survival mechanisms of juvenile salmon in the ocean ecosystems

R-2:  Climate impacts on Pacific salmon production in the Bering Sea (BASIS) and adjacent 
waters

R-3:  Winter survival of Pacific salmon in the North Pacific Ocean ecosystem
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R-4:  Biological monitoring of key salmon populations

R-5:  Development and applications of stock identification methods and models for management 
of Pacific salmon

2014 Russia Cruise Plans:  In 2014 Russia will continue monitoring the state of the ecosystems in the 
Okhotsk Sea and Pacific waters off the Kuril Islands (Doc. 1505).  Studies of salmon distribution, food 
habits, dependence of salmon feeding on biomass and composition of plankton and nekton commu-
nities, changes in biological condition of fishes during foraging, salmon spatial differentiation, stock 
identification, and the influence of the abiotic environment upon salmon migrations are planned.  One 
of the goals of these studies is the estimation of Pacific salmon survival/mortality at different stages of 
the marine life period.

Surveys will be conducted aboard vessels of TINRO-Center (R/V TINRO and R/V Professor Kagan-
ovsky) using uniform methods and approaches.  Each trawling operation is accompanied (before or 
after) by the collection of plankton samples using a Jedy net.  Samples for fish and squid diet studies 
are collected from every trawl and undergo on-board processing by means of express methods devel-
oped by TINRO-Center.  Research on caloric content of food items and their isotope composition will 
provide further insights into understanding Pacific salmon biological environments.

Hydrological surveys will be conducted for evaluation of climate-oceanic conditions of Pacific waters 
off the Kuril Islands and southern Okhotsk Sea.  Hydrological studies are conducted during the sur-
vey by means of the hydrological probe Neil-Brown and ICTD.  Data are recorded for the fixed layer 
0-1000 meters and for the areas where the depth is less than 1000 meters – down to the bottom.  
Plankton samples are collected for community composition and structure, salmon and mass nekton 
species feeding environment, and description and development of nektonic community trophic struc-
ture models.  

Studies of maturing salmon migrations are planned in the upper epipelagic layer of Pacific waters off 
the Kuril Islands by RV Professor Kaganovsky in June-July, 2014.  The major purpose of these stud-
ies is the estimation of returning salmon abundance and biomass for short-term forecasting.  The trawl 
survey will be used for estimation of mature and immature salmon and other nekton species abun-
dance and biomass, assessment of their biological condition and spatial distribution patterns, size and 
age composition of stocks, and feeding studies.  The scientific team will include 17 persons, including 
eight ichthyologists, four hydrobiologists, three hydrologists, and two acousticians.  

Studies of juvenile salmon migrations are planned in the Okhotsk Sea.  These studies will be con-
ducted aboard the R/V TINRO in the epipelagic zone of the southern Okhotsk Sea, beginning in early 
October and ending in early November.  The trawl survey will provide estimates of juvenile salmon 
and other nekton species abundance and biomass, assessment of their biological condition and 
spatial distribution patterns, size and age composition of stocks, and samples for feeding studies.  
The scientific team will include 17 persons, including eight ichthyologists, four hydrobiologists, three 
hydrologists, and two acousticians.
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United States (Docs. 1508, 1522, 1523, 1530)  

United States National Research Plan:  The United States identified the following research plans that 
reflect the five research components identified under the NPAFC Science Plan for 2011-2015 “Fore-
cast of Pacific Salmon Production in the Ocean Ecosystems under Changing Climate”.

U-1:  Migration and Survival Mechanisms of Juvenile Salmon in the Ocean Ecosystems

Research activities will take place primarily in the coastal waters of the Gulf of Alaska from South-
east Alaska to western Kodiak Island and in the eastern Bering Sea, north of 60°N to the Bering 
Strait.  Activities include: 

(1) repeated measurements of the habitat, and stock-specific life history characteristics of 
salmon from their early marine residence period to their later migration through coastal 
waters; 

(2) fine-scale field studies that focus on aggregations of salmonids to look for specific pro-
cesses or factors that influence their distribution, behavior, and growth; 

(3) studies on diet overlap and prey selectivity among salmon and other fishes; 

(4) genetic stock-identification studies of juvenile, immature, and maturing salmon; 

(5) monitoring of thermally marked salmon; 

(6) studies of growth and size of juvenile and immature salmon; 

(7) modeling salmon production based on interannual variability in early marine salmon sur-
vival and growth; 

(8) describing the trophic dynamics of juvenile salmon and their predators in coastal waters; 

(9) bioenergetic models of juvenile salmon growth; and 

(10) archival tagging of immature and maturing salmonids.  
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Research in the coastal area of the Gulf of Alaska was initiated in 1995.  A coastal monitoring 
activity was initiated in Southeast Alaska during 1997 to examine the extent of seasonal (May–Oc-
tober) interactions between hatchery and wild stocks of salmon, their potential impact on marine 
carrying capacity, and the use of juvenile catch data and associated biophysical parameters to 
forecast pink salmon run strength.  These Gulf of Alaska investigations will continue in 2014.

U-2:     Climate Impacts on Pacific Salmon Production in the Bering Sea (BASIS) and Adjacent 
Waters 

Research activities encompass those listed under U-1 with emphasis on monitoring biological and 
physical environments over a number of years to understand the impact of climate change and 
variability on salmon and groundfish (walleye pollock, Pacific cod, sablefish, rockfish) in the Bering 
Sea and adjacent waters. 

The Bering Sea program in western Alaska began in 1999.  Particular focus of the western Alaska 
research was placed on monitoring effects of climate on growth, migration, and distribution of 
juvenile Bristol Bay sockeye salmon as they migrate in the coastal waters of the eastern Bering 
Sea.  In 2002, research activities expanded into the northeastern Bering Sea to examine impacts 
of climate change and variability on Arctic, Yukon, and Kuskokwim salmon stocks.  The expan-
sion was, in part, due to the NPAFC research program titled Bering Aleutian Salmon International 
Survey (BASIS).

The United States will continue this BASIS research cruise in 2014.  In addition, the United States 
started a 3-year collaborative project between the ADFG and Auke Bay Laboratories of NOAA 
Fisheries.  This project will run a cruise to build upon prior juvenile salmon surveys conducted in 
the northern Bering Sea.  Both Bering Sea cruises will address the NPAFC-BASIS themes that will 
research the following four questions: 

(1) How will climate change and climate cycles affect anadromous stocks, ecologically related 
species, and the Bering Sea ecosystem?  

(2) What are the key climatic factors affecting cyclical changes in Bering Sea food production 
and pelagic fish communities?  

(3) How will climate change and climate cycles impact the available salmon habitat in the Ber-
ing Sea?  

(4) How will climate change and climate cycles affect Pacific salmon carrying capacity within 
the Bering Sea?

U-3:  Winter Survival of Pacific Salmon in the North Pacific Ocean Ecosystem 

The United States does not have plans to conduct winter surveys in the North Pacific Ocean.  The 
United States endorses winter research and will continue to seek partnerships and funding to 
improve our understanding of Pacific salmon overwinter energetics and factors affecting winter 
survival.
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U-4:  Biological Monitoring of Key Salmon Populations 

Research activities under this component are addressed in U-1 for key salmon populations.  The 
key populations monitored during the ocean surveys include: 

(1) Southeast Alaska pink, chum, and Chinook salmon – Southeast Coastal Monitoring 
(SECM) project; 

(2) western Alaska Chinook and chum salmon – Yukon River, northern Bering Sea (BASIS 
Program). 

(3) NMFS Auke Creek Weir – southeast Alaska weir located in Auke Bay, Alaska.  For the 
last 30 years, this continues to provide a comprehensive accounting of all salmon species 
including pink, chum, sockeye, and coho salmon transiting between Auke Lake and Auke 
Bay.  Population trend patterns are being used to understand potential effects of long-term 
climate changes. 

(4) NMFS Little Port Walter Marine Station – research hatchery releasing approximately 
150,000 age-1 Chinook salmon smolts annually.  Data from our 36-plus years of Chinook 
salmon hatchery releases provide one of the most comprehensive resources available for 
tracking stock distribution and survival trends.

The United States will continue to monitor catch and escapement (where available) and hatchery 
releases for salmon populations returning to the Pacific Northwest and to coastal Alaska river 
systems.  These data have been provided each year to NPAFC for use in the annual Statistical 
Yearbook.

U-5:     Development and Applications of Stock Identification Methods and Models for Manage-
ment of Pacific Salmon 

Research activities under this component are designed to find and apply markers capable of 
identifying populations of salmon migrating in the North Pacific Ocean and Bering Sea.  Markers 
include both the application of thermal ‘tags’ to otoliths of hatchery fish as well as the naturally 
occurring DNA variation that describes wild populations.  Otolith protocols are well established.  A 
continuing task for genetics laboratories is to develop standardized methods of genetic analysis 
among Parties.  This standardization has been conveniently leveraged by collaboration among 
agencies and universities working on Pacific Salmon Commission studies.  Both of these data 
types assist in identifying the origins of stocks harvested in mixed-stock fisheries and in determin-
ing the oceanic distribution of the stocks. 

In addition to continued monitoring of thermally marked salmon in research activities outlined 
above and in U-1, the United States will also continue to collect and report on high-seas coded-
wire tags (CWT) recovered from both the Bering Sea and North Pacific Ocean.  These CWT 
recoveries come from research surveys by NPAFC member Parties and from salmon caught as 
bycatch in US Gulf of Alaska and Bering Sea-Aleutian Islands groundfish fisheries.
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2014 United States Cruise Plans:  The United States presented cruise plans for surveys in South-
east Alaska (Doc. 1508), Gulf of Alaska (Doc. 1522), southeastern Bering Sea (Doc. 1523), and 
northern Bering Sea (Doc. 1530).  

Scientists from the National Marine Fisheries Service (NMFS) will conduct the Southeast Alaska 
Coastal Monitoring (SECM) trawl surveys in the vicinities of Icy Strait and Icy Point (57°-58N, and 
134°-137°W) to sample fish, zooplankton, nutrients/chlorophyll, and physical water properties 
using a surface trawl, plankton nets, and an oceanographic profiler (Doc. 1508).  In 2014, SECM 
surveys are scheduled to sample 13 core stations during four monthly intervals from late May to 
late August.  The first survey on May 20-22 will be an oceanographic survey conducted by re-
searchers aboard the RV Sashin.  Oceanographic and trawl surveys in June, July, and August will 
be conducted by scientists aboard a chartered fishing vessel.

NMFS scientists will conduct a fisheries oceanographic trawl survey during summer of 2014 in the 
Gulf of Alaska (GOA) off Southeast Alaska to provide key ecological data on the pelagic ecosys-
tem, examine oceanographic transport mechanisms, lower trophic level production, and age-0 
marine fish and juvenile salmon distribution and condition (Doc. 1522).  Major objectives of the 
survey are to (1) collect biological information on ecologically important marine fish and salmon 
and (2) describe the physical and biological conditions of the GOA.  The survey will be conducted 
at predetermined survey stations by researchers aboard a contracted stern ramp trawling vessel.  
The survey will begin July 5, 2014, in Juneau, Alaska, and end on August 27, 2014, in Juneau, 
Alaska, with a total duration of 43 survey days.

Scientists from NMFS and the Pacific Marine Environmental Laboratory (PMEL) will conduct a 
trawl survey during late summer and fall 2014 within the southeastern Bering Sea to provide key 
ecological data on the pelagic ecosystem (Doc. 1523).  The survey is conducted as part of the 
Bering Aleutian Salmon International Survey (BASIS) phase 2 research plan.  Major objectives of 
the survey are to (1) collect biological information on ecologically important fish species, and to 
(2) describe the physical and biological oceanographic conditions of the southeastern Bering Sea 
waters.  A survey of epi-pelagic fish species, zooplankton, ichthyoplankton, and oceanographic 
measurements will be conducted by researchers aboard the NOAA Ship Oscar Dyson.  All fish 
species will be counted and standard biological measurements including length and weight will 
be taken from subsamples of each species.  Biological and physical oceanographic data will be 
collected at each trawl station as well as opportunistically during the survey.  The survey begins 
August 17, 2014 in Dutch Harbor, Alaska, and ends on October 14, 2014 in Kodiak, Alaska, for a 
total of 53 sea days.

Scientists from ADFG and the Alaska Fisheries Science Center’s Ecosystem Monitoring and As-
sessment Program will conduct a joint survey during late summer and fall 2014 within the north-
ern Bering Sea (Doc. 1530).  The Salmon Research Initiative and will employ two vessels with 
overlapping survey timing.  Major objectives of the survey are to (1) collect biological and oceano-
graphic information pertinent to juvenile salmon in the region; and (2) calibrate trawl catches and 
transition to a smaller and more economical survey platform.  The calibration and transition effort 
is expected to continue over the course of two additional survey years.  The ultimate goal of this 
project is to develop a smaller trawl/smaller vessel alternative to the established northern Bering 
Sea surveys, which may be more economically viable for annual, long-term monitoring of juve-
nile salmon in this region.  Pelagic trawl surveys will collect information on salmon, other pelagic 
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fish, and oceanographic conditions in the northern Bering Sea shelf (north of 60°N), including 
locations within Norton Sound and the Bering Sea Strait aboard a chartered fishing vessel, F/V 
Alaska Endeavor, and ADFG’s R/V Pandalus in August and September 2014.  The smaller (R/V 
Pandalus) and larger vessel (F/V Alaska Endeavor) surveys will include a total of 27 and 25 sea 
days, respectively.  Fish samples will be collected using a midwater rope trawl.  All fish species 
will be counted and standard biological measurements including length and weight will be taken 
from subsamples of each species.  Additionally, biological and physical oceanographic data will 
be collected at each trawl station sampled by the F/V Alaska Endeavor.  Calibration of juvenile 
salmon abundance estimates among the two survey platforms will be accomplished using direct 
comparison of abundance estimates for areas sampled by both vessels and side-by-side paired 
trawl estimates of catch and fishing power.

The CSRS considered requests for exchanges of samples and data.  Each Party updated the list of 
sample and data requests (Appendix 5).

• NPAFC Science Plan

The SSC confirmed the following steps for reviewing the progress of the current NPAFC Science Plan 
(2011-2015) and developing the new Science Plan.

(1) The overarching theme and five research components identified in the current Science Plan 
will be reviewed at the NPAFC Symposium held in Japan on May 17-19, 2015.

(2) Panel members and leaders have been identified for each research component to review 
progress towards completing the objectives of the current Science Plan (Appendix 6) 

(3) The SSC will prepare a document reviewing the current Science Plan in cooperation with the 
panels and develop a draft of the new Science Plan.

The suggested timeline is as follows:

 2015
May 17-19: NPAFC Symposium in Kobe

September 30: Finish review of each research component of the Science Plan by panel members

October 31: Submit a document on the review of 2011-2015 Science Plan compiled by SSC

December 31: Propose the first draft of new Science Plan prepared by SSC

2016
January-April: Review the draft of the new Science Plan by each Party 

May: Endorse the new Science Plan at the 2016 Annual Meeting 
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• 2015 NPAFC International Symposium

The organization plan of the 2015 NPAFC Symposium (Appendix 7) [as Appendix 4 to NPAFC 
Doc.1545] has been developed by the Organizing Committee (= Science Sub-Committee).  The sym-
posium entitled “International Symposium on Pacific Salmon and Steelhead Production in a Changing 
Climate:  Past, Present, and Future” will be held in Kobe, Japan, on May 17-19, 2015, following the 
23rd Annual Meeting.  The goal of the symposium is to utilize the best available information on marine 
ecology of salmonid populations to explain and forecast annual variation in their production and will 
contribute to the review of the 2011-2015 NPAFC Science Plan.  The symposium includes six topic 
sessions designed to cover all research components and the overarching theme of the current NPAFC 
Science Plan.  The session conveners and their roles have been identified.  Keynote speakers will 
be invited for sessions 1 to 5.  The symposium proceedings will be published in NPAFC Bulletin 6 
after peer review.  The NPAFC Secretariat is requested to ask other organizations for symposium co-
sponsorship.  The call for papers was released to the public in June 2014.  The SSC requests CSRS 
approve the symposium plan and the symposium funding request (Appendix 8) [as Appendix 5 to 
NPAFC Doc.1545].

• Review of Parties’ Proposals on Joint Projects to be Financed by the 
Commission

The CSRS requested the Committee on Finance and Administration to approve use of the NPAFC 
fund to support two other items:

Cost of International Year of the Salmon Scoping Meeting in 2014 (Appendix 9) 

This proposal requested $20,000 for funding to convene a small group of interested parties in a 
combination of virtual and face-to-face meetings prior to the 2015 NPAFC Annual Meeting.  This could 
include outside experts who might further develop the IYS Concept for consideration and review by 
the Commission.

Travel Costs for a Salmon Expert to Participate at the PICES/NPAFC Workshop at the 2014 
PICES Annual Meeting in Yeosu, Korea, October, 2014 (Appendix 10) 

The request was for C$4,000 for travel support to cover the cost of sending a salmon expert, K. My-
ers, to participate at the PICES/NPAFC Workshop in Korea (W2: FIS Workshop) “Linkages between 
the winter distribution of Pacific salmon and their marine ecosystems and how this might be altered 
with climate change”.  Myers assisted and provided guidance with pre-workshop preparations, gave a 
presentation at the workshop and assisted in the analysis and interpretation of data presented at the 
workshop. 
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• Unified Statistical Data File Containing Time Series and Annual Statistical Year-
book Data

The Secretariat contracted G. Oka (University of British Columbia) to assemble time series statistical 
data on salmon and steelhead catches, including commercial, subsistence, and sport catches, and 
hatchery releases.  The sources of this information include data previously assembled by the Work-
ing Group on Stock Assessment (WGSA), statistical yearbooks, documents, and updated information 
provided by agencies.  This work has been done in close association with the Secretariat (N. Davis), 
the WGSA Chairperson (J. Irvine), and working group members.  A first “draft” of the database is 
available for downloading from the Members’ Area of the website.  There may be some minor data 
issues to resolve.  

Work on compiling the associated metadata for the database is ongoing and it is anticipated that this 
stage will be completed over the next several months.  When completed, a new webpage will be cre-
ated where the public will be able to download the catch and hatchery release data files and access 
the metadata.

• Transfer Data Storage Tag (DST) Data Files to NPAFC (Doc. 1512)

R. Walker, Project Leader of the High Seas Salmon Program (now retired) and a published expert on 
data storage tags, was contracted by NPAFC to organize the transfer of the data storage tag infor-
mation from the High Seas Salmon Research Program of the University of Washington to NPAFC.  
To complete the work, he organized, reviewed, interpreted, and fully documented the data gathered 
from the individual data storage tags and recently provided this information to the Secretariat.  This 
task represents a portion of the work undertaken by CSRS to address the transfer of data sets to the 
Secretariat and to make them available in electronic form as outlined in CSRS List of Actions No. 7.  A 
total of 92 data storage tags was recovered from 38 chum, 21 sockeye, 15 coho, 10 pink, seven Chi-
nook salmon, and one steelhead trout.  Of the 92 tags, eight failed completely and four others experi-
enced partial failures.  This report provides explanations for raw and modified tag data files, individual 
tag metadata, and graphs for data visualization for the functioning tags.  Investigators considering 
exploring and using the data files from the data storage tags will find the information and guidance 
provided in this report crucial to understanding data file organization and data considerations impor-
tant to appropriate use of the information from the tags.  Previously published peer-reviewed articles 
and processed reports based on data originating from these data storage tags are listed for the con-
venience of researchers needing additional background information. 

Over the next several months, the Secretariat will create a new webpage in the members’ area of the 
website where the data files and metadata associated with these data storage files can be download-
ed.



84

ii. 22nd aNNual meetiNG

• International Year of the Salmon Feasibility Study

The committee agreed that the International Year of the Salmon (IYS) Study Group should continue 
to scope the initiative through a series of virtual and/or face to face meetings of interested parties and 
outside interests and develop an IYS proposal that will be discussed by the NPAFC at the 2015 An-
nual Meeting.  The proposal developed by this group would address the following considerations:

1. Scope of the program (Pacific-Atlantic, Farmed Salmon and other ecosystem considerations, 
etc.)

2. Benefits of the program

3. Potential for funding and identification of partners (NGOs, Industry, State and Federal Agen-
cies, other RFMOs, etc.) 

4. Communications and Outreach Strategy

5. Identification of Field and Analytical Research (Strategic Research Plan)

The proposal will be reviewed virtually by CSRS and come back to the NPAFC for further consider-
ation at the 2015 Annual Meeting.  Suggested timeline for start of implementation of the IYS program 
would be 2016 at the earliest.  A budget request for up to (CAD) $20,000 was submitted to, and 
approved by, the Finance and Administration Committee to support travel and operating expenses 
required to scope the initiative.

The committee recommended the IYS Study Group continue to scope the initiative through a series of 
virtual and/or face-to-face meetings of interested parties to develop an IYS proposal (see Appendix 9).

• Future Meetings (Article VII 5., ToR 8)

PICES-NPAFC Workshop at PICES 2014

This is a one day workshop co-sponsored by PICES (W2: FIS Workshop) titled “Linkages between the 
Winter Distribution of Pacific Salmon and Their Marine Ecosystems and How This Might be Altered 
with Climate Change” and convened by J. Irvine (NPAFC) and Elizabeth Logerwell (PICES).  The 
workshop will be held on October 17 at the PICES 2014 Annual Meeting in Yeosu, Korea.

2015 CSRS

The 2015 CSRS meeting will be held over 3.5 days on May 11-14, 2015, during the NPAFC Annual 
Meeting, starting on Monday afternoon (half day) and continuing Tuesday through Thursday (full 
days).  The meeting will be held in Kobe, Japan.  The committee recommended the Secretariat should 
compile abstracts of scientific research documents and submit them as a document for the next 
CSRS.  The Parties are encouraged to submit documents to the Secretariat at least 30 days before 
the meeting according to the document guideline.  A rapporteur for CSRS will be appointed at the 
beginning of the meeting.  
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8. Consideration of Admin-
istrative and Fiscal Matters
The Commission received from Mr. G. Smith, 
Chairperson of the Committee on Finance and 
Administration (F&A), the Report of the F&A 
(Doc. 1546), which contained information rela-
tive to agenda item 9.  After review, the Com-
mission adopted the F&A report, including its 
recommendations.

• New Timing of Budget Approval Process

As a result of switching the holding of the annual meeting from fall to spring starting in 2014, the issue 
of when/how to approve Budget Estimates arose since the Auditor’s Report of the prior fiscal year is 
not yet available at the May Annual Meeting.  The Report will become available in August/September.

At the request of the committee at the 2013 email F&A meeting, the Secretariat, in consultation with 
the F&A Chair, prepared a proposal of when/how to approve the Budget Estimate and explained its 
details. 

The proposed procedure is as follows:

Budget Projection (Appropriation) of the ensuing year:

At the May Annual Meeting, the Commission reviews/adopts the Budget Projection for the ensuing 
fiscal year prior to and subject to reviewing Auditor’s Report for the previous fiscal year.  When the 
Auditor’s Report becomes available in August, the Secretariat will submit it together with the detailed 
explanation document to the F&A Points of Contact by email.  The Secretariat may submit a revised 
Budget Projection at the same time for approval, if any revision is needed.

Budget Estimate:

At the May Annual Meeting, the Commission reviews/adopts the Budget Estimate for the fiscal year 
following the ensuing year.  This will be done prior to and subject to reviewing the Auditor’s Report for 
the previous fiscal year.  When the Auditor’s Report becomes available in August, the Secretariat will 
submit it together with the detailed explanation document to the F&A Points of Contact by email.  The 
Secretariat may submit a revised Budget Estimate at the same time for approval, if any revision is 
needed.

Budget Forecast:

The Budget Forecast will be submitted to F&A at the May Annual Meeting, but consideration will be 
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deferred until the following year.  If a revision is necessary, it will be submitted in August.

The committee reviewed, considered and recommended approval of the above Secretariat’s proposal 
of the process for approving the Budget Estimate for the ensuing fiscal years. The Auditors’ Report 
and the document, Details of Items for the 2013/14 Fiscal Year, will be available and be emailed to 
the F&A Points of Contacts in August/September 2014 after completion of auditing.  The committee’s 
review, recommendation, and the Commission’s adoption of the reports will be done by email.

• Financial Situation (Projection) for Fiscal Year beginning July 1, 2014 and Esti-
mate for Fiscal Year Beginning July 1, 2015 (Doc. 1494, Rev. 4)

In order to help F&A understand the current 2013/14 fiscal year financial situation before approving 
the Financial Projection for the 2014/15 fiscal year, the Secretariat provided a preliminary report on 
the status of appropriation and expenditure of the General Funds, Working Capital Fund, and Special 
Fund on Scientific Research of the 2013/14 fiscal year.  The table shared expenditures for the current 
fiscal year based on the actual expenses up to March 31, 2014, and projections from April 1 to June 
30, 2014.

Parties acknowledged and approved the document for the current 2013/14 fiscal year.

The Secretariat reported to the committee that the pension triennial actuarial report as of December 
31, 2013, was received at the beginning of May 2014.  The report indicated that the Commission’s 
unfunded liability has now been reduced to $17,000 as of January 1, 2014 from $204,000 (as of Janu-
ary 1, 2011).  Based on the report, there will no longer be a need for the budgeted $50,000 lump sum 
payment on the unfunded liability in the next two fiscal years.  Approximately half of the $17,000 has 
already been paid as of May 2014; hence, the total unfunded liability will be paid up by October 2014.

The committee recommended raising the category of IT/Administrative assistant from DA-2   to DA-3 
effective July 1, 2014.

The committee recommended adoption of the Fiscal Year (2014/2015) Budget Appropriations and 
(2015/2016) Budget Estimate.  The committee acknowledged that revised versions might be submit-
ted by the Secretariat in August/September 2014 together with the Auditors’ Report for the 2013/14 
fiscal year.  The Budget Forecast for the Fiscal Year beginning July 1, 2016, was also presented for 
the guidance of the Parties.

• Replenishment of the Special Fund for the Scientific Research (SFSR) 

At the 2013 email F&A meeting, Canada proposed to add this item to the 2014 F&A agenda.  Canada 
expressed its concern of the depletion of funds in SFSR and if in fact it would affect Commission’s 
related scientific projects.

The Executive Director explained the history of the creation of this fund, its use in the past, and that 
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projects can be funded from the Working Capital Fund upon approval of the Commission as was 
done prior to the SFSR’s establishment.  No transfer of funds between WCF and SFSR is authorized 
under the NPAFC Financial Rules.

• Implementation of the Communication Plan

The discussion evolved around whether Secretariat can act on its own to distribute Commission 
news.  There was a concurrence that the Secretariat must seek prior approval from the Media Points 
of Contact for news other than logistic announcements for the Commission’s events.

After discussion, media contact persons from each Party were identified to serve in this capacity 
interim.  These persons could provide advice and information on contacts for relevant media, port 
authorities, scientific and enforcement agencies, etc., and contribute to the Secretariat’s news release 
distribution list.

Publication Policy Working Group (PPWG) met prior to the F&A meeting to discuss the importance of 
translating media materials into three languages and the value versus cost of producing NPAFC Bul-
letin 6 in hard copy.  

To test the effectiveness of translating, a small set of the NPAFC website items should be translated 
into the Commission’s languages to measure if translating those would increase communication to 
non-English speaking member countries:

 Translate 2014 Annual Meeting News Release 

 Translate seven key webpages into three languages

The committee suggested that in order not to expend too much funds for test translating, the Parties 
will translate on their own, a one-page NPAFC News Release.  For webpage translation, the Secre-
tariat will designate 6 to 8 pages for the Japanese, Korean and Russian Parties to translate on their 
own and transmit them back to the Secretariat to be uploaded to the Commission’s website.  

All Parties agreed to publish Bulletin 6 in hard copy, but that the mailing distribution list should be 
revised to reduce costs to the extent practical.  The Secretariat will send its mailing list to the Parties 
to be reviewed and updated.  The digital version of Bulletin 6 will be uploaded to the NPAFC website 
upon completion.

• NPAFC Internship

As instructed by the Commission at the First Plenary session, the F&A heard the Executive Direc-
tor’s explanation on the number of candidates received, their qualifications and his recommendation.  
Japan and Korea advised the Executive Director that in selecting interns in the future, consideration 
should be first given to persons without previous intern experience; however, already possessing 
significant experience should not disqualify the applicant.  
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The committee reviewed the Executive Director’s proposal and recommended that Y. Simakova be 
selected as the successful intern for the 2014 NPAFC internship program. 

The Secretariat tabled a proposal to improve the wording of the internship qualifications and appli-
cation requirements, as the current language is unclear.  The committee reviewed the Secretariat’s 
proposal and recommended the modified wording to clarify the objectives of the internship program, 
the qualification of applicants, and method of application as appended (Appendix 11)

• Extension of the Period of the Deputy Director’s Term

The F&A reviewed the request by the current Deputy Director to extend her term by one month from 
November 30, 2016 to December 31, 2016, and recommended requested extension. 

• NPAFC Secretariat Staff’s Unused Vacation Leave Time 

At the 2013 email F&A meeting, Canada raised a concern about the future liability regarding the pay-
ment to staff for accumulated unused vacation time.  Canada asked the Secretariat for information 
prior to the 2014 Annual Meeting on current vacation leave balances, dates of deferral approval, and 
estimates of financial liability.  

As per its proposal at the 2013 F&A meeting, the Secretariat submitted the leave statement as of 
March 31, 2014, as well as a proposal on the management of the staff’s unused vacation time.

The F&A discussed and approved the Secretariat’s proposal as appended (Appendix 12) and recom-
mended adoption of the Secretariat’s proposal to include an estimate of the amount of unused va-
cation time at the end of the each fiscal year as a note in the Auditor’s Report.  The committee also 
recommended payment of one-time payout at the end of the fiscal year to staff with any excess over 
262.50 hrs/year as of December 31 each year.  For 2014, the committee recommended payment to 
the Administrative Officer for her 149.50 hrs. excess unused vacation time as of March 31, 2014 in the 
amount of $7,784 before the end the 2013/14 fiscal year.

9. Election of the Commission’s Officers
In accordance with the Rule of Procedure 14, the Commission elected Mr. J. Okamoto of Japan as 
President of the NPAFC and Mr. R. Brown of Canada as Vice-President of the NPAFC. 

In accordance with the Rule of Procedure 15, the Commission elected Mr. A. Monakhov of Russia as 
Chairperson of the ENFO, Dr. L. Low of the United States as Chairperson of the CSRS, and Mr. J. 
Park of Korea as Chairperson of the Committee on F&A.
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10. Other business

a)  Rewards for International Salmon Tagging Research

To facilitate international cooperative research on the stock-specific distribution of salmon in the 
ocean, the Commission provided C$1,000 in prize money to promote the return of high-seas salmon 
tags.  A drawing was held at the Second Plenary by the Working Group on Salmon Tagging.  The 
winners were Chris Bourgeois (U.S.A.) for 1st prize ($500), Alexey Taibulatov (Russia) for 2nd prize 
($300), and Kazuo Hasegawa (Japan) for 3rd prize ($200).

b)  Commemoration of late NPAFC colleagues

The Commission commemorated the passing of colleagues and friends in 2013 and 2014, Drs. R. 
Burgner, O. Gritsenko, L. Klyashtorin, and B. Skud with a slide presentation.

11. News Releases
The Commission reviewed and adopted the news releases proposed by the Secretariat and the Press 
Committee (Appendix 13-18).
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12. Closing Remarks
There were closing remarks of the Representatives of Canada, Japan, Korea, Russia, and the United 
States.

Closing remarks by Mr. Robin Brown, Head of the Canadian delegation: 

Mr. President, delegates, ladies and gentlemen,

Canada would like to begin by once again extending our sincere gratitude to our American colleagues 
for their gracious hospitality in hosting the NPAFC’s 22nd Annual Meeting.

My colleagues and I also wish to thank everyone in the Secretariat for their tireless efforts in preparing 
for this event and ensuring that all of our meetings ran so smoothly. Finally, we would like to thank the 
interpreters and the outgoing chairs of the respective committees for doing such a wonderful job. The 
contributions you have made to the Commission over the last few years have been invaluable.

As I indicated in my opening remarks, this is my first in-person NPAFC meeting. I am grateful to have 
had the opportunity to experience first-hand the successful model of cooperation that I had experi-
enced in a more limited virtual format in the fall, and had heard about for many years previously.

With respect to the work of the Commission, Canada is very pleased with the wonderful collaborative 
work that continues to grow within this organization, including between our enforcement and scientific 
committees, as well as increasing cooperation with other international organizations. It is this founda-
tion of collaboration that makes this Commission so effective and a pleasure to be a part of.

It is a testament to our Secretariat and our members that we can find ways to improve the function-
ing of the NPAFC without sacrificing our financial stability. To ensure this continues, the Commission 
should continue to seek new ways to coordinate with initiatives taking place elsewhere that help ad-
vance our own science and enforcement objectives.

To close, Canada is very much looking forward to participating in next year’s annual meeting in Kobe, 
Japan, and continuing the important work of this Commission throughout the year.

Thank you.
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Closing remarks by Mr. Junichiro Okamoto, Head of the Japanese delegation: 

President, Committee Chairs, distinguished delegates, esteemed observers, Secretariat, our US 
hosts, interpreters, I would like to say a few words on behalf of the Japanese delegation at the closing 
of the 22nd NPAFC annual meeting.

I am afraid I missed thanking Mr. Saunders for his chairmanship of CSRS earlier. I take this opportu-
nity to express my appreciation for his excellent work.

As in the past meetings, we discussed many difficult questions for further development of committee 
activities in NPAFC during this meeting. And just as before, we successfully reached a certain level 
of agreement, thanks to the leadership of the respective chairs of the committees, support from the 
Secretariat, and, of course, the flexible and constructive engagement of the Parties for resolutions. I 
consider it a great achievement. I believe that we owe a lot to our mutual trust, which was seeded by 
INPFC and has grown over more than 20 years of NPAFC amongst ourselves.

Each committee deliberated its responses to a number of issues and has come up with a certain 
direction. NPAFC is empowered by such successful resolutions or the recognition of pathways to pos-
sible resolutions for many difficult and complex challenges.

The 2015 Annual Meeting will be held in Kobe, Japan. We want to make it a meeting that strengthens 
the collaboration and ties amongst the Parties and prepares the organization ready for the new and 
changing time.

Let me take this opportunity to thank you for electing me as new President. I would like to express my 
sincere appreciation to the leadership and hard work of President Belyaev and the committee chairs 
during their tenure for excellent chairmanship. My appreciation also goes to the governments of the 
United States that provided us the opportunity to visit beautiful Portland. Of course my heartfelt thank 
you to President, committee chairs, delegations, observers, Secretariat, everyone who helped the 
operation of this meeting, and interpreters.
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Closing remarks by Mr. Jeongseok Park, Head of the Korean delegation: 

President of the NPAFC, Dr. Vladimir Belyaev, distinguished delegates, ladies and gentlemen and 
observers.

On behalf of the Korean delegation, I would like to deeply thank the Government of the United States 
and its colleagues for hosting this meeting and for their warm hospitality, excellent facilities and the 
reception on board as well, in a beautiful city of Portland in the United States.

I thank President, Dr. Vladimir Belyaev, CSRS Chair, Mr. Mark Saunders, F&A chair, Mr. Gary Smith, 
and ENFO Chair, myself, for their excellent leadership to bring fruitful and meaningful discussions and 
results over the last three years. Without their hard work and guidance, it would not have been pos-
sible to deal with many agenda items so effectively.

I also thank the Executive Director, Dr. Vladimir Radchenko for his great effort and dedication for the 
NPAFC. We all believe that Dr. Radchenko has carried out his mission and performance very well and 
accomplished all tasks successfully, especially with the help of members of NPAFC and competent 
Secretariat staff. In this sense, I am sure that the future of the NPAFC is very bright and optimistic. I 
hope this cooperative spirit among five Parties and the Secretariat staff continues in NPAFC. In addi-
tion, my special thanks go to the President, Dr. Vladimir Belyaev, for his leadership and excellent ser-
vice for several years for making meetings go smoothly whenever we face difficulties and challenges.

Korean delegation is very pleased with the active discussions that have taken place and the decisions 
taken on the basis of such discussions. I believe that we have achieved great progress through the 
cooperative efforts among the Parties to strengthen effective patrol activities and information ex-
change to deter, prevent and eliminate IUU salmon fishing activities in the Convention Area, and we 
have continuously conducted active scientific research and information exchange for enhancement of 
salmon resources.

I would like to congratulate Mr. Junichiro Okamoto on his appointment as new President of NPAFC. I 
am expecting that Mr. Okamoto and Mr. Robin Brown as Vice President and newly selected chairs of 
ENFO, CSRS and F&A will show their leadership and provide excellent services to the NPAFC and all 
participants to produce fruitful discussions in the future.

Before closing, I would like to thank all the interpreters for providing better communication among Par-
ties, and I would like to once again thank all the participants. And I wish to see all of you again in Kobe 
in 2015.

Thank you very much.
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Closing remarks by Dr. Mikhail Glubokovsky, Head of the Russian delegation: 

Dear members of delegations, dear observers, dear ladies and gentlemen!

On behalf of the Russian delegation, I wish to express my deep satisfaction with the results of our 
work at the 22nd session of the North Pacific Anadromous Fish Commission. It was a very produc-
tive meeting. Our work schedule at the 22nd session was tight, we were able to discuss a number of 
issues and for many of them we took weighed coordinated decisions, which will help to preserve the 
unique natural and fishery species - Pacific salmons.

Not least due to the efforts of the Member States of NPAFC, the stocks and catches of Pacific 
salmons remain at a high level.

Everybody worked well and, despite the difficulties, completed all items of the agenda on the 22nd 
session of NPAFC. All Committees have provided substantive reports on the work, which was done.
The amount of work, done by the Committee on Enforcement (ENFO) and the report made by Mr. J. 
Park (Korea) impressed us very much. The joint efforts of the Parties on monitoring the Convention 
Area brought its results. The number of violators reduces every year and all of us can hope than in 
the future there will be even less violators, and there will be no necessity to lift the electronic buoys, 
designed for the detection and recovery of illegal drift-nets in the absence of the latter.

The Committee on Scientific Research and Statistics (CSRS) under the direction of Mr. M. Saunders 
(Canada) has worked very productively. Certainly, there is a contribution of our CSRS in achievement 
of such a high catch of the Pacific salmons in 2013. Scientists from NPAFC penetrate deeper in the 
regularities of salmon stocks’ formation and bring all the most valuable development at the annual 
sessions. A report of the CSRS which includes all the best that was contained in the documents, sub-
mitted by the Parties, became a result of work done by the CSRS.

The Committee on Finance and Administration under the chairmanship of Mr. G. Smith (United 
States) has done their best to continue, despite the difficult financial situation in the Commission, the 
financial provision of our activities.

I want to note a flawless work of the Secretariat under the leadership of NPAFC’s Executive Director 
Dr. Radchenko, working for the first time in this honorable and difficult role. On behalf of the Russian 
delegation, I want to express gratitude to Dr. Radchenko and to all Members of NPAFC’s Secretariat.

I want to note the highly professional work of the interpreters, thanks to which our communication is 
full. 

Special thanks to our hosts for a great meeting and welcome the opportunity to get acquainted with 
the wonderful city of Portland. We will remember with joyous days which we spent here.

This was the first time when we held a session in the spring. It was very nice. Nature wakes up, and 
we are preparing for the new salmon fishing season and full of hope for the successful conduct of it.

Sadly, we now must leave. But the time passes quickly, and I hope that all of us will meet in Kobe 
next year. I wish all of you a safe journey home. Good bye.
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Closing remarks by Mr. Douglas Mecum, Head of the United States delegation:

Mr. President, Fellow Representatives and Delegates, Ladies and Gentlemen,

We have reached the end of another NPAFC Annual Meeting. Perhaps because it is spring and we 
have had wonderful weather in Portland, or because many of us have not seen each other for a year 
and a half, the U.S. delegation has sensed a renewal of energy and purpose among the Parties and 
NPAFC committees this year. Whatever the reason, the results of this year’s meeting have been par-
ticularly gratifying.

The United States congratulates the Parties on a successful 2013 enforcement season in the NPAFC 
Convention Area. This year, no suspected driftnet vessels were sighted and one IUU (illegal, unreport-
ed, and unregulated) transshipment vessel, the Tai Ji, was apprehended. This is the result of success-
ful enforcement planning, multilateral collaboration, and the close partnerships that are supported in 
the Committee on Enforcement. Although it is difficult to improve on zero driftnet vessels, IUU fish-
ing is constantly changing, much like the fisheries resources it pursues, and the threat of this activity 
persists. For that reason, we need to maintain a high level of awareness in order to detect, deter, and 
eliminate it.

We are pleased that in 2013, salmon catches by the United States were the highest of all of the coun-
tries around the North Pacific Ocean. The United States caught 46 percent of the 1.11 million metric 
ton total catch. While overall catches are high, salmon runs vary and low runs in certain areas keep us 
searching for answers. It is important for the United States to stay involved in NPAFC to interact with 
its colleagues and continue to bridge knowledge gaps under the five themes of our Science Plan. The 
United States is pleased to be able to conduct four research surveys this summer. These surveys are 
focused on salmon and their interactions with components of their marine ecosystems. We will con-
tinue to seek new data that will contribute to the combined efforts of this Commission to advance sci-
ence. We believe the CSRS meeting this year was very constructive and we want to thank the Parties 
for sharing their research and data. We look forward to the next Annual Meeting in Kobe, Japan, and 
the important salmon symposium that will be held in conjunction with that meeting.

The ENFO and CSRS committees are dependent on the hard work of the Committee on Finance 
and Administration to carry out their missions. Thanks to it, and the diligence of the Secretariat, the 
NPAFC is financially sound for several years to come. Many national governments could learn from 
the Secretariat and F&A regarding budgeting skills.

We are grateful to our President, Dr. Belyaev, and our committee Chairs, Mr. Saunders, Mr. Park, and 
Mr. Smith for their able leadership and guidance for the past two and a half years. At the same time, 
we welcome the new officers of the Commission and wish them success in their tasks for the next 
two years. We congratulate Dr. Kate Myers on receiving the 2014 NPAFC Award. Her contributions to 
salmon research have long been recognized by the Parties to the NPAFC. We thank all of the partici-
pants for the spirit of cooperation and friendship that they brought to this meeting. Last, but not least, 
we thank our Secretariat for its preparations and hard work and the interpreters for their important role 
in allowing us to understand each other. They have an important role in indirectly advancing salmon 
science and conservation.

On behalf of the United States delegation, I wish you all a safe journey home. We look forward to see-
ing you next year at the 23rd Annual Meeting of the NPAFC in Kobe, Japan.
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IT/Administrative Assistant

meetiNG aNd eveNts - 23 Years of historY

1992
February 11 
Convention was signed in Moscow

February 16
Convention entered into force

February 24
Inaugural Meeting of the Commission in Ottawa, 
Canada.  Secretariat was established.

April 27-29
Meeting of the Sub-Committee of Enforcement in 
Vancouver, Canada.

June 22-24
Inaugural Meeting of the Committee on Scientific 
Research and Statistics in Vladivostok, Russia

November 1-5
1st Annual Meeting of the Commission in Vancouver, 
Canada.

1993
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October 10-15
2nd Annual Meeting of the Commission in Vladivo-
stok Russia.

April 
I. Shestakova takes office as Executive Director, 
replacing S. Hase, Interim Executive Director.

July
H. Endo takes office as Deputy Director.

1994

March 6-10
Research Planning and Coordinating Meeting, 
Seattle, Washington, U.S.A.

November 5-10
3rd Annual Meeting of the Commission in Se-
attle, Washington, U.S.A.  

1995
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October 21-25
4th Annual Meeting of the Commission in Tokyo, 
Japan
October 28-29
International Symposium on Assessment and 
Status of Pacific Rim Salmon Stocks in Sap-
poro, Japan 

1996

January
L. Margolis passes away.  (Canadian 
scientist and Fisrt CSRS Chairman)

February 11
F&A Working Group Meeting in Van-
couver, Canada 

March 4-6
Research Planning and Coordinat-
ing Meeting (RPCM) in Vancouver, 
Canada 

October 27-31
5th Annual Meeting of the 
Commission in Victoria, Canada

1997
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November 1-6
6th Annual Meeting of the Commission in Moscow, 
Russia

March 24-25
Research Planning and Coordinating Meeting 
(RPCM) in Vancouver, Canada 

March 26-27
Workshop “Climate change and Salmon Production” 
in Vancouver, Canada

November 6
NPAFC and PICES sign MOU.

May 
Office relocated from UBC campus to Downtown 
Vancouver.

1998

March 16-19
Enforcement Standardization Symposium in 
Kodiak, Alaska, U.S.A.

March 24-26
Research Planning and Coordinating Meeting 
(RPCM) in Vancouver, Canada 

July
R. Carlson passes away. (American marine 
fisheries biologist)

July
V. Fedorenko takes office as Executive Direc-
tor.

October 24-29
7th Annual Meeting of the Commission in Ju-
neau, Alaska, U.S.A.

November 1-2
International Symposium “Recent Changes 
in Ocean Production of Pacific Salmon” in 
Juneau, Alaksa, U.S.A.

1999
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March 1-3
Enforcement Planning and Coordinating 
Meeting (EPCM) in Tokyo, Japan

March 23-26
NPAFC Co-sponsors El Niño Conference 
in La Jolla, CA, USA.
March 27-28
Research Planning and Coordinating 
Meeting (RPCM) in La Jolla, California, 
U.S.A

October 30-November 2
8th Annual Meeting of the Commission in 
Tokyo, Japan 
November 
NPAFC 5 year Science Plan was ad-
opted.

December
Y. Kondo takes office as Deputy Director

October 29
International Workshop “Factors 
Affecting Production of Juvenile Salmon: 
Comparative Studies on Juvenile 
Salmon Ecology between the East and 
West North Pacific Ocean” in Tokyo, 
Japan

2000
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March 19-20
Research Planning and Coordinating Meeting 
(RPCM) in Seattle, Washington, U.S.A. 

March 21
International Workshop on Salmonid Otolith Marking 
in Seattle, Washington, U.S.A. 

May 14-17
Enforcement Evaluation and Coordination Meeting 
(EECM) in Petropavlovsk-Kamchatsky, Russia

October 28- November 2
9th Annual Meeting of the Commission in Victoria, 
Canada 

October
Plan for NPAFC Bering-Aleutian Salmon International 
Survey (BASIS) in 2002-2006 was presented.  

2001

October 6-11
10th Annual Meeting of the Commission in Vladivostok, Russia 

March 12-13
Research Planning and Coordinating Meeting 
(RPCM) in Vancouver, Canada 

January 28-February 1
NPAFC Co-sponsors Stock Enhancement and 
Sea Ranching Symposium in Kobe, Japan.

March 14-15
Joint Meeting of IBSFC, ICES, NASCO, NPAFC, PICES on “Causes of Marine Mortality of Salmon in 
the North Pacific and North Atlantic Oceans and in the Baltic Sea” in Vancouver, Canada

May 7-9
Enforcement Evaluation and Coordination Meeting (EECM) in Kodiak, Alaska, U.S.A.

May 27-29
Bering-Aleutian Salmon International Survey (BASIS) Working Group Meeting in Vladivostok, Russia

2002
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May 21-22
Enforcement Evaluation and 
Coordination Meeting (EECM) in Queen 
Charlotte City, B.C., Canada

May 27
Republic of Korea became the fifth 
member of the Commission.
May 29-30
Research Planning and Coordinating 
Meeting (RPCM) in Seattle, Washing-
ton, U.S.A. 

October 23-31
11th Annual Meeting of the Commission in Honolulu, Hawaii, U.S.A.

November 1-2
International Workshop on “Application of Stock Identification in Defining Marine Distribution and 
Migration of Salmon” in Honolulu, Hawaii, U.S.A. 

December
T. Uoya takes office as Deputy Director.

May 30
Bering-Aleutian Salmon International Survey (BASIS) Working Group Meeting in Seattle Washington, 
U.S.A.

2003
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2004
May 12-13
Research Planning and Coordinating Meeting 
(RPCM) in Petropavlovsk-Kamchatsky, Russia 

May 14
Bering-Aleutian Salmon International Survey 
(BASIS) Working Group Meeting in Petropavlovsk-
Kamchatsky, Russia 

May 26-27
Enforcement Evaluation and Coordination Meeting (EECM) in 
Kushiro City, Hokkaido, Japan 

October
The NPAFC Public Lecture “Pacific Salmon a Gift from the Sea” 
took place in Sapporo, Hokkaido, Japan 

October24-29
12th Annual Meeting of the Commission in Sapporo, Hokkaido, 
Japan

October 30-31
International Workshop “BASIS-2004:  Salmon and Marine Ecosystems in the Bering Sea and 
Adjacent Waters” in Sapporo, Hokkaido, Japan

April 21-22
Research Planning and Coordinat-
ing Meeting (RPCM) in Nanaimo, B.C., 
Canada 

May 18-19
Enforcement Evaluation and Coordination 
Meeting (EECM) in Vladivostok, Russia

October 24-28
13th Annual Meeting of the Commission in Seogwipo, Jeju Island, Republic of Korea

October 30-November 1
NPAFC-PICES Joint Symposium “The status of Pacific salmon and their role in North Pacific marine 
ecosystems” in Seogwipo, Jeju Island, Republic of Korea  

October
New NPAFC Science Plan 2006-2010 
was approved.

2005
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December 
S. Urawa takes office as Deputy Director.

March 2
Enforcement Symposium in Juneau, Alaska, USA 

February 28-March 1
Enforcement Evaluation and Coordination Meeting 
(EECM) in Juneau, Alaska, USA

April 24-25
Research Planning and Coordinating Meeting (RPCM) 
in Sapporo, Hokkaido, Japan

April 26-27
2nd NPAFC International Workshop on “Factors 

Affecting Production of Juvenile Salmon: Survival Strategy of Asian and North American Juvenile Salmon in the 
Ocean” in Sapporo, Hokkaido, Japan
Octocber 23-27
14th Annual Meeting of the Commission in Vancouver, B.C., Canada

2006

February 28-March 1
Enforcement Evaluation and Coordination 
Meeting (EECM) in Busan, Republic of 
Korea

April 25-27
Research Planning and Coordinating 
Meeting (RPCM) in Honolulu, Hawaii, 
U.S.A.

October
Long-Term Monitoring and Research Project funded by Moore Foundation was started.

October 8-12
15th Annual Meeting of the Commission in Vladivostok, Russia

2007
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February 27-29
Enforcement Evaluation and Coordination Meeting 
(EECM) and North Pacific IUU Tripartite Meeting in 
Vancouver, B.C., Canada

April 7-9
First Meeting for the Long-Term Research and 
Monitoring Plan (LRMP) in Sokcho, Republic of 
Korea

April 10-11
Research Planning and Coordinating Meeting 
(RPCM) in Sokcho, Republic of Korea

November 17-21
16th Annual Meeting of the Commission in Seattle, 
WA, U.S.A

November 23-25
International Symposium on “Bering-Aleutian 

Salmon International Survey (BASIS): Climate Change, Production Trends and Carrying Capacity of 
Pacific Salmon in the Bering Sea and Adjacent Waters” in Seattle, WA, U.S.A.

September 29-October 2
Second Meeting of the LRMP in Nanaimo, B.C., 
Canada

February 23-25
Enforcement Evaluation and Coordination Meeting (EECM) 
and 2nd Enforcement Workshop in Fukuoka, Japan

April 21-23
Research Planning and Coordinating Meeting (RPCM) in 
Yuzhno-Sakhalinsk, Russia

June 18-20
Third Meeting of the Long-Term Research and Monitoring Plan (LRMP) in Hon-Shiogama, Japan
November 2-6
17th Annual Meeting of the Commission in Niigata, Japan
December 1
Deputy Director’s term in office of S. Urawa extended for one year.

2009

2008
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2011

May 19-20
Research Planning and Coordinating Meeting 
(RPCM) in Vancouver, Canada

April 20-21
Enforcement Evaluation and Coordination Meeting 
(EECM) in Yuzhno-Sakhalinsk, Russia

November 1-5 
18th Annual Meeting of the Commission in Busan, 
Korea

December 1
N. Davis takes office as Deputy Director

2010

April 11-19
Research Planning and Coordinating Meeting 
(RPCM) by email communication

October 23-28
19th Annual Meeting of the Commission in 
Nanaimo. B.C., Canada

October 30-31
NPAFC International Workshop on Explana-
tions for the High Abundance of Pink and 
Chum Salmon and Future Trends in Nanaimo, 
B.C., Canada

February 23-24
Enforcement Evaluation and Coordination 
Meeting (EECM) in Honolulu, Hawaii, U.S.A.

January - July
The first NPAFC intern Ms. Y. Ogata from 
Japan, worked at the NPAFC Secretariat.
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January
The first NPAFC trainee Mr. Youngho Park from 
Korea starts working at the Secretariat

March 27-28
Enforcement Evaluation and Coordination 
Meeting (EECM) and Enforcement Workshop on 
“Procedures of Interception and Seizure of Vessels 
of Interest on the High Seas” in Jeju Island, Korea

October 7-12
20th Annual Meeting of the Commission in St. Pe-
tersburg, Russia

April 10-18
Research Planning and Coordinating Meeting 
(RPCM) by email communication

2012         

March 26-27
Committee on Enforcement (ENFO) Meeting in Vancouver, 
British Columbia, Canada

April 23-24
Committee on Scientific Research and Statistics (CSRS) 
Meeting in Honolulu, Hawaii, U.S.A.

September 23-27
Committee on Finance and Administration (F&A) Meeting by 
email communication

June 30
Vladimir Fedorenko retires after 14 years of service

July 1
Vladimir Radchenko takes office as Executive Director

November 12-15
21st Annual Meeting by email communication

April 25-26
NPAFC 3rd International Workshop on Migration and Survival 
Mechanisms of Juvenile Salmon and Steelhead in Ocean 
Ecosystems in Honolulu, Hawaii, U.S.A.

2013
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2014       

March 11-14
Virtual Enforcement Evaluation and Coordination 
Meeting (EECM) by email communication

May 12-16
22nd Annual Meeting of the Commission in Portland, 
Oregon, U.S.A. 

September 8
Second NPAFC intern, Ms. Yulia Simakova from 
Russia starts working at the Secretariat

October 17
NPAFC-PICES Collaborative Workshop on Linkages 
between the winter distribution of Pacific salmon and 
their ecosystems, Yeosu, Republic of Korea. 
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Joint Scheme of Patrolling 2014

Month April May June July August September October November December

Week 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

Canada Aircraft

Radar Sat

Japan Aircraft

Patrol 
vessels

Korea Aircraft

Cutters

Russia Aircraft
(Sakhalin)

Cutters
(Sakhalin)

Aircraft
(North East)

Cutters
(North East)

United 
States

Aircraft

Cutters

COMMENTS (Area of Patrol)
Canada Aircraf: May 11- June 1 planned flying period.
Japan Aircraft: FAJ 124 hours / 31 days   JCG 6 hours / 2 days
Japan Patrol vessels: patrol trip
Korea Aircraft: 14-16 July 2014 (Tentative), E-5, E-6 and E-7
Korea Cutters: 14-16 July 2014 (Tentative), E-5, E-6 and E-7
United States Aircraft: Patrols are 24 April - 10 May and also 24 June - 04 July
United States Cutters: USCGC MORGENTHAU will be in NPAFC Convention Area from 01 May - 

31 July

Legend: Aircraft Tentative

Surface Aircraft Intermittent

Reserve (will be flown if earlier flights are cancelled due to weather, 
maintenance, etc.)

Radar Satellite

Appendix 1. Joint Scheme of Patrolling 2014



124

Appendices

Appendix 2. NPAFC-PICES Framework for Enhanced Scien-
tific Cooperation in the North Pacific Ocean 
NPAFC-PICES Framework for Enhanced Scientific Cooperation 
in the North Pacific Ocean

28 April 2014

Executive Summary

The joint NPAFC-PICES Study Group on Scientific Cooperation in the North Pacific Ocean (SG-SC-
NP) agreed on the need for a formal framework to guide, develop, implement, and monitor activities 
between PICES and NPAFC in the area of science cooperation. 

The framework identifies two major scientific topics of joint interest to NPAFC and PICES, but does 
not prioritize these topics, nor provide a time table for their investigation:

• Effects of climate change on the dynamics and production of Pacific salmon populations; and
• Oceanographic properties and the growth and survival of Pacific salmon; 

The framework describes various collaborative mechanisms that can be followed including joint 
working groups, joint workshops and symposia, theme sessions at PICES annual meetings, and joint 
strategic initiatives. The framework will be discussed by PICES at their inter-sessional meeting of 
the Science Board in April 2014 and at the May 2014 meeting of NPAFC. Final approval by PICES is 
required at their October 2014 Annual Meeting.

The SG-SC-NP recommends that the framework for enhanced collaboration be implemented imme-
diately after approval by both Organizations, and that two persons from each Organization provide 
annual updates to the PICES Science Board and NPAFC CSRS concerning the implementation of this 
framework. 

1.0  Background

The NPAFC (North Pacific Anadromous Fish Commission) and PICES (North Pacific Marine Science 
Organization) are inter-governmental organizations with overlapping geographical areas and common 
interests in the sub-Arctic regions of the North Pacific Oceans. Both organizations have responsibili-
ties to promote and coordinate marine scientific research and to promote collection and exchange of 
information and data related to subarctic marine ecosystems.

In recognition of shared interests and a desire by both organizations to facilitate and enhance coop-
eration between them, a Memorandum of Understanding (MOU) was signed in 1998 that provides for 
a general framework for mutual cooperation (Appendix 1). Consistent with the MOU, the two organiza-
tions have a long history of cooperative efforts (Appendix 2).

In an effort to enhance collaboration between the two organizations to achieve better and/or more 
rapid understanding of natural and anthropogenic variability in North Pacific marine ecosystems, the 
joint NPAFC-PICES Study Group on Scientific Cooperation in the North Pacific Ocean (SG-SC-NP) 
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was established in 2013 to review each organization’s scientific needs and identify where similar key 
questions or scientific issues might be explored jointly by both organizations.  
The following are the terms of the reference of the joint NPAFC-PICES Study Group (hereafter, SG):

1. Review existing and planned scientific activities of each organization 
2. Develop a list potential areas of cooperation
3. Convene a meeting/workshop for the following purposes

a.  improve understanding of the science activities of each organization
b. review scientific topics from TOR (1) to identify areas of common interest
c. develop a framework for cooperation between NPAFC and PICES that lists categories of joint 
activities and the rationale for each, including the benefits to each organization from the joint 
activity, and identify priorities for joint activities within categories
d. recommend processes for implementing TOR (3c)
e. recommend approaches to develop a strategic plan for cooperation and mechanisms to peri-
odically update that plan

4. The Co-Chairpersons will prepare a final Study Group report for distribution by the NPAFC-
PICES Secretariats by spring 2014.

Membership of the SG comprised James Irvine (Chairperson, Working Group on Stock Assessment), 
Nancy Davis (NPAFC Secretariat), Shigehiko Urawa (Chairperson, Science Sub-Committee), and 
Alexander Zavolokin (Science Sub-Committee) from NPAFC and Elizabeth Logerwell (FIS Commit-
tee Chairman), Skip McKinnell (PICES Secretariat), Hiroaki Saito (FUTURE/COVE Advisory Panel 
Chairman), and Thomas Therriault (Chairman-elect, Science Board) from PICES. James Irvine and 
Elizabeth Logerwell co-chaired the group.

The SG’s only face-to-face meeting occurred during PICES-2013 in Nanaimo, BC, Canada, on Octo-
ber 16, 2013. Most SG members were present, including several observers: Mark Saunders (NPAFC/
DFO), Vladimir Radchenko (NPAFC), Laura Richards (PICES/DFO), John Field and Catherine Mich-
ielsens (Pacific Salmon Commission), and Sue Grant (DFO).  

At the SG meeting, brief overviews of PICES and NPAFC organizational structures and scientific 
missions were provided and scientific needs and overlapping issues that might be explored jointly by 
both organizations were discussed.

Presentations describing the SG were made to the COVE and FIS Working Groups as well as PICES 
Science Board. A SG-SC-NP Workshop was approved for the PICES 2014 Annual Meeting in Yeosu, 
Korea, entitled “Towards Improved Understanding of Linkages Between Pacific Salmon and Their 
Marine Ecosystems”.

Preliminary work on the framework for cooperation between NPAFC and PICES was initiated at the 
SG meeting and a commitment made to continue this work afterwards. After the meeting, the SG 
continued discussion, consideration, and drafting of the framework for enhanced cooperation by email 
correspondence.  

1.1  NPAFC organizational structure and procedures
The NPAFC is an international inter-governmental organization established under the Convention 
for the Conservation of Anadromous Stocks in the North Pacific Ocean that came into force in 1993. 
The contracting Parties include Canada, Japan, Republic of Korea, the Russian Federation, and the 
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United States of America. The primary objective of NPAFC is to promote the conservation of anadro-
mous stocks in the Convention Area. The anadromous stocks covered by the Convention are Pacific 
salmon (sockeye salmon, Oncorhynchus nerka; pink salmon, O. gorbuscha; chum salmon, O. keta; 
coho salmon, O. kisutch; Chinook salmon, O. tshawytscha; masu salmon, O. masou) and steelhead 
trout (O. mykiss).

The NPAFC Convention Area is the waters of the North Pacific Ocean and its adjacent seas, north of 
33°N beyond the 200-mile exclusive economic zones (EEZs) of the coastal states (Fig. 1).

The NPAFC manages its treaty responsibilities under three standing committees (Fig. 2): Committee 
on Finance and Administration (F&A), Committee on Enforcement (ENFO), and the Committee on 
Scientific Research and Statistics (CSRS). As its title suggests, the F&A committee deals with mat-
ters internal to NPAFC and is not relevant to further discussion for this framework, except that every 
proposal for NPAFC funds must be approved by the F&A committee. The primary objective of the 
ENFO committee is to deter illegal, unregulated, and unreported fishing in the Convention Area. To 
achieve this, ENFO exchanges information on fisheries enforcement, high-seas patrol efforts, and in-
spection. As such, ENFO’s responsibilities are largely outside the concern of the scientific framework. 
The scientific framework provides a pathway for coordination with NPAFC through its third standing 
committee—CSRS. The responsibilities of CSRS are (1) to provide the best available information on 
the condition of anadromous populations and, as appropriate, ecologically related species, and their 
marine ecosystems; (2) to promote acquisition, analysis, and dissemination of scientific information 
pertaining to anadromous populations and ecologically related species in the ocean; and (3) coor-
dinate and establish effective mechanisms for international cooperation to promote conservation of 
anadromous populations in the ocean. 

The CSRS is composed of one spokesperson and advisors from each of the five Contracting Par-
ties. The individual Parties determine who will attend the CSRS meeting, so at any particular CSRS 
meeting, the participants can change, although in practice some of the same people participate at 
meetings over several years, and some members have participated at CSRS meetings for a decade 
or more. The CSRS convenes once per year, routinely at the NPAFC annual meeting, which will begin 
meeting in May in 2014. 

The CSRS currently has one sub-committee and five working groups that help to carry out its func-
tions (Fig. 2). These six sub-groups of CSRS are not permanent, but most have continued for more 
than five years, as they continue to serve the CSRS by drafting scientific planning documents, or cre-
ating and maintaining databases in support of CSRS responsibilities. In addition to these sub-groups, 
occasionally more ephemeral sub-groups are created by CSRS to serve a more focused purpose, for 
example to organize a meeting or draft a report or proposal to answer a specific requirement.  

Membership in any of the sub-groups of CSRS is composed of a Chairperson and at least one person 
from each of the five Contracting Parties who is named by the Party.  

Decision making at the NPAFC follows from deliberation of the CSRS and acceptance of the CSRS 
report and its recommendations to the representatives at the NPAFC annual meeting. The origin of 
a proposal can be from one of the CSRS sub-groups, or from CSRS itself. Discussion of a proposal 
is held at the annual meeting of the CSRS, which is usually held at the NPAFC Annual Meeting. If a 
proposal is unanimously supported by CSRS, the proposal is incorporated as a recommendation into 
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the committee’s report and presented to the plenary session of the Commission at the annual meet-
ing, where the CSRS requests approval by the Commission of its report and its recommendations. At 
the point when the representatives approve the CSRS report and its recommendations, the proposals 
initiated at the CSRS have been approved by NPAFC. Any proposal that requires funding must also 
be approved by the F&A committee.

The NPAFC Secretariat supports the work of NPAFC by providing administrative services to the 
Commission; compiling and disseminating statistics and reports, organizing meetings, developing 
and maintaining the website, handling the routine of running the organization, and other functions as 
determined by the Commission.

Currently the NPAFC is working under the 2011-2015 Science Plan (NPAFC Doc. 1255, 2010; avail-
able at www.npafc.org). The Science Plan was developed by the Science Sub-Committee and ap-
proved by CSRS and the Commission. The Science Plan recognizes a strong need for international 
cooperative research to provide better scientific information on the ecological mechanisms regulating 
production of anadromous populations, to estimate climate impact on salmon populations in North 
Pacific marine ecosystems, and to examine the extent to which salmon populations can be used as 
indicators of conditions in North Pacific marine ecosystems. The goal of the Science Plan is to fore-
cast Pacific salmon production in the ocean ecosystems under changing climate. Under this over-
arching theme, there are five research components: 

(1) Migration and survival mechanisms of juvenile salmon in the ocean ecosystems 
(2) Climate impacts on Pacific salmon production in the Bering Sea (BASIS) and adjacent waters
(3) Winter survival of Pacific salmon in the North Pacific Ocean ecosystems 
(4) Biological monitoring of key salmon populations
(5) Development and applications of stock identification methods and models for management of 
Pacific salmon 

To accomplish the goals set out in the 2011-2015 Science Plan, the Parties’ scientists have published 
results in scientific journals, submitted information in the form of NPAFC documents, and NPAFC 
has organized and sponsored workshops and published technical reports. In May 2015 there will be 
an open NPAFC science symposium in Kobe, Japan. The goal of the symposium is to bring together 
international scientists to discuss and review progress on research relevant to these five components. 
Articles submitted at the symposium will be peer-reviewed and, if accepted, published in the NPAFC 
Bulletin series.

In 2015 the Science Sub-Committee will be considering and developing a new science plan for ap-
proval by CSRS and the Commission. As appropriate, any initiatives developed in this framework 
could be incorporated into the next Science Plan.  

1.2  PICES organizational structure and procedures
The North Pacific Marine Science Organization (PICES) is the international, inter-governmental or-
ganization that is responsible for coordinating and promoting marine scientific research and scientific 
information exchange among its members (Canada, Japan, People’s Republic of China, Republic 
of Korea, Russian Federation, and the United States of America). The primary area of interest to the 
organization is the northern North Pacific Ocean, bounded at the south by 30°N latitude and in the 
north by Bering Strait. PICES was established by international convention in 1992, with a Secretariat 
hosted by Fisheries and Oceans Canada at the Institute of Ocean Sciences, Patricia Bay, Canada.
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Two delegates from each member country plus a Chairman elected by the delegates form a Govern-
ing Council that is responsible for policy, general direction, decision-making, and priority setting (Fig. 
3). The scientific activities of PICES are established by a network of 300 scientists, appointed by the 
members to serve on standing committees and various thematic expert groups. Governing Council 
is advised by its Science Board on scientific priorities. The Science Board is formed by the Chairmen 
of the six permanent Scientific Committees, Technical Committees and Advisory Panels of Scientific 
Programs. Should any member country not be represented on Science Board by virtue of not having a 
chairmanship, it can appoint a representative to serve its scientific interests.

The scientific work of PICES is conducted primarily by ephemeral working groups and study groups 
with 1-3 year lifespans to achieve the results described in their terms of reference (Fig. 3). Advisory 
panels and sections provide longer-lived expert groups to maintain specific expertise within PICES. 
Chairmanship for expert groups is often shared by Asian and North American scientists. The scientific 
and technical committees are responsible for the planning and direction of major disciplinary themes. 
They provide general supervision to the expert groups and report their activities to Science Board. 

From time to time, Science Board has provided formal scientific advice to a member country but it 
is not a major activity. Scientists in PICES have focused on reporting status and trends in the North 
Pacific and understanding the nature and consequences of global climate change. New initiatives will 
seek to communicate this understanding to society.

The work of PICES is determined primarily by the scientists of the member countries. They are sup-
ported by a Secretariat that is responsible for organizing their international meetings and workshops, 
publishing their work, fundraising, maintaining and developing the PICES website, maintaining and 
enhancing relations with other international organizations, and for the day to day running of the orga-
nization. When called upon, the Secretariat leads the development of major scientific products.

The PICES Strategic Plan describes how the organization will implement its mission to promote and 
coordinate marine scientific research (www.pices.int/about/strategic_plan.aspx). The plan lists several 
goals, the first five of which are especially relevant to this framework: 

(1) Understand the functioning, resilience, and vulnerability of marine ecosystems
(2) Understand and quantify how marine ecosystems respond to human activities and natural 
forcing
(3) Provide scientific advice pertinent to North Pacific ecosystems
(4) Ensure that PICES products are relevant, timely, and broadly accessible 
(5) Collaborate with organizations and scientific programs relevant to PICES

PICES activities are further guided by its current 10-year integrated research program FUTURE: 
Forecasting and Understanding Trends Uncertainty and Responses of North Pacific Marine Ecosys-
tems. FUTURE is an integrative scientific program undertaken by the member nations and affiliates 
of PICES to understand how marine ecosystems in the North Pacific respond to climate change and 
human activities, to forecast ecosystem status based on a contemporary understanding of how na-
ture functions, and to communicate new insights to its members, governments, stakeholders and the 
public. FUTURE will be one of the highest priority activities of PICES for the next decade (www.pices.
int/members/scientific_programs/FUTURE/FUTURE-main.aspx). 
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2.0  Major scientific topics of joint interest to NPAFC and PICES

PICES has a much broader scientific mandate than NPAFC. As described above, PICES is tasked 
with understanding how marine ecosystems respond to climate change and human activities. Climate 
change is a major component of the current NPAFC Science Plan but research focuses on the con-
servation of anadromous salmon. This can include, as outlined in the convention, scientific research 
on other ecologically related species.

Improved collaboration should allow NPAFC and PICES scientists to add value to their science, 
provide synergies on regional and global issues, and enhance the visibility of both organisations. This 
strategy should be adaptive to allow the organisations to respond to changing priorities of each orga-
nization’s member nations and of the scientific world. 

The SG identified two broad research areas of mutual interest, each with various subtopics. The fol-
lowing list is not prioritized and there is some overlap among items listed. 

2.1  Effects of climate change on the dynamics and production of Pacific salmon populations
Climate change will likely result in increases in ocean temperature that could impact the survival of 
many marine organisms, including salmon. Furthermore, climate change could result in changes to 
many characteristics of an ecosystem, such as species biomass, community species composition, 
and seasonal dynamics of prey and predators. These changes could result from increasing ocean 
temperature, increasing stratification, increased mixed layer depth, and/or decreases in nutrient con-
centration. There are many areas of possible collaboration between NPAFC and PICES, particularly 
with the PICES/ICES Section on “Climate Change Effects on Marine Ecosystems (S-CCME)”. Some 
focused research topics include the following:

(1) Key climatic and oceanographic factors affecting long-term changes in food production and 
salmon growth rates
(2) Environmental factors that affect salmon ocean distribution (e.g., temperature, salinity, prey 
biomass, etc.) and how distribution (including winter) may be affected by climate change
(3) Linkages between salmon marine survival and climate and ocean change
(4) Impacts of climate change on available salmon habitat and salmon production
(5) The human dimension of ecosystem change, a new area of interest for PICES, is a key ele-
ment of its FUTURE research initiative. Although NPAFC’s mission is the conservation of salmon, 
its salmon scientists may be able to collaborate on specific research questions.

2.2  Oceanographic properties  and the growth and survival of Pacific salmon
Expertise in PICES with ocean modeling and with experience with non-salmonids could provide a 
productive area of collaboration with salmonid experts at NPAFC to better understand the factors af-
fecting salmon growth, mortality and ultimately production.

2.2.1 Early marine period
The early marine life history phase is generally regarded as a critical period in determining brood 
stock abundance for Pacific salmon. However, linkages between oceanographic factors and salmon 
survival and growth are poorly understood. The collaborative activities of NPAFC and PICES could 
improve our understanding of how juvenile salmon growth and survival are affected by oceanographic 
conditions.
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2.2.2 Winter diet and growth/survival of salmon
Biomass of many zooplankton taxa (copepods, euphausiids, gelatinous zooplankton and others) is 
low in the winter in the subarctic Pacific. Many planktivorous pelagic and some mesopelagic mycto-
phids migrate south during winter. Demersal fish are often piscivorous and thus may rely on cannibal-
ism in the winter when prey abundance is low. This raises the question of how lower trophic level prey 
resources in winter influence salmon growth and ultimately survival and population dynamics.

2.2.3 Density dependent effects on salmon growth and survival in a varying environment 
Salmon abundance in the North Pacific is at all-time high levels yet growth and survival for some pop-
ulations is declining. PICES completed a 10-year program on carrying capacity (CCCC) in 2009 and 
is now focusing on a new research program, FUTURE. The expertise of PICES and NPAFC scientists 
could bring new insight to understanding density dependent effects on salmon and forecasting salmon 
production.

2.2.4 Density independent effects on salmon growth and survival - Ocean Nutrients
Density independent effects on salmon tend to be hard to predict, have high impact, but are infre-
quent. One example is the hypothesis that episodic injections of allochthanous nutrient sources 
(e.g.  iron) may be responsible for enhanced biological production leading to higher abundances of 
salmon.  NPAFC scientists could provide time series of salmon abundance and biomass at appropri-
ate geographical scales. PICES scientists could provide relative magnitudes of interannual variability 
in nutrients and resultant phenology and productivity of lower trophic levels, and together researchers 
could review ocean ecosystem models of the North Pacific to explore the ecosystem effects of nutrient 
injections 
3.0  Implementation procedures

Potential mechanisms for enhancing cooperation between NPAFC and PICES include: 
1. Theme sessions at PICES annual meetings 
2. Joint working groups 
3. Symposia 
4. Workshops 
5. Strategic initiatives
6. Other

3.1  Theme sessions at PICES annual meetings
Joint theme sessions at PICES Annual Meetings held in October are an excellent potential mecha-
nism for cooperation between PICES and NPAFC. There are numerous past examples of sessions 
that PICES has co-convened  with other organizations such as International Council for the Explora-
tion of the Sea (ICES), Integrated Marine Biogeochemistry and Ecosystem Research (IMBER), Group 
of Experts on Scientific Aspects of Marine Pollution (GESAMP), Northwest Pacific Action Plan (NOW-
PAP), International Scientific Committee for Tuna and Tuna-like Species in the North Pacific Ocean 
(ISC), Ocean Network Canada, U.S. CLIVAR, Surface Ocean Low Atmosphere Study (SOLAS), and 
many others. The benefits of sharing research findings and expertise have been demonstrated by 
these examples. Convening topic sessions at NPAFC annual meetings is not a mechanism used by 
NPAFC for public review of science. Open discussion of NPAFC science is typically achieved  through 
workshops and symposia that are often held immediately after annual meetings.
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PICES – Topic session proposals by scientists working under the PICES umbrella should be sub-
mitted to the PICES website by the deadline, typically September 1 of the calendar year before the 
Annual Meeting of interest. Proposals should include: a title, duration (full or half day), session de-
scription, list of conveners, sponsoring PICES Scientific Committee(s), co-sponsoring organizations (if 
any), and whether (and where) a publication is intended. The proposals are then ranked by all Com-
mittee members online. At the Committee meetings at the Annual Meeting in the fall (the year before 
the meeting of interest), recommendations for which session proposals to support are finalized. The 
Committee Chairmen then present the recommendations to the Science Board (SB) for final decision. 
The PICES SB will evaluate and agree on co-sponsoring of sessions. The agreement will consider 
not just the scientific excellence and appropriateness of the proposals, but also the financial con-
straints of funding such sessions. 

NPAFC – To implement a joint PICES-NPAFC topic session or workshop at a PICES annual meeting, 
the NPAFC process starts when the Science Sub-Committee (SSC), working with a PICES counter-
part, develops the proposal and the other information required by PICES. Proposals for workshops 
and topic sessions are submitted on-line by early September of the calendar year before the PICES 
annual meeting of interest. At the NPAFC annual meeting in May (the year before the PICES annual 
meeting of interest), the proposal comes from SSC to CSRS who may recommend it to the Commis-
sion, which can approve it at the same meeting. The conveners would then submit the topic proposal 
to PICES during the summer according to the PICES process described above. If there are NPAFC 
travel funds to be requested, then at the NPAFC annual meeting in May of the calendar year when 
the topic session will take place, the request for funding would originate from the SSC, and if agreed 
by CSRS it would be forwarded to F&A for possible approval by the Commission. Successful imple-
mentation of a topic session from the NPAFC perspective requires that agreement and approval be 
obtained at each organizational level—SSC, CSRS, F&A (if funds are requested) and the Commis-
sion at the annual meeting in May. Minimum lead time is approximately one and half years.

 
3.2  Joint working groups
PICES and NPAFC have limited experience with joint working groups with other organizations. PICES 
has one previous example of a joint working group with another organization (ICES) that led to the 
establishment of a PICES Section with a broader mandate and longer lifetime based on the success 
of the joint working group. NPAFC has no previous experience of a joint working group with another 
organization, other than short-lived co-organizing committees and the study group that developed 
this framework. Potentially, joint working groups represent one of the most effective mechanisms for 
cooperation when there is the need to focus on a specific topic with specific deliverable defined by the 
terms of reference. 

PICES – The activities of Working Groups (WG) in PICES are overseen by its Scientific Committees. 
In general, few are formed each year so effective planning is a crucial element of successfully estab-
lishing a new WG. The need to establish a WG usually follows after one or a series of topic sessions 
and workshops that are organized on a common theme over a period of 1 year or more. Thereafter, 
a request for a Study Group (SG, generally 1 year in duration) can be a first step in establishing the 
Terms of Reference and potential membership of a Working Group, with a typical duration of 3 years. 
FUTURE Advisory Panels will review these proposals to determine their relevance and importance to 
the FUTURE Science Program. As a consequence of the relatively lengthy process, there is no set 
schedule for submitting proposals, except to note that SG/WG proposals can be brought to the at-
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tention of Science Board by a Committee Chairman either at the inter-sessional meeting in the spring 
or at the annual meeting in the fall. As decisions are taken by consensus, scientists from all Member 
States should be consulted. 

NPAFC – Scientific groups (such as working groups and the Science Sub-committee) are established 
by CSRS. Currently there are five working groups and one sub-committee (SSC; Fig. 1), and each 
group has a terms of reference (available at www.npafc.org). The continuing existence of a group and 
creation or modification of a group’s terms of reference is determined by CSRS. All working groups 
and the SSC report on their work and progress at the CSRS annual meeting in May. CSRS estab-
lished the SSC in part to review opportunities for scientific collaboration with other international orga-
nizations. With regard to a possible future joint working group with PICES, the CSRS will decide how 
to synchronize responsibilities between the SSC and a joint working group depending on the duration, 
proposed terms of reference, and potential membership of the joint working group. To initiate the pro-
cess, a proposal to form a joint study group would be discussed at SSC and CSRS, and with agree-
ment, approval of its formation would be recommended to the Commission.  

Because of the potentially lengthy process, those from PICES or NPAFC wishing to submit a proposal 
for a joint working group are asked to engage at an early stage with the Secretariats of both bodies to 
explore ways of implementing proposals. 

3.3  Symposia
There is a long and profitable history of co-sponsorship and co-organization of inter-sessional sympo-
sia (i.e., outside the annual meetings of each organization) between NPAFC and PICES (see Appen-
dix 2). These meetings have ranged from meeting co-sponsorship, which is generally limited to finan-
cial assistance for a meeting, to a jointly co-organized meeting, which arises from a deeper level of 
cooperation as indicated by a meeting that may be co-conceived, co-organized, and co-sponsored by 
both organizations. Jointly co-organized meetings necessitates a longer duration of planning required 
by both organizations, as both organizations must have scientists on the organizing or scientific steer-
ing committees. In addition, either organization can nominate speakers, convene sessions or work-
shops during the symposium, etc. Co-sponsoring sessions at international symposia can raise the 
profile of research being conducted by NPAFC and PICES.  

PICES – Proposals generated internally within PICES for jointly sponsored symposia are generally 
brought to the attention of Science Board by committee Chairmen at one of its two meetings during 
the year. The nature of the discussion often depends on whether PICES is asked to be the organizer. 
Normally, PICES organizes one major symposium per year in the spring. Typically, this symposium 
is jointly sponsored because of the financial commitments required to organize a major symposium. 
Organizations seeking co-sponsorship of a symposium by PICES should direct a letter of invitation to 
the Executive Secretary of PICES. In addition to the scientific imperative, the letter should include the 
names of other co-sponsoring organizations and a summary of role and financial/in-kind contributions 
expected of PICES. The Executive Secretary will circulate the invitation to the relevant Committees. 
Significant commitments of resources typically require 2–3 years advance planning. Potential jointly 
organized and co-sponsored symposia may require more lead time.

NPAFC – The topical theme and approximate timing of NPAFC symposia are generally planned ac-
cording to a tentative schedule outlined in the NPAFC Science Plan. The current science plan covers 
the time period 2011-2015 (available at www.npafc.org/new/science_plan.html) and there is a NPAFC 
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Symposium organized for May 2015 in part to review progress on the plan (“International Symposium 
on Pacific Salmon and Steelhead Production in a Changing Climate: Past, Present, and Future”). 
With enough lead time, joint symposia (co-organized and co-sponsored) can be described in the new 
Science Plan as it is being conceived. Detailed development of the next science plan will take place 
in 2015-2016. The Science Sub-Committee takes the lead in formulating and drafting the Science 
Plan, which is submitted to CSRS and the Commission for approval. Subject to approval by CSRS 
at the annual meetings in May, the SSC provides strategic planning for scientific meetings, including 
the main topic, organizing committee members, and the schedule. Proposals for joint symposia not 
listed or described in the Science Plan or co-sponsored symposia (usually limited to financial contri-
butions) can also be considered. However, as true for any NPAFC symposia, the theme of a jointly 
co-organized or co-sponsored symposium needs to fit the objectives of the NPAFC science plan. The 
minimum lead time from the initial proposal stage to a joint co-organized symposium is generally 2-3 
years to allow for enough lead time that an organizing committee can be created from members of 
both organizations. A request for co-sponsorship of a symposium is generally one year.

3.4  Workshops
PICES and NPAFC have been co-sponsoring, and co-organizing workshops throughout their mutual 
history (see Appendix 2). New emerging issues often demand innovative and multidisciplinary ap-
proaches. The ability to deal with and resolve new concepts is likely to be enhanced by the bringing 
together of NPAFC and PICES expertise in co-sponsored workshops. The most recent example is the 
PICES-NPAFC workshop “Linkages between the winter distribution of Pacific salmon and their marine 
ecosystems and how this might be altered with climate change” to be held at the 2014 PICES Annual 
Meeting. This workshop was organized by the PICES-NPAFC SG on Scientific Cooperation in the 
North Pacific. 

PICES – Proposals for jointly sponsored workshops are generally brought to the attention of Sci-
ence Board by committee Chairmen. For the most part, a proposal for a workshop should resemble a 
proposal for a scientific session, with some additional information depending on whether it is associ-
ated with a PICES or NPAFC annual meeting, local host/organizer, institute/location, dates, financial 
expectations of PICES (commonly for invited speakers from PICES and/or PICES conveners). Pro-
posals for workshops to be held at the PICES annual meeting are submitted the same way as theme 
sessions (see 3.1 above). 

NPAFC – Generally, workshops are organized the same way as symposia, but the lead time can be 
shorter, e.g., at least 12 months after approval by CSRS and the Commission at the annual meeting 
in May. As with symposia, proposals for joint workshops or co-sponsored workshops are formulated 
by the Science Sub-Committee and proposed to the CSRS. Plans for joint or co-sponsored work-
shops can be incorporated into a science plan as it is being developed, or it can be proposed after 
the plan is accepted, as long as the theme of the workshop fits with the objectives of the science plan. 
Therefore, the process for initiating a plan for a joint or co-sponsored workshop starts the same way 
as a symposium—coordination with and a proposal from the Science Sub-Committee to CSRS and a 
decision for support at the Commission’s annual meeting.  

3.5  Strategic initiatives 
It may be of interest for both organizations to initiate new cross-cutting activities that require the en-
gagement and participation of several organizations. The initiatives would be aimed at multi-disciplin-
ary topics that could benefit from additional coordination. 
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PICES – Cross-cutting initiatives can be addressed by forming a new Section in PICES. A “Section” 
represents a sub-committee under a scientific committee that has a longer lifespan than a working 
group. Its purpose is to provide input to the parent scientific committee on specific issues for which 
expertise may be lacking on the parent committee. Sections should be reviewed periodically to ensure 
they continue to meet their objectives. A recent example is the Joint ICES-PICES Strategic Initiative on 
Climate Change effects on Marine Ecosystems (SICCME), which aims to ensure that “ICES and PICES 
will become the leading international organizations providing science and advice related to the effects 
of climate change and variability on marine resources and ecosystems”. 

NPAFC – Any new scientific initiative at NPAFC must be a part of the CSRS structure and pertain to its 
terms of reference. Depending on decisions by CSRS, the committee can address a new scientific ini-
tiative on its own, or create a sub-group to manage it. In the past, an international strategic planning ini-
tiative was organized by NPAFC with outside funding. The initiative was originally proposed by the Sci-
ence Sub-Committee and endorsed by CSRS and the Commission. This project was the “Long Term 
Research and Monitoring Plan (LMRP) for Pacific Salmon in the North Pacific Ocean” (NPAFC Special 
Publication Nos. 1 and 2; available at http://www.npafc.org/new/pub_special.html). In addition, the 
BASIS Working Group has been coordinating and reporting on an ongoing multi-disciplinary initiative 
to understand how climate change will affect productivity of the Bering Sea. This working group was 
the first group to establish an individual science plan within the boundaries of the NPAFC Science Plan 
developed by CSRS. New strategic initiatives of long term duration would best be incorporated into a 
science plan developed and proposed by the Science Sub-Committee and approved by the CSRS and 
the Commission. In particular, the Science Sub-Committee will begin working on the development of 
a new science plan next year for review by CSRS in May 2016. Initiatives that have not been incorpo-
rated into the science plan begin with coordination and a proposal from the Science Sub-Committee for 
review and approval by CSRS and it must fit within objectives of the science plan. If CSRS agrees that 
formation of a new group is necessary to carry out CSRS functions, then it will create the new group. 
All sub-groups of CSRS report on their work and progress at the CSRS annual meeting in May.

3.6  Other
Other mechanisms for cooperation between NPAFC and PICES include regular representation at each 
other’s annual meetings, mutual contributions to reports, collaboration on research, and coordination of 
science plans. 

3.6.1 Representation at annual meetings
PICES and NPAFC have a long-standing tradition of exchanging representatives  to Annual Meetings, 
where representatives can use the opportunity to report on their organization’s activities of interest. Co-
operation with other relevant international organizations is a component of NPAFC Convention (Article 
IX. 9; available at www.npafc.org/new/about_convention.html.) and consideration of scientific coopera-
tion is reviewed annually by CSRS.  

 
3.6.2 Contribute to reports
A recent example of this kind of collaboration is that NPAFC has agreed to participate and support the 
PICES North Pacific Ecosystem Status Report. This report is intended to periodically review and sum-
marize the status and trends of the marine ecosystems in the North Pacific, and to consider the factors 
that are causing or are expected to cause change in the near future.
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In general, publications from NPAFC take the form of NPAFC Bulletins (peer-reviewed articles from 
symposia) or NPAFC Technical Reports (non peer-reviewed extended abstracts from workshops).  
With this perspective, contribution to NPAFC Bulletin Nos. 3 and 4 and NPAFC Technical Report Nos. 
2, 4, and 8 have resulted from co-organized NPAFC-PICES symposia and workshops.  

Further collaboration on reports lead by either organization would advance the cause of increased 
cooperation. 

3.6.3 Collaborate on research
Where PICES and NPAFC share research interests, it would benefit projects for scientists from each 
organization to collaborate where possible. Examples include PICES scientists requesting collabora-
tion on the NPAFC BASIS cruises, and PICES scientists being invited to participate in NPAFC micro-
necton intercalibration experiments. Regular participation in each other’s annual meetings, workshops 
and symposia; and joint participation in study groups and working groups will facilitate this kind of 
collaboration. 

3.6.4 Coordinate science plans
To further promote collaboration in many of the activities described above, NPAFC and PICES could 
include shared elements in their science plans. 

PICES – The PICES Strategic Plan describes the overarching mission and strategy of the organiza-
tion. The actions and activities required to meet each of the goals of the PICES Strategic Plan change 
over time, and are implemented through action plans. Three-year action plans are prepared for the 
executive committees, scientific and technical committees, and the Secretariat. These plans describe 
specific actions and tasks needed to achieve the goals identified above. To monitor performance, the 
action plans are reviewed at each annual meeting, and revised if necessary. Elements in the action 
plans that specify collaboration with NPAFC would facilitate coordinated activities between the two 
organizations. 

NPAFC – The current NPAFC Science Plan outlines the scientific activities through 2015 and will 
culminate in a symposium in May 2015 titled, “International Symposium on Pacific Salmon and 
Steelhead Production in a Changing Climate: Past, Present, and Future”.  Currently, the SSC is in the 
preliminary stages of considering a draft of new science plan that will be considered by CSRS at the 
annual meeting in 2016.  Proposals for shared initiatives with PICES, as well as potential timing and 
subject of co-organized symposia and workshops would be facilitated if incorporated into the new sci-
ence plan. 

4.0 Monitoring/steering cooperation

The SG concludes that this framework should provide sufficient guidance to the NPAFC and PICES 
communities to develop bottom-up joint activities, with clear procedures for approval and implementa-
tion (see section 3.0). The implementation of these activities needs to be agreed upon by the organi-
zations’ respective science bodies: the Science Board (SB) in the case of PICES and the CSRS in the 
case of NPAFC.
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When considering cooperative proposals, these bodies also need to consider their own scientific prior-
ities as determined by their science, implementation, and/or strategic plans. Additional considerations 
are the financial and structural constraints under which the organizations operate, and the balance of 
cooperative activities in their own profiles.

A mechanism is needed to monitor and steer NPAFC – PICES collaborations, and to act as an inter-
face between the two organizations and the proponents of joint activities. It is proposed that this role 
be filled for NPAFC by a representative of the CSRS and a representative of the NPAFC Secretariat 
and for PICES by a representative of the Science Board and a representative of the PICES Secre-
tariat.  
This group of four would ensure a responsive structure with a light footprint and minimal additional 
costs, and with the mandate to implement specific cooperative activities, such as joint meetings, 
working groups, and strategic initiatives, identified in this framework. In addition, it is suggested that a 
strategic analysis be conducted every 3 – 5 years, and that this includes an additional 2 – 5 members 
of each organization. 

5.0 Conclusions and next steps 
In conclusion, the SG recommends this framework be adopted by both organizations. The framework 
identifies two broad areas of joint scientific interest to NPAFC and PICES, but does not prioritize them:

• Effects of climate change on the dynamics and production of Pacific salmon populations; and
• Oceanographic properties and the growth and survival of Pacific salmon; 

The SG recognizes that topics of interest will change over time and does not provide a time table for 
their investigation.

The framework identifies various mechanisms for implementing enhanced cooperation between 
NPAFC and PICES including theme sessions at PICES annual meetings, joint working groups, sym-
posia, workshops, strategic initiatives, and continued representation at each other’s meetings. Proce-
dures for other collaborations (e.g., publications, training) may require further development.

Both organizations require lead time to identify, evaluate, and formulate ongoing commitments as next 
steps toward enhancing cooperation. Already a joint one-day workshop is planned for PICES 2014, 
“Linkages between the winter distribution of Pacific salmon and their marine ecosystems and how 
this might be altered by climate change”. It is anticipated that this joint workshop will bring together 
NPAFC and PICES researchers in fisheries and oceanography to improve understanding of the 
mechanistic linkages between salmon and their ecosystem. Workshop conveners, invited speakers, 
and fisheries, oceanographers, and climate specialists together can provide a kernel for continued 
joint scientific investigation into this topic. When provided with opportunities for co-involvement by 
scientists of both organizations through the implementation mechanisms identified in this framework, 
enhanced cooperation in areas of mutual scientific interest should expand.

The framework will be considered by the inter-sessional meeting of the PICES Science Board in April, 
2014 and at the May 2014 Annual Meeting of NPAFC.  Final approval by PICES will be required at 
their October 2014 Annual Meeting. Assuming the framework is approved by both Organizations, the 
NPAFC-PICES Study Group recommends that if the framework  be implemented immediately, and 
that two persons from each Organization provide annual updates to the PICES Science Board and the 
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NPAFC CSRS concerning  the framework’s implementations. 

Figure	1.	The NPAFC Convention area is the waters of the North Pacific Ocean and its 
adjacent seas, north of 33 degrees North Latitude beyond the 200-mile zones of the coastal 
States.

Figure	1.  Organizational structure of the North Pacific Anadromous Fish Commission in 
2013.
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Figure	1.  Organizational structure of PICES in 2013. The uppermost rows are the executive and 
standing committees. Expert groups under them are generally ephemeral, with their lifespan deter-
mined by the nature of their duties.

Appendix 1:  1998 Memorandum of Understanding between the North Pacific Marine Science Organiza-
tion and the North Pacific Anadromous Fish Commission

Recognizing that the North Pacific Marine Science Organization (PICES), exists to:  (a) promote and coor-
dinate marine scientific research in order to advance scientific knowledge of the area concerned and of its 
living resources, including but not necessarily limited to research with respect to the ocean environment and 
its interactions with land and atmosphere, its role in and response to global weather and climate change, its 
flora, fauna, and ecosystems, its uses and resources, and impacts upon it from human activities; and (b) to 
promote the collection and exchange of information and data related to marine scientific research in the area 
concerned;

Recognizing that the North Pacific Anadromous Fish Commission (NPAFC) exists to: (a) promote the conser-
vation of anadromous stocks in the Convention Area; and (b) consider matters related to the conservation of 
ecologically related species in the Convention Area;

Recognizing the mandatory powers, constraints and obligations under which PICES and NPAFC respec-
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tively operate;

Desiring to provide a frame work for mutual cooperation;

PICES and NPAFC, hereinafter called “the Parties”, have agreed to the following:

1. To maintain reciprocal consultations and regular contacts on matters of common interest in the 
field of marine scientific research;
2. To regularly exchange with information, documents, and publications relating to program and 
project plans and to the results of activities agreed by the Parties to be of mutual interest, joint or 
otherwise;
3. To invite each other to be represented, in an observer capacity, at meetings of common inter-
est, to the extent that this is possible within their respective working procedures;
4. To undertake joint activities, as appropriate, including when agreed, the establishment of joint 
subsidiary bodies or other suitable arrangements, to study and report on matters of common inter-
est;
5. To consult, as appropriate, on ways in which cooperation between them can be further im-
proved and extended.  Specific joint programs and activities may be defined through addenda to 
this agreement;
6. To coordinate the time and place of annual meetings to facilitate the work of both Parties;
7. This Memorandum of Understanding (Memorandum) shall enter into force upon signature of 
the person duly authorized by each Party and shall remain in force unless either Party withdraws 
pursuant to paragraph 9 below;
8. The terms of the Memorandum may be revised by the Parties if they both agree.  The Memo-
randum shall continue on the basis of the existing terms until new terms have been agreed;
9. Either Party may withdraw from the Memorandum at any time subject to giving one year’s writ-
ten notice to the other Party.
[Signed by the President (NPAFC) and Chairman (PICES) in 1998]

Appendix 2.  Timeline of NPAFC/PICES Cooperation

1993
• CSRS forms a working group to discuss questions or problem areas regarding anadromous 
species that could be posed to PICES. The Parties agreed that NPAFC and PICES could jointly 
examine the critical issue of the impact of change in productivity of the NPO on Pacific salmon. 
These issues should include analysis of factors affecting current trends in the productivity of the 
NPO and their impacts on salmonid carrying capacity; and factors affecting changes in biological 
characteristics of Pacific salmon. These characteristics include growth, size at maturity, age at 
maturity, oceanic distribution, survival, and abundance.
• CSRS recognizes that the issues identified above are complex and will be difficult to resolve 
in the short term. Accordingly, such questions may be addressed by interim reports for next year 
from PICES and NPAFC, accompanied by advice on the time frame that may be expected for 
more complete answers, as well as advice on data deficiencies and research needs.
• CSRS recognizes that it may be useful to develop cooperative activities with other organiza-
tions regarding questions or problems relating to anadromous species. CSRS might consider 
developing these cooperative activities after obtaining responses from invitations sent to repre-
sentatives to be observers at NPAFC (PICES and other organizations). 
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1994
• Invitations given to each other’s meetings (NPAFC and PICES).
• NPAFC Annual Report reaffirmed the need for NPAFC and PICES to jointly examine (1) fac-
tors affecting productivity of the North Pacific and their impacts on salmonid carrying capacity and 
(2) factors affecting changes in the biological characteristics of Pacific salmon including growth, 
size and age at maturity, oceanic distribution, survival, and abundance. PICES invites liaison from 
CSRS to join membership in PICES-GLOBEC study group.

1995
• PICES recommends a CCCC Workshop in Nemuro in late 1996. The scientific steering com-
mittee for the workshop should be established based on the MODEL task team, with additional 
members from Working Group 7 and 9, and NPAFC SSC.
• NPAFC requests PICES help in getting statistical information from NPAFC non-members for 
the statistical yearbook.
• One member of SSC participates in PICES sponsored workshop as an observer and NPAFC 
should cover travel costs for one member of SSC to go to workshop.
• Dr. Wooster extends willingness to support scheduled NPAFC 1996 “International Symposium 
on Assessment and Status of Pacific Rim Salmon Stocks” in various ways, including distributing 
information to its Parties.

1996
• CSRS recommends CSRS should discuss proposal by Dr. Wooster and examine the progress 
on mutual cooperation between NPAFC-PICES.

1997
• NPAFC provides travel money for SSC Chairperson to attend and present at PICES CCCC 
Exec. Comm. meeting.

1998
• Invitation by PICES for a NPAFC member to join steering committee of PICES meeting “El 
nino and beyond a conference on Pacific climate variability and marine ecosystem impacts from 
the tropics to the Arctic”.
• NPAFC becomes co-organizer (Dr. Low is on the steering committee).
• NPAFC provides travel money for SSC Chairperson to attend and present at PICES CCCC 
Exec. Comm. meeting.
• MOU between PICES and NPAFC is signed. The organizations agree to maintain reciprocal 
consultations and regular contact on matters of common interest, regularly exchange information, 
invite each other as observers to meetings, undertake joint activities, consult on ways cooperation 
can be further improved.

1999
• NPAFC to host and PICES to join in organizing Juvenile Salmon Workshop I in Tokyo in 2000.
• NPAFC provides travel money for SSC Chairperson to attend and present at PICES CCCC 
Exec. Comm. meeting.
• PICES will produce a document that summarizes PICES scientific activities that might be of 
interest to NPAFC. Document will be presented to CSRS by PICES representative.
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2000
• WGSA discusses decision by CSRS to participate in preparation of North Pacific Ecosystem 
status report.
• PICES editor joins editors of Technical Report No. 2.
• PICES presents list of papers from their annual meeting to NPAFC that might be relevant to 
salmon.
• First joint PICES/NPAFC workshop on factors affecting production of juvenile salmon and 
climate took place in Tokyo (NPAFC Technical Report No. 2 and NPAFC Bulletin No. 3, “A Review 
of the Research on the Early Marine Period of Pacific Salmon by Canada, Japan, Russia, and the 
United States”).
• At CSRS, PICES discusses two proposals for possible future collaborations between NPAFC 
and PICES:  (1) hold workshops involving salmon and climate led by NPAFC and (2) produce a 
North Pacific Ecosystem Status report led by PICES. CSRS agrees to contribute salmon infor-
mation to the PICES status report. The PICES proposal for a series of salmon and climate work-
shops is not accepted by CSRS.  
• SSC Chairperson goes to PICES meeting and discusses coordination of science plans and 
cooperative activities (joint workshop, publications).

2001
• SSC Chairperson goes to PICES meeting where coordination and cooperative activities are 
discussed.
• WGSA will prepare a report for ecosystem status report.

2002
• SSC Chairperson will represent NPAFC at PICES Annual Meeting.
• Dr. Bychkov proposes co-sponsorship of joint meeting as a form of cooperation between the 
two organizations.
• CSRS agrees to co-sponsor PICES symposium or workshop on Okhotsk Sea and Adjacent 
Areas in Vladivostok in 2003. At later date, NPAFC would nominate scientists to give invited talks 
on status of stocks in the area.
• PICES invites CSRS to consider co-sponsorship or co-membership in proposed PICES 
WG on ecosystem based approaches to fisheries management. Some scientists belong to both 
groups, so co-membership might be possible.
• WGSA will contribute to PICES ecosystem status report.
• Joint meeting of “Causes of marine mortality of salmon the North Pacific Ocean and North 
Atlantic Ocean, and Baltic Sea in Vancouver, March 2002, co-organized and co-sponsored by 
IBSFC, ICES, NASCO, PICES, NPAFC. NPAFC Technical Report No. 4 (Causes of Marine Mor-
tality of Salmon in the North Pacific and North Atlantic Oceans and in the Baltic Sea) published.

2003
• CSRS Chairperson represents NPAFC at PICES annual meeting.
• PICES observer presents response to SSC report on coordination and implementation of 
NPAFC and PICES Science plans.  
• PICES will co-sponsor symposium at 2005 NPAFC meeting “State of the Pacific salmon and 
their role as indicators of the North Pacific ecosystem”.
• A PICES representative is invited to the RPCM and BASIS meetings. 
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2004
• PICES members request possible collaboration in BASIS cruises; NPAFC discussed contribu-
tion to PICES ecosystem status report; joint NPAFC-PICES symposium was approved by PICES 
Science Board to be held in 2005 in Korea.

2005
• Symposium held in Oct-Nov 2005 in Jeju, Korea; NPAFC and PICES co-sponsor the sympo-
sium. Results published in NPAFC Bulletin No. 4 (Status of Pacific Salmon and Their Role in North 
Pacific Marine Ecosystems)

2006
• PICES inquires if several scientists from the MIE-AP can join BASIS cruises in 2007.
• PICES would be prepared to consider joining NPAFC, NASCO, ICES in co-sponsoring a sym-
posium “Understanding the causes of marine mortality of salmon” to be held in spring 2010.

2007
• PICES scientists are invited to board the R/V Oscar Dyson for micronecton inter-calibrations 
experiment (MIE-AP).
• WGSA will contribute to the PICES ecosystem status report.

2008
• NPAFC invited to join PICES and ICES as a co-sponsor for the symposium “Forecasting 
climate change impacts on fish and shellfish” (tentative title) in spring 2010.  NPAFC agreed to 
participate and SSC Chairperson would be on the symposium steering committee.
• PICES requests NPAFC to participate and support the next ecosystem status report. Drs. 
Irvine and McKinnell will meet and discuss details.

 
2009

• PICES ecosystem status report: Dr. Irvine will attend PICES ecosystem status meeting and 
provide salmon inputs.
• Dr. Irvine will represent NPAFC and CSRS at the PICES meeting and ask for a preliminary 
report so NPAFC can comment on the North Pacific ecosystem status as it pertains to Pacific 
salmon.
• CSRS Chairperson reports at the PICES annual meeting.
• NPAFC will co-sponsor International Symposium on “Forecasting climate change impacts on 
fish and shellfish” to be held in Sendai in Apr 26-27, 2010.  NPAFC’s proposal for a 1-day work-
shop “Salmon workshop on climate change”, April 25, 2010, is accepted by the steering commit-
tee.

2010
• Dr. Irvine provided input to the PICES ecosystem status report; cooperation was widely recog-
nized as a positive development by CSRS.
• CSRS Chairperson reported on NPAFC activities at PICES annual meeting.
• NPAFC requested PICES co-sponsorship of NPAFC workshop “High abundance of pink and 
chum salmon in the North Pacific Ocean”. NPAFC Technical Report No. 8 (International Workshop 
on Explanations for the High Abundance of Pink and Chum Salmon and Future Trends) published.



143

2011
• NPAFC co-sponsors PICES symposium “Effects of climate change on the world’s oceans” in 
Korea in 2012.
• CSRS Chairperson attended PICES Annual Meeting and provides information at their meet-
ing.
• PICES agrees to co-sponsor workshop on high abundance of pink and chum salmon in the 
North Pacific.

2012
• SSC Chairperson will attend PICES Annual Meeting to propose the formation of a PICES/
NPAFC joint study group session in conjunction with the 2013 PICES annual meeting in Nanaimo 
for improving collaboration and communication between the two organizations.
• Draft proposal and NPAFC participants to be identified at the April 2013 CSRS meeting.

2013
• CSRS recommends formation of the NPAFC-PICES study group, its terms of reference and 
study group members from NPAFC.  Goal of the study group is over approximately one year will 
develop a framework of enhanced collaboration between the two organizations to achieve better 
and\or more rapid understanding of natural and anthropogenic variability in marine ecosystems. 
The study group will review each organization’s scientific needs and identify where similar key 
questions or scientific issues might be explored jointly by both organizations.
• PICES agrees and the joint study group is formed.

2014
• The NPAFC-PICES study group develops the framework of enhanced collaboration between 
the two organizations and submits it to PICES and NPAFC for approval.
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Appendix 3. NPAFC List of Actions (LoA) on the Prioritized 
Recommendations from the Performance Review Report

List of Actions on Prioritized Recommendations from the NPAFC Performance Review Report
Committee on Scientific Research and Statistics (CSRS)

Recommendation # Recommendation by 
PRC

Decisions by CSRS
2011 2012 2013 2014

2

Data in the Statistical 
Yearbook should be made 
available in true electronic 
formats.

The Secretariat will develop options 
and costs for making data available 
in electronic form and will develop an 
implementation plan in cooperation 
with the WGSA by the 2012 Annual 
Meeting. 

Creation of a single NPAFC statistical 
data file (1926-2011) to replace the 
statistical yearbooks and the WGSA 
time series data files was approved. 
The task is scheduled to be complet-
ed by May 2014. 

In progress

Work on creating the single NPAFC 
Statistics data file is ongoing in 2013.             

            
 

           In progress

NPAFC Unified Statistical Data Files 
are uploaded on the Commission’s 
website

 
Completed

3

Reporting of non-anadro-
mous species in the Sta-
tistical Yearbook should be 
discontinued.

Tables on non-anadromous species 
in the Statistical Yearbook, i.e., Tables 
32-37, on the web site and in the hard 
copy will no longer be included, effec-
tive immediately.

Statistical Yearbook tables on non-
anadromous species (Tables 32-37) 
have been eliminated.  
   

  Completed

5

Periodic comprehensive 
overviews and reports of 
North Pacific salmonid 
stock status should be 
continued.

The WGSA agreed to reassessments 
approximately every 5 years and data 
updates (not analysis or text) approxi-
mately every two years.  Next data 
update is planned for 2012.

Data update was reported in NPAFC 
Doc. 1422 at the 2012 CSRS meet-
ing. Reassessments will be reported 
approximately every 5 years and 
updates reported approximately every 
2 years.                             Completed

6

The Commission should 
re-visit and re-assess the 
CSRS Terms of Refer-
ence and the need for the 
current working groups. 
How do they fit in with the 
future vision for NPAFC-
coordinated research?

The CSRS supports the recommen-
dation.  CSRS PoCs with assistance 
of the Secretariat and in consulta-
tion with working groups (WGs) 
assess the existence of WGs and 
examine the CSRS and WGs ToRs.  
The purpose will be a simultaneous 
implementation of recommendations 
#6, 14, 16, and 21.  This includes 
consideration of a preamble to CSRS 
ToR, revise the CSRS ToR, associ-
ate CSRS agenda items with its ToR; 
need for current WGs, and creation/
updating of ToR for all the sub-com-
mittees and WGs.  A report will be 
drafted by the Secretariat in coopera-
tion with the CSRS PoCs and WGs 
that summarizes the revised structure 
(if any) of sub-committees and WGs 
and the updated ToR for the CSRS 
and WGs.  This report will be placed 
on the CSRS webpage as a working 
document by mid-September 2012.  
The working document will be dis-
cussed and revised, if necessary, by 
the CSRS at the 2012 Annual Meet-
ing.  

Revised ToR for the CSRS, Science 
Sub-Committee, and WGs were 
adopted at the 2012 Annual Meeting.  
The revised Terms of Reference for 
these groups were listed in Doc 1441 
Appendix 2 and implemented at the 
close of the 2012 Annual Meeting.  
The potential WGs reorganization will 
be considered as appropriate in the 
future. (See also #14, 16, 21)

 

 
 
 

Completed
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List of Actions on Prioritized Recommendations from the NPAFC Performance Review Report
Committee on Scientific Research and Statistics (CSRS)

Recommendation # Recommendation by 
PRC

Decisions by CSRS
2011 2012 2013 2014

2

Data in the Statistical 
Yearbook should be made 
available in true electronic 
formats.

The Secretariat will develop options 
and costs for making data available 
in electronic form and will develop an 
implementation plan in cooperation 
with the WGSA by the 2012 Annual 
Meeting. 

Creation of a single NPAFC statistical 
data file (1926-2011) to replace the 
statistical yearbooks and the WGSA 
time series data files was approved. 
The task is scheduled to be complet-
ed by May 2014. 

In progress

Work on creating the single NPAFC 
Statistics data file is ongoing in 2013.             

            
 

           In progress

NPAFC Unified Statistical Data Files 
are uploaded on the Commission’s 
website

 
Completed

3

Reporting of non-anadro-
mous species in the Sta-
tistical Yearbook should be 
discontinued.

Tables on non-anadromous species 
in the Statistical Yearbook, i.e., Tables 
32-37, on the web site and in the hard 
copy will no longer be included, effec-
tive immediately.

Statistical Yearbook tables on non-
anadromous species (Tables 32-37) 
have been eliminated.  
   

  Completed

5

Periodic comprehensive 
overviews and reports of 
North Pacific salmonid 
stock status should be 
continued.

The WGSA agreed to reassessments 
approximately every 5 years and data 
updates (not analysis or text) approxi-
mately every two years.  Next data 
update is planned for 2012.

Data update was reported in NPAFC 
Doc. 1422 at the 2012 CSRS meet-
ing. Reassessments will be reported 
approximately every 5 years and 
updates reported approximately every 
2 years.                             Completed

6

The Commission should 
re-visit and re-assess the 
CSRS Terms of Refer-
ence and the need for the 
current working groups. 
How do they fit in with the 
future vision for NPAFC-
coordinated research?

The CSRS supports the recommen-
dation.  CSRS PoCs with assistance 
of the Secretariat and in consulta-
tion with working groups (WGs) 
assess the existence of WGs and 
examine the CSRS and WGs ToRs.  
The purpose will be a simultaneous 
implementation of recommendations 
#6, 14, 16, and 21.  This includes 
consideration of a preamble to CSRS 
ToR, revise the CSRS ToR, associ-
ate CSRS agenda items with its ToR; 
need for current WGs, and creation/
updating of ToR for all the sub-com-
mittees and WGs.  A report will be 
drafted by the Secretariat in coopera-
tion with the CSRS PoCs and WGs 
that summarizes the revised structure 
(if any) of sub-committees and WGs 
and the updated ToR for the CSRS 
and WGs.  This report will be placed 
on the CSRS webpage as a working 
document by mid-September 2012.  
The working document will be dis-
cussed and revised, if necessary, by 
the CSRS at the 2012 Annual Meet-
ing.  

Revised ToR for the CSRS, Science 
Sub-Committee, and WGs were 
adopted at the 2012 Annual Meeting.  
The revised Terms of Reference for 
these groups were listed in Doc 1441 
Appendix 2 and implemented at the 
close of the 2012 Annual Meeting.  
The potential WGs reorganization will 
be considered as appropriate in the 
future. (See also #14, 16, 21)

 

 
 
 

Completed
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Recommendation # Recommendation by 
PRC

Decisions by CSRS

2011 2012 2013 2014

7

The Commission should 
re-assess requirements, 
resources, and commit-
ments to the multiple 
databases established by 
the CSRS working groups. 
Consideration should be 
given to direct support and 
housing by the Secre-
tariat.

The CSRS made its decision on 
moving working-group databases to 
the Secretariat on a case-by case 
basis.  The CSRS supports mov-
ing the INPFC / NPAFC tag release 
and recovery data files and histori-
cal statistical data to the Secretariat.  
However, the CSRS does not support 
moving the otolith-mark database cur-
rently supported by ADF&G or BASIS 
databases currently supported by the 
national Parties to the Secretariat.  
Converting the tag-recovery data 
files to a database and determining 
formats for submission of new data 
by the WGST should be completed 
by the 2012 Annual Meeting.  The 
plan for compilation of statistics into 
a database (s) will be completed by 
the Secretariat in cooperation with the 
WGSA by the 2012 Annual Meeting 
(See recommendation #2).

The INPFC/NPAFC disk tag release 
and recovery data were transferred to 
the Secretariat in 2012.  A plan was 
approved to transfer archival tag data 
to the Secretariat by spring 2014.  
Transfer of statistical data files are 
described under recommendation #2.  

 
 
 
 
 
 
 
 

In progress

The INPFC/NPAFC disk tag release 
and recovery data are accessible in 
the Member’s Area of the website.  
The secretariat has updated the data-
base as documents are submitted.

Work on transfer of data storage tag 
data files to NPAFC is ongoing in 
2013. 

In progress         

The archival tag data are accessible 
in the Member’s Area of the NPAFC 
website.  

 
 
 
 
 
 
 
 
 
 
 

 
Completed

10

The Commission should 
consider a program to 
compare at-sea sampling 
methods and develop con-
version factors or at least 
clarify their differences, in 
the context of being able 
to compare results among 
member States.

Intercalibration of gear and compari-
sons of at-sea sampling methods is 
an important and continuing process.  
Experimental work will continue for 
specific programs as the need arises.  
A report on comparisons of at-sea 
sampling methods that summarizes 
previous CSRS-related work on this 
topic is currently available on the web. 

A report on comparison of at-sea 
sampling methods was finalized and 
available on the NPAFC website.  
When further experimental work is 
required for intercalibration of gear for 
specific programs, it will be done as 
the need arises. 

 

                                

 Completed

14

CSRS Agenda items 
should be linked with 
the appropriate Terms of 
Reference.

Implementation of recommendations 
#6, 14, 16, and 21 will be done simul-
taneously.  (See recommendation # 6 
above.)

See #6, 16, 21.

 
 
 

Completed
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Recommendation # Recommendation by 
PRC

Decisions by CSRS

2011 2012 2013 2014

7

The Commission should 
re-assess requirements, 
resources, and commit-
ments to the multiple 
databases established by 
the CSRS working groups. 
Consideration should be 
given to direct support and 
housing by the Secre-
tariat.

The CSRS made its decision on 
moving working-group databases to 
the Secretariat on a case-by case 
basis.  The CSRS supports mov-
ing the INPFC / NPAFC tag release 
and recovery data files and histori-
cal statistical data to the Secretariat.  
However, the CSRS does not support 
moving the otolith-mark database cur-
rently supported by ADF&G or BASIS 
databases currently supported by the 
national Parties to the Secretariat.  
Converting the tag-recovery data 
files to a database and determining 
formats for submission of new data 
by the WGST should be completed 
by the 2012 Annual Meeting.  The 
plan for compilation of statistics into 
a database (s) will be completed by 
the Secretariat in cooperation with the 
WGSA by the 2012 Annual Meeting 
(See recommendation #2).

The INPFC/NPAFC disk tag release 
and recovery data were transferred to 
the Secretariat in 2012.  A plan was 
approved to transfer archival tag data 
to the Secretariat by spring 2014.  
Transfer of statistical data files are 
described under recommendation #2.  

 
 
 
 
 
 
 
 

In progress

The INPFC/NPAFC disk tag release 
and recovery data are accessible in 
the Member’s Area of the website.  
The secretariat has updated the data-
base as documents are submitted.

Work on transfer of data storage tag 
data files to NPAFC is ongoing in 
2013. 

In progress         

The archival tag data are accessible 
in the Member’s Area of the NPAFC 
website.  

 
 
 
 
 
 
 
 
 
 
 

 
Completed

10

The Commission should 
consider a program to 
compare at-sea sampling 
methods and develop con-
version factors or at least 
clarify their differences, in 
the context of being able 
to compare results among 
member States.

Intercalibration of gear and compari-
sons of at-sea sampling methods is 
an important and continuing process.  
Experimental work will continue for 
specific programs as the need arises.  
A report on comparisons of at-sea 
sampling methods that summarizes 
previous CSRS-related work on this 
topic is currently available on the web. 

A report on comparison of at-sea 
sampling methods was finalized and 
available on the NPAFC website.  
When further experimental work is 
required for intercalibration of gear for 
specific programs, it will be done as 
the need arises. 

 

                                

 Completed

14

CSRS Agenda items 
should be linked with 
the appropriate Terms of 
Reference.

Implementation of recommendations 
#6, 14, 16, and 21 will be done simul-
taneously.  (See recommendation # 6 
above.)

See #6, 16, 21.

 
 
 

Completed
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Recommendation # Recommendation by 
PRC

Decisions by CSRS

2011 2012 2013 2014

16

The CSRS should seek 
opportunities to provide 
advice, both internally and 
externally, in regards to 
issues affecting the con-
servation of anadromous 
stocks in the Convention 
Area. In this context, it 
would be helpful for the 
CSRS to identify its main 
“goals” or purposes in 
relation to the Convention, 
as a preface to its Terms 
of Reference (i.e. what 
is the CSRS trying to ac-
complish?).

Implementation of recommendations 
#6, 14, 16, and 21 will be done simul-
taneously.  (See recommendation # 6 
above.) 

See #6, 14, 21.

 
 
 
 
 
 
 

Completed

18

The CSRS should be 
requested to examine 
specifically the issue of 
incidental takes of salmon 
in the North Pacific to 
determine if it is an issue, 
and if so, make recom-
mendations on how these 
may be mitigated.

The CSRS supported the recommen-
dation in principle, but could not reach 
a consensus about whether incidental 
takes of salmon could only be consid-
ered within the Convention Area, or 
if waters adjacent to the Convention 
Area could also be considered.  The 
Secretariat with the assistance and 
cooperation of the CSRS PoCs will 
investigate the ToR for reporting inci-
dental catches within the Convention 
Area and adjacent waters and report 
on this information at the 2012 Annual 
Meeting.  A decision will be made at 
that time about further consideration 
of this recommendation.

CSRS decided it would be useful for 
each Party to provide full information 
of all salmon catches from their fisher-
ies, and identify incidental catches 
where possible.  The Commission 
adopted the recommendation that the 
Parties annually provide a full ac-
counting of all catches.

                                

 Completed

21

The Terms of Reference 
and objectives for all 
CSRS WGs should be 
made more explicit, as 
has been done for some 
but not all CSRS WGs 
(see Table 2.4). This 
would provide each WG 
with a clear set of goals 
and a clear standard 
against which progress 
towards these goals can 
be determined.

Implementation of recommendations 
#6, 14, 16, and 21 will be done simul-
taneously.  (See recommendation # 6 
above.)

See #6, 14, 16.

 
 
 

Completed
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Recommendation # Recommendation by 
PRC

Decisions by CSRS

2011 2012 2013 2014

16

The CSRS should seek 
opportunities to provide 
advice, both internally and 
externally, in regards to 
issues affecting the con-
servation of anadromous 
stocks in the Convention 
Area. In this context, it 
would be helpful for the 
CSRS to identify its main 
“goals” or purposes in 
relation to the Convention, 
as a preface to its Terms 
of Reference (i.e. what 
is the CSRS trying to ac-
complish?).

Implementation of recommendations 
#6, 14, 16, and 21 will be done simul-
taneously.  (See recommendation # 6 
above.) 

See #6, 14, 21.

 
 
 
 
 
 
 

Completed

18

The CSRS should be 
requested to examine 
specifically the issue of 
incidental takes of salmon 
in the North Pacific to 
determine if it is an issue, 
and if so, make recom-
mendations on how these 
may be mitigated.

The CSRS supported the recommen-
dation in principle, but could not reach 
a consensus about whether incidental 
takes of salmon could only be consid-
ered within the Convention Area, or 
if waters adjacent to the Convention 
Area could also be considered.  The 
Secretariat with the assistance and 
cooperation of the CSRS PoCs will 
investigate the ToR for reporting inci-
dental catches within the Convention 
Area and adjacent waters and report 
on this information at the 2012 Annual 
Meeting.  A decision will be made at 
that time about further consideration 
of this recommendation.

CSRS decided it would be useful for 
each Party to provide full information 
of all salmon catches from their fisher-
ies, and identify incidental catches 
where possible.  The Commission 
adopted the recommendation that the 
Parties annually provide a full ac-
counting of all catches.

                                

 Completed

21

The Terms of Reference 
and objectives for all 
CSRS WGs should be 
made more explicit, as 
has been done for some 
but not all CSRS WGs 
(see Table 2.4). This 
would provide each WG 
with a clear set of goals 
and a clear standard 
against which progress 
towards these goals can 
be determined.

Implementation of recommendations 
#6, 14, 16, and 21 will be done simul-
taneously.  (See recommendation # 6 
above.)

See #6, 14, 16.

 
 
 

Completed
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Committee on Enforcement (ENFO)

Recommendation # Recommendation by 
PRC

Decisions by ENFO

2011 2012 2013 2014

24

The Commission should 
encourage the Parties 
to become parties to the 
Agreement on Port State 
Measures to Prevent, De-
ter and Eliminate Illegal, 
Unreported and Unregu-
lated Fishing, and ENFO 
should analyze that appli-
cability of the Agreement 
to the NPAFC context and 
provide recommenda-
tions to the Commission 
thereon. 

1. Parties will report on their acces-
sion to the Agreement at 2012 Annual 
Meeting.

2. ENFO will analyze the applicability 
of the Agreement to the NPAFC con-
text and develop necessary recom-
mendations on its implementation by 
2013 Annual Meeting.

Each Party will give a proposal at 
2013 ENFO. 
 
 
 
 
 

In progress

Revisit the issue at 2014 Annual 
Meeting.

In progress         

Revisit the issue at 2015 Annual 
Meeting. 
 
 
 
 
 
 

 

In progress

31

The agendas of EECM 
and ENFO should be 
reviewed to ensure better 
rationalization of activi-
ties and resources and to 
avoid the duplication in 
discussion and reporting 
that currently occurs.  

Depending on the decision at the 
2011 Annual Meeting (whether or not 
to hold Annual Meetings and Interim 
Meetings together), ENFO will de-
velop recommendations on this issue 
at 2012 EECM.

EECMs are no longer conducted after 
2012 

                                

 Completed

34

CSRS Agenda items 
should be linked with 
the appropriate Terms of 
Reference.

Implementation of recommendations 
#6, 14, 16, and 21 will be done simul-
taneously.  (See recommendation # 6 
above.)

See #6, 16, 21.

 
In progress

This item was combined with item 
#38.
NEW ENFO TOR was adopted

Completed

36

The Commission should 
consider the rationale and 
modus operandi for how 
best to engage with the 
new North Pacific RFMO.

Memorandum of Cooperation be-
tween the two organizations will be 
drafted and presented for approval 
by the Commission tentatively	at	
2013	Annual	Meeting,	depending	
on	the	time	of	formation	of	the	new	
organization.

The organization is not yet formed.

In progress

The organization is formed, but wait 
until the secretariat is in full operation.

In progress

Collaborative enforcement strategy 
with NPFC will be discussed at the 
2015 Annual Meeting

In progress

38

ENFO should be tasked 
with preparing a study on 
the possible further con-
tribution of the NPAFC to 
the implementation of the 
IPOA-IUU

The results of a study should be in-
corporated into a revised ENFO-ToR 
by 2013	Annual	Meeting

New ToR will be discussed at 2013 
ENFO meeting.

In progress

This item was combined with item 
#34.
This issue is incorporated into the 
new ENFO TOR.

Completed
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Committee on Enforcement (ENFO)

Recommendation # Recommendation by 
PRC

Decisions by ENFO

2011 2012 2013 2014

24

The Commission should 
encourage the Parties 
to become parties to the 
Agreement on Port State 
Measures to Prevent, De-
ter and Eliminate Illegal, 
Unreported and Unregu-
lated Fishing, and ENFO 
should analyze that appli-
cability of the Agreement 
to the NPAFC context and 
provide recommenda-
tions to the Commission 
thereon. 

1. Parties will report on their acces-
sion to the Agreement at 2012 Annual 
Meeting.

2. ENFO will analyze the applicability 
of the Agreement to the NPAFC con-
text and develop necessary recom-
mendations on its implementation by 
2013 Annual Meeting.

Each Party will give a proposal at 
2013 ENFO. 
 
 
 
 
 

In progress

Revisit the issue at 2014 Annual 
Meeting.

In progress         

Revisit the issue at 2015 Annual 
Meeting. 
 
 
 
 
 
 

 

In progress

31

The agendas of EECM 
and ENFO should be 
reviewed to ensure better 
rationalization of activi-
ties and resources and to 
avoid the duplication in 
discussion and reporting 
that currently occurs.  

Depending on the decision at the 
2011 Annual Meeting (whether or not 
to hold Annual Meetings and Interim 
Meetings together), ENFO will de-
velop recommendations on this issue 
at 2012 EECM.

EECMs are no longer conducted after 
2012 

                                

 Completed

34

CSRS Agenda items 
should be linked with 
the appropriate Terms of 
Reference.

Implementation of recommendations 
#6, 14, 16, and 21 will be done simul-
taneously.  (See recommendation # 6 
above.)

See #6, 16, 21.

 
In progress

This item was combined with item 
#38.
NEW ENFO TOR was adopted

Completed

36

The Commission should 
consider the rationale and 
modus operandi for how 
best to engage with the 
new North Pacific RFMO.

Memorandum of Cooperation be-
tween the two organizations will be 
drafted and presented for approval 
by the Commission tentatively	at	
2013	Annual	Meeting,	depending	
on	the	time	of	formation	of	the	new	
organization.

The organization is not yet formed.

In progress

The organization is formed, but wait 
until the secretariat is in full operation.

In progress

Collaborative enforcement strategy 
with NPFC will be discussed at the 
2015 Annual Meeting

In progress

38

ENFO should be tasked 
with preparing a study on 
the possible further con-
tribution of the NPAFC to 
the implementation of the 
IPOA-IUU

The results of a study should be in-
corporated into a revised ENFO-ToR 
by 2013	Annual	Meeting

New ToR will be discussed at 2013 
ENFO meeting.

In progress

This item was combined with item 
#34.
This issue is incorporated into the 
new ENFO TOR.

Completed
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Committee on Finance and Administration (F&A)

Recommendation # Recommendation by 
PRC

Decisions by F&A

2011 2012 2013 2014

39

The Commission should 
consider amending the 
terminology used in the 
Rules of Procedure (RoP) 
to refer to ‘Representa-
tives’ as ‘Commissioners’ 
or to otherwise clarify RoP 
9-11 to bring them into line 
with current practice.

1. RoP 9-11: no changes will be 
made. 

2. RoP 7 (re-voting): The committee 
suggested the following amendment: 
“Commission vote may be cast by 
any one Representative or alternate 
Representative from each Party.   A 
committee vote may be cast by a 
Representative or by an advisor des-
ignated for that purpose”.

3. Keep ‘Representative’, not to 
change to ‘Commissioner’. Completed

42

The Commission should 
develop a policy on the 
provision of interpretation 
at its meetings for new 
member states and any 
possible future cooper-
ating non-contracting 
parties.

All Parties agreed to develop a policy:

“During the meetings of NPAFC, the 
Commission will use only the lan-
guages of the existing Parties of the 
Commission, i.e. a new member will 
be provided with the interpretation 
services for its language if it is other 
than the current languages.  As for 
non-Contracting Member, the interpre-
tation services or a delegation room 
at the meetings will not be provided”.  
Such provision will be reflected in the 
minutes of the Annual Meeting, not by 
changing the Rules of Procedure.  Completed

43

The Commission should 
consider amending RoP 
5a to reduce the notice 
period required for the 
seating of observers and 
consider other ways in 
which to make the Com-
mission more open to indi-
viduals or representatives 
of other organizations.

Change the application deadline from 
120 days to 90 days and change the 
Parties’ consideration of the applica-
tion from 90-days to 30-days.

 
Completed

44

Consideration should be 
given to clarifying the use 
of an uncapitalised ‘r’ in 
Staff Rule 22.

Change from “representative” to 
“Representative.”

Completed

46

The Commission should 
turn its mind to a definitive 
clarification of RoP 19 (a) 
and the hiring process for 
the Deputy Director.

Retain the Status Quo; no changes 
from the current hiring process for the 
time being.   However, during the pro-
cess of hiring new Executive Director 
clarify what is expected of the Deputy 
Director as acting Executive Director, 
should the necessity arise.
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Recommendation # Recommendation by 
PRC

Decisions by F&A

2011 2012 2013 2014

39

The Commission should 
consider amending the 
terminology used in the 
Rules of Procedure (RoP) 
to refer to ‘Representa-
tives’ as ‘Commissioners’ 
or to otherwise clarify RoP 
9-11 to bring them into line 
with current practice.

1. RoP 9-11: no changes will be 
made. 

2. RoP 7 (re-voting): The committee 
suggested the following amendment: 
“Commission vote may be cast by 
any one Representative or alternate 
Representative from each Party.   A 
committee vote may be cast by a 
Representative or by an advisor des-
ignated for that purpose”.

3. Keep ‘Representative’, not to 
change to ‘Commissioner’. Completed

42

The Commission should 
develop a policy on the 
provision of interpretation 
at its meetings for new 
member states and any 
possible future cooper-
ating non-contracting 
parties.

All Parties agreed to develop a policy:

“During the meetings of NPAFC, the 
Commission will use only the lan-
guages of the existing Parties of the 
Commission, i.e. a new member will 
be provided with the interpretation 
services for its language if it is other 
than the current languages.  As for 
non-Contracting Member, the interpre-
tation services or a delegation room 
at the meetings will not be provided”.  
Such provision will be reflected in the 
minutes of the Annual Meeting, not by 
changing the Rules of Procedure.  Completed

43

The Commission should 
consider amending RoP 
5a to reduce the notice 
period required for the 
seating of observers and 
consider other ways in 
which to make the Com-
mission more open to indi-
viduals or representatives 
of other organizations.

Change the application deadline from 
120 days to 90 days and change the 
Parties’ consideration of the applica-
tion from 90-days to 30-days.

 
Completed

44

Consideration should be 
given to clarifying the use 
of an uncapitalised ‘r’ in 
Staff Rule 22.

Change from “representative” to 
“Representative.”

Completed

46

The Commission should 
turn its mind to a definitive 
clarification of RoP 19 (a) 
and the hiring process for 
the Deputy Director.

Retain the Status Quo; no changes 
from the current hiring process for the 
time being.   However, during the pro-
cess of hiring new Executive Director 
clarify what is expected of the Deputy 
Director as acting Executive Director, 
should the necessity arise.
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47

The Commission should 
establish a publications 
committee to review the 
efficacy and format of 
Commission publications 
and the website in order to 
fully consolidate the gains 
to be achieved by the in-
creasing use of electronic 
and online publishing pos-
sibilities.

Create a Publication Policy Working 
Group (PPWG), which will consist of 
one representative from ENFO and 
F&A, and two from CSRS.  The work-
ing group will be under the auspices 
of the Secretariat.  Since the majority 
of the issues will be CSRS-related, 
the Deputy Director will be in charge 
of the group from the Secretariat.

PPWG was created (Doc. 1442 Ap-
pendix 4)

Completed          

49

Consideration should be 
given to increasing the IT 
capacity, both in terms of 
physical hardware and in 
terms of personnel, within 
the Secretariat.

IIS and Otolith Database will remain 
in Russia and ADF&G, USA respec-
tively.  Another database to be placed 
in the Secretariat will be transferred 
without having to increase physical 
hardware.  Temporary IT personnel 
may be hired for short-term projects.

See #51

                           

 
Completed

50

Professional assistance 
should be engaged to 
properly address the issue 
of publicity for the Com-
mission and to ensure 
maximum public relations 
gains.

The Secretariat will deal with this 
issue in-house, coordinating with the 
new Chairperson of the F&A to clarify 
goals and objectives.

Goals and objectives were clarified.  
Future issues will be combined with 
PPWG (#47).

 

Completed

51

The Parties should con-
sider increasing adminis-
trative support within the 
Secretariat to meet the 
increasing demands being 
made on Secretariat staff 
and to ensure the Secre-
tariat’s ability to carry out 
strategic projects of impor-
tance to the Commission.

Defer the decision until the 2012 
Annual Meeting with more detailed 
explanation from the Secretariat 
regarding hiring additional staff, cost, 
timing, and cost of transfer/conversion 
of database(s) requested by CSRS. 

Hiring of an additional staff was ap-
proved.

Completed

53

The F&A should establish 
a working group to exam-
ine the mid- to long-term 
translation and interpreta-
tion needs of the Com-
mission and the financial 
implications thereof.

The committee considered such a 
step to be unnecessary at this time.

Completed

54

The Commission should 
consider the establish-
ment of a working group 
to consider its future 
and clearly articulate its 
objectives and goals for 
the future.  In doing so, 
the Parties should con-
sider prioritizing current 
and future expenditures 
to focus on core Com-
mission activities, rather 
than curtailing those core 
activities.

It was agreed that no working group 
is necessary, but that this item should 
be on the agenda of each committee 
at future meetings.

Completed
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47

The Commission should 
establish a publications 
committee to review the 
efficacy and format of 
Commission publications 
and the website in order to 
fully consolidate the gains 
to be achieved by the in-
creasing use of electronic 
and online publishing pos-
sibilities.

Create a Publication Policy Working 
Group (PPWG), which will consist of 
one representative from ENFO and 
F&A, and two from CSRS.  The work-
ing group will be under the auspices 
of the Secretariat.  Since the majority 
of the issues will be CSRS-related, 
the Deputy Director will be in charge 
of the group from the Secretariat.

PPWG was created (Doc. 1442 Ap-
pendix 4)

Completed          

49

Consideration should be 
given to increasing the IT 
capacity, both in terms of 
physical hardware and in 
terms of personnel, within 
the Secretariat.

IIS and Otolith Database will remain 
in Russia and ADF&G, USA respec-
tively.  Another database to be placed 
in the Secretariat will be transferred 
without having to increase physical 
hardware.  Temporary IT personnel 
may be hired for short-term projects.

See #51

                           

 
Completed

50

Professional assistance 
should be engaged to 
properly address the issue 
of publicity for the Com-
mission and to ensure 
maximum public relations 
gains.

The Secretariat will deal with this 
issue in-house, coordinating with the 
new Chairperson of the F&A to clarify 
goals and objectives.

Goals and objectives were clarified.  
Future issues will be combined with 
PPWG (#47).

 

Completed

51

The Parties should con-
sider increasing adminis-
trative support within the 
Secretariat to meet the 
increasing demands being 
made on Secretariat staff 
and to ensure the Secre-
tariat’s ability to carry out 
strategic projects of impor-
tance to the Commission.

Defer the decision until the 2012 
Annual Meeting with more detailed 
explanation from the Secretariat 
regarding hiring additional staff, cost, 
timing, and cost of transfer/conversion 
of database(s) requested by CSRS. 

Hiring of an additional staff was ap-
proved.

Completed

53

The F&A should establish 
a working group to exam-
ine the mid- to long-term 
translation and interpreta-
tion needs of the Com-
mission and the financial 
implications thereof.

The committee considered such a 
step to be unnecessary at this time.

Completed

54

The Commission should 
consider the establish-
ment of a working group 
to consider its future 
and clearly articulate its 
objectives and goals for 
the future.  In doing so, 
the Parties should con-
sider prioritizing current 
and future expenditures 
to focus on core Com-
mission activities, rather 
than curtailing those core 
activities.

It was agreed that no working group 
is necessary, but that this item should 
be on the agenda of each committee 
at future meetings.

Completed

Abbreviations for CSRS

ADF&G:  Alaska Department of Fish and Game
PoC:   Points of Contact
PRC:   Performance Review Committee
ToR:         Terms of Reference
WGSA:    Working Group on Stock Assessment
WGST:     Working Group on Salmon Tagging

Abbreviations for ENFO

EECM:  Enforcement Evaluation and Coordination Meeting
ENFO:  Committee on Enforcement
IIS:  Integrated Information System
IPOA-IUU:  International Plan of Action to Prevent, Deter and  Eliminate Illegal, Unre-
ported and Unregulated Fishing
PRC:   Performance Review Committee
NPAFC:  North Pacific Anadromous Fish Commission
ToR:  Terms of Reference
RFMO:  Regional Fisheries Management Organization

Abbreviations for Committee F&A

ADF&G:  Alaska Department of Fish and Game
PRC:  Performance Review Committee
RoP:   Rules of Procedure
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Appendix 4. Research Vessel Cruise Plans, 2014-2015
Research Vessel Cruise Plans, 2014-2015

Party/Program Survey Region Vessel and Tenta-
tive Dates Research Focus Contact

Canada/DFO 
Nanaimo

Canada EEZ: 
west coast 
of Vancouver 
Island, Queen 
Charlotte Sound, 
Queen Charlotte 
Strait, Strait of 
Georgia, Puget 
Sound

CCGS W.E. Rick-
er:  June 24-July 
20 and September 
16-November 8, 
2014, March 5-16, 
2015

Biological information on  
salmon and the associ-
ated  fish community,  DNA 
samples for stock identifi-
cation and migration timing 
and distribution of juvenile 
salmon, oceanographic 
conditions, zooplankton 
biomass and community 
composition will be col-
lected.  A mid-water trawl 
will be used to capture 
salmon.

Marc Trudel, Marc.
Trudel@dfo-mpo.
gc.ca; Chrys 
Neville, Chrys.
Neville@dfo-
mpo.gc.ca, DFO, 
Nanaimo; NPAFC 
Doc. 1529

Canada/DFO 
Nanaimo 

Canada EEZ: 
Strait of Georgia 

Chartered vessel 
(not yet named): 
May 31-June 9, 
2014 

Determine the distribution, 
abundance, and health 
of juvenile Fraser River 
sockeye salmon during 
their early marine life and 
peak abundance.  A mid-
water trawl will be used to 
capture salmon.

Marc Trudel, Marc.
Trudel@dfo-mpo.
gc.ca; Chrys 
Neville, Chrys.
Neville@dfo-
mpo.gc.ca, DFO, 
Nanaimo; NPAFC 
Doc. 1529

Canada/DFO 
Nanaimo

Canada EEZ: 
Gulf Islands, 
Roberts Banks, 
Howe Sound

CCGS Neocaligus:  
April 14-18, May 
19-23, June 23-26, 
July 21-24, Sept 
11-16,  2014 

Monitoring northward 
migration of juvenile Faser 
River and Cowichan Bay 
salmon in  nearshore 
areas. A mid-water 4 m X 
4 m trawl that is able to ac-
cess shallow waters will be 
used to capture salmon.

Marc Trudel, Marc.
Trudel@dfo-mpo.
gc.ca; Chrys 
Neville, Chrys.
Neville@dfo-
mpo.gc.ca, DFO, 
Nanaimo; NPAFC 
Doc. 1529

Canada/DFO 
Nanaimo

Canada EEZ: 
lower Johnstone 
Strait and Cowi-
chan Bay

Chartered fish-
ing vessel (not 
yet named): May 
23-24, 29-30, June 
5-6, 13-14, 20-21, 
26-27, July 3-4, 
2014

In Johnstone Strait the 
objective is to determine 
migration timing of juvenile 
sockeye salmon from the 
Fraser River through this 
region.  DNA will be col-
lected to follow migration at 
a stock level. In the Strait 
of Georgia, the primary 
objective is to examine 
condition and growth of ju-
venile sockeye salmon.  In 
Cowichan Bay the primary 
objective is to examine  
condition and growth of 
hatchery- and wild-reared 
Cowichan River Chinook 
salmon.  A purse seine will 
be used to capture salmon.

Marc Trudel, Marc.
Trudel@dfo-mpo.
gc.ca; Chrys 
Neville, Chrys.
Neville@dfo-
mpo.gc.ca, DFO, 
Nanaimo; NPAFC 
Doc. 1529
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Party/Program Survey Region Vessel and Tenta-
tive Dates Research Focus Contact

Japan/FRA 
Sapporo

NPAFC Conven-
tion Area: central 
Bering Sea

R/V Hokko maru: 
July 23-August 15, 
2014

Salmon abundance and 
distribution will be studied 
using a surface/midwater 
trawl and hook-and-line 
gear.

Shigehiko Urawa, 
HNFRI, urawa@
affrc.go.jp; NPAFC 
Doc. 1499

Japan/Hokkaido 
University

NPAFC Con-
vention Area: 
western North 
Pacific

R/V Oshoro maru: 
May 8-19, 2014 

Distribution and ecology of 
salmon and other pelagic 
fishes will be studied.  A 
research gillnet, longline, 
and hook-and-line gear will 
be used to capture fish.  A 
research gillnet less than 
2.5 km in length will be 
used.

Shigehiko Urawa, 
HNFRI, urawa@
affrc.go.jp; NPAFC 
Doc. 1499

Russia/TINRO-
Center

Russian EEZ 
and NPAFC 
Convention Area:  
northwestern 
North Pacific

R/V Professor 
Kaganovsky June-
July, 2014 

The major purpose is esti-
mation of maturing salmon 
abundance and biomass 
for short-term forecasting 
of their returns-and pos-
sible catch.  Oceanog-
raphy, zooplankton, fish 
(primarily immature and 
maturing salmon) and 
nekton distribution, diets, 
spatial differentiation, stock 
structure, and a hydro-
logical survey will be con-
ducted.  A midwater trawl 
will be used to capture fish.  

Olga Temnykh, 
TINRO-center, 
temnykh@tinro.
ruNPAFC Doc. 
1505

Russia/TINRO-
Center

Russian EEZ:  
southern 
Okhotsk Sea

R/V TINRO:        
October-Novem-
ber, 2014

In Johnstone Strait the 
objective is to determine 
migration timing of juvenile 
sockeye salmon from the 
Fraser River through this 
region.  DNA will be col-
lected to follow migration at 
a stock level. In the Strait 
of Georgia, the primary 
objective is to examine 
condition and growth of ju-
venile sockeye salmon.  In 
Cowichan Bay the primary 
objective is to examine  
condition and growth of 
hatchery- and wild-reared 
Cowichan River Chinook 
salmon.  A purse seine will 
be used to capture salmon.

Marc Trudel, Marc.
Trudel@dfo-mpo.
gc.ca; Chrys 
Neville, Chrys.
Neville@dfo-
mpo.gc.ca, DFO, 
Nanaimo; NPAFC 
Doc. 1529
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Party/Program Survey Region Vessel and Tenta-
tive Dates Research Focus Contact

USA/NMFS, 

Southeast 
Alaska Coastal 
Monitoring

US EEZ: north-
ern region of 
Southeast Alaska

R/V Sashin: May 
20-22, 2014; 

Chartered fish-
ing vessel to be 
determined: June 
26-July 3; July 
26-August 2; Au-
gust 28-September 
4, 2014

The May cruise of the 
R/V Shashin will focus on 
oceanography (it is not a 
trawl survey); other sur-
veys will conduct sampling 
for CTD, chlorophyll and 
nutrients, zooplankton, and 
fish abundance and distri-
bution.  A surface trawl will 
be used to capture salmon. 

Joe Orsi, NMFS, 
Auke Bay Labs, 
Joe.Orsi@noaa.
gov; NPAFC Doc. 
1508

USA/NMFS,

Gulf of Alaska 
Project

US EEZ: Gulf of 
Alaska off the 
coast of south-
east Alaska 

Chartered stern-
ramp trawl vessel 
(not yet named):  
Cruise Leg 1a: 
July 5-15; Cruise 
Leg 1b: July 16-25; 
Cruise Leg 2a: Au-
gust 4-15; Cruise 
Leg 2b: August 
16-27, 2014 

The objectives are to 
provide key ecological data 
on the pelagic ecosystem, 
examine oceanographic 
transport mechanisms, 
lower trophic level produc-
tion and fish distribution 
and condition.  Biological 
and physical oceanog-
raphy, epi-pelagic fish 
species, zooplankton, and 
ichthyoplankton distribu-
tion and abundance will 
be studied.  A midwater 
rope trawl will be used to 
capture salmon.

Jamal Moss, 
NMFS, Auke Bay 
Labs,  jamal. 
moss@noaa.gov; 
NPAFC Doc. 1522

USA/NMFS and 
PMEL

US EEZ: south-
eastern Bering 
Sea

R/V Ocar Dyson: 
Leg 1: August 15-
31; Leg 2: Septem-
ber 3-18; Leg 3: 
September 21-Oc-
tober 15, 2014 

The objectives are to col-
lect biological information 
ecologically important fish 
species and describe the 
physical and biological 
oceanographic conditions.  
Biological and physical 
oceanography, epi-pelagic 
fish species, zooplank-
ton, and ichthyoplankton 
distribution and abundance 
will be studied.  A midwater 
rope trawl will be used to 
capture salmon.

Ed Farley, NMFS, 
Auke Bay Labs, 
Ed.Farley@noaa.
gov; NPAFC Doc. 
1523

USA/ADF&G 
and NMFS Eco-
system Monitor-
ing and Assess-
ment Program

US EEZ: north-
ern Bering Sea 

F/V Alaska En-
deavor: Leg 1: 
August 30-Sep-
tember 11; Leg 2: 
September 11-24, 
2014.   

R/V Pandalus:  Leg 
1: August 6-24; 
Leg 2: August 
25-September 7, 
2014.

The objectives are to col-
lect biological and oceano-
graphic information pertin-
ent to juvenile salmon and 
calibrate trawl catches 
to transition to a smaller, 
more economical survey 
platform.  Biological and 
physical oceanography, 
salmon, and other pelagic 
fish data will be collected.  
A midwater rope trawl will 
be used to capture salmon.

Kathrine Howard, 
ADF&G, kathrine.
howard@alaska.
gov; Jim Murphy, 
Auke Bay Labs, 
Jim.Murphy@
noaa.gov; NPAFC 
Doc. 1530
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Sample and Data Requests (2014 CSRS Meeting)

Request 
No.

Re-
questing 

Party

Re-
quested 

Party
Request Research Pur-

pose Contact Persons Comments

C12-02 Canada USA Sockeye salmon genetic 
samples collected from 
two spawning populations 
from the Chignik River, two 
populations from the Kus-
kokwim River, two popu-
lations from the Copper 
River, and two populations 
from Norton Sound.  Fin 
clip preserved in alcohol 
preferred, extracted DNA or 
scales acceptable.  Base-
line collections should ap-
proach 200 fish from each 
population.

Baseline aug-
mentation

Terry Beacham 
(Terry.Beacham@
dfo-mpo.gc.ca) 
contacts Eric Volk 
(eric.volk@alaska.
gov), William Tem-
plin (bill.templin@
alaska.gov)

U.S. (William Templin) 
will provide the re-
quested samples. The 
US provided the re-
quested samples by the 
time of the 2014 Annual 
Meeting. 
Request is completed.

C12-03 Canada Japan Sockeye salmon tissues 
collected during the 2013 
Japanese Bering Sea sal-
mon research cruise.

Evaluate stock 
composition of 
sockeye salmon 
distributed in 
the central Ber-
ing Sea in 2013.

Terry Beacham 
(Terry.Beacham@
dfo-mpo.gc.ca) con-
tacts Shunpei Sato 
(shuns@fra.affrc.
go.jp) 

Japan will provide the 
requested samples if 
available as the request 
C12-01.   
Request is completed.

C12-04 Canada Russia, 
USA

Pink salmon genetic 
samples collected from 
spawning populations.  
United States and Russia:  
Samples collected from 
8 odd-year and 8 even-
year populations over the 
geographic range in both 
Alaska and Russia.  Fin 
clip preserved in alcohol 
preferred, extracted DNA or 
scales acceptable.  Base-
line collections should ap-
proach 200 fish from each 
population. 

Baseline aug-
mentation

Terry Beacham 
(Terry.Beacham@
dfo-mpo.gc.ca) 
contacts Eric Volk 
(eric.volk@al-
aska.gov), William 
Templin (bill.tem-
plin@alaska.gov),  
Alexander Bugaev 
(bugaev.a.v@
kamniro) 
and Jim Seeb 
(jseeb@u.washing-
ton.edu)

See request U12-01 
regarding USA's agree-
ment to share Russian 
pink salmon genetic 
material with Canada.  
Russian portion of 
request is completed. 
Six populations of shared 
(Russian) samples and 
USA samples have been 
provided to Canada.  
ADFG is in the process 
of extracting DNA and 
anticipates fulfilling the 
remaining portion of the 
request in late 2014.

C14-01 Canada Japan Sockeye salmon tissues 
collected during the 2014 
Japanese Bering Sea sal-
mon research cruise.

Evaluate stock 
composition of 
sockeye salmon 
distributed in 
the central Ber-
ing Sea in 2014.

Terry Beacham 
(Terry.Beacham@
dfo-mpo.gc.ca) con-
tacts Shunpei Sato 
(shuns@fra.affrc.
go.jp) 

Japan will collect the 
samples during the sum-
mer 2014 cruise if sock-
eye salmon are caught. 
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Request No. Requesting Party Requested 
Party Request Research Purpose Contact Persons Comments

PK14-01 Korea Canada, Japan, 
USA

Chum salmon genetic samples collected from two spawn-
ing populations (located anywhere but apart from each 
other, if possible).  Genetic sample requested is 1 g of fin 
clip preserved in alcohol.  Number of fish sampled should 
approach 40 fish from each population.

Stock analysis of chum 
salmon based on mito-
chondrial DNA sequen-
ces for Korean stock 
identification.

Ha Yeun Song  (songhy@fira.or.kr) 
contacts Terry Beacham (Terry.Bea-
cham@dfo-mpo.gc.ca) for Canada, 
Shunpei Sato (shuns@fra.affrc.go.jp) 
for Japan, and William Templin (bill.
templin@alaska.gov) for USA.

Samples from Russia are not available.  W. 
Templin will coordinate provision of samples 
from USA

K14-02 Korea Japan, Russia Cherry salmon, anadromous, genetic samples collected 
from at least two spawning populations (located anywhere 
but apart from each other, if possible).  Genetic sample 
requested is 1 g of fin clip preserved in alcohol.  Number 
of fish sampled should approach 40 fish from each popula-
tion.

Stock analysis of cherry 
salmon based on mito-
chondrial DNA sequen-
ces for Korean stock 
identification.

Ha Yeun Song (songhy@fira.or.kr) con-
tacts Shunpei Sato (shuns@fra.affrc.
go.jp) for Japan and Alexander Bugaev 
(bugaev.a.v@kamniro.ru) for Russia.

K14-03 Korea Japan Cherry salmon, non-anadromous, genetic samples 
collected from one spawning population.  Genetic sample 
requested is 1 g of fin clip preserved in alcohol.  Number 
of fish sampled should approach 40 to 50 fish from each 
population.

Stock analysis of cherry 
salmon based on mito-
chondrial DNA sequen-
ces for Korean stock 
identification.

Ha Yeun Song (songhy@fira.or.kr) con-
tacts Shunpei Sato (shuns@fra.affrc.
go.jp) for Japan.

H.Y. Song should discuss with S. Sato re-
garding availability of samples for non-anadro-
mous cherry salmon.

R12-03 Russia USA Chum salmon scale (impressions) and standard biological 
data for 2012 from the following rivers:  Yukon R., Nus-
hagak R., and Kuskokwim R.  Request is for 300-400 fish 
scale samples. 

Baseline data Alexander Bugaev 
(bugaev.a.v@kamniro.ru) 
contacts Eric Volk (eric.volk@alaska.
gov)

These scales are not yet available but the US 
will bring them to the Annual Meeting in 2014. 
Request is completed.

R14-01 Russia USA 2007-2013 Oceanographic data from the US Economic 
Zone of the Bering Sea including temperature, salinity, dis-
solved oxygen, and nutrients.

Develop a database of 
oceanographic data for 
the Western and the 
Eastern parts of the Ber-
ing Sea.

Khen Gennady (gennady1@tinro.ru)
contacts  
Lisa Eisner (lisa.eisner@noaa.gov)

Oceanographic data (from BASIS surveys) will 
be used for analyzing oceanographic conditions 
in the Bering Sea in the 2000s and for prepara-
tion of a joint report on research results of the 
BASIS-II Program. 
Request is completed.

U07-05 USA Canada, Japan, 
Russia

Steelhead genetics samples (fin preserved in ethanol) 
from North Pacific sampling

Ocean distribution of 
steelhead

Ken Warheit (Kenneth.Warheit@
dfw.wa.gov) contacts Shunpei Sato 
(shuns@fra.affrc.go.jp) for Japan, 
Maxim Koval (koval.m.v@kamniro.
ru) for Russia, and Marc Trudel (Marc.
Trudel@dfo-mpo.gc.ca) for Canada

Baseline sample request is completed.  BC 
Ministry of the Environment provided samples, 
and samples from 8 major drainages in Kam-
chatka have been provided.  Ocean sample 
request is continuing:  Japan provided 2007-
2009 at-sea samples; some Russian at-sea 
samples provided in 2007 and 2008. 
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Request No. Requesting Party Requested 
Party Request Research Purpose Contact Persons Comments

PK14-01 Korea Canada, Japan, 
USA

Chum salmon genetic samples collected from two spawn-
ing populations (located anywhere but apart from each 
other, if possible).  Genetic sample requested is 1 g of fin 
clip preserved in alcohol.  Number of fish sampled should 
approach 40 fish from each population.

Stock analysis of chum 
salmon based on mito-
chondrial DNA sequen-
ces for Korean stock 
identification.

Ha Yeun Song  (songhy@fira.or.kr) 
contacts Terry Beacham (Terry.Bea-
cham@dfo-mpo.gc.ca) for Canada, 
Shunpei Sato (shuns@fra.affrc.go.jp) 
for Japan, and William Templin (bill.
templin@alaska.gov) for USA.

Samples from Russia are not available.  W. 
Templin will coordinate provision of samples 
from USA

K14-02 Korea Japan, Russia Cherry salmon, anadromous, genetic samples collected 
from at least two spawning populations (located anywhere 
but apart from each other, if possible).  Genetic sample 
requested is 1 g of fin clip preserved in alcohol.  Number 
of fish sampled should approach 40 fish from each popula-
tion.

Stock analysis of cherry 
salmon based on mito-
chondrial DNA sequen-
ces for Korean stock 
identification.

Ha Yeun Song (songhy@fira.or.kr) con-
tacts Shunpei Sato (shuns@fra.affrc.
go.jp) for Japan and Alexander Bugaev 
(bugaev.a.v@kamniro.ru) for Russia.

K14-03 Korea Japan Cherry salmon, non-anadromous, genetic samples 
collected from one spawning population.  Genetic sample 
requested is 1 g of fin clip preserved in alcohol.  Number 
of fish sampled should approach 40 to 50 fish from each 
population.

Stock analysis of cherry 
salmon based on mito-
chondrial DNA sequen-
ces for Korean stock 
identification.

Ha Yeun Song (songhy@fira.or.kr) con-
tacts Shunpei Sato (shuns@fra.affrc.
go.jp) for Japan.

H.Y. Song should discuss with S. Sato re-
garding availability of samples for non-anadro-
mous cherry salmon.

R12-03 Russia USA Chum salmon scale (impressions) and standard biological 
data for 2012 from the following rivers:  Yukon R., Nus-
hagak R., and Kuskokwim R.  Request is for 300-400 fish 
scale samples. 

Baseline data Alexander Bugaev 
(bugaev.a.v@kamniro.ru) 
contacts Eric Volk (eric.volk@alaska.
gov)

These scales are not yet available but the US 
will bring them to the Annual Meeting in 2014. 
Request is completed.

R14-01 Russia USA 2007-2013 Oceanographic data from the US Economic 
Zone of the Bering Sea including temperature, salinity, dis-
solved oxygen, and nutrients.

Develop a database of 
oceanographic data for 
the Western and the 
Eastern parts of the Ber-
ing Sea.

Khen Gennady (gennady1@tinro.ru)
contacts  
Lisa Eisner (lisa.eisner@noaa.gov)

Oceanographic data (from BASIS surveys) will 
be used for analyzing oceanographic conditions 
in the Bering Sea in the 2000s and for prepara-
tion of a joint report on research results of the 
BASIS-II Program. 
Request is completed.

U07-05 USA Canada, Japan, 
Russia

Steelhead genetics samples (fin preserved in ethanol) 
from North Pacific sampling

Ocean distribution of 
steelhead

Ken Warheit (Kenneth.Warheit@
dfw.wa.gov) contacts Shunpei Sato 
(shuns@fra.affrc.go.jp) for Japan, 
Maxim Koval (koval.m.v@kamniro.
ru) for Russia, and Marc Trudel (Marc.
Trudel@dfo-mpo.gc.ca) for Canada

Baseline sample request is completed.  BC 
Ministry of the Environment provided samples, 
and samples from 8 major drainages in Kam-
chatka have been provided.  Ocean sample 
request is continuing:  Japan provided 2007-
2009 at-sea samples; some Russian at-sea 
samples provided in 2007 and 2008. 
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Request No. Requesting Party Requested 
Party Request Research Purpose Contact Persons Comments

U12-01 USA Canada, Japan, 
Russia

Pink salmon genetic samples requested from spawning 
populations to represent geographic diversity of the spe-
cies from odd- and even-year runs.   
Canada and Russia: samples collected from 2 paired 
populations determined by them (for example, one pair of 
collections, even- and odd-year, from convenient geo-
graphic extremes in Kamchatka and British Columbia).   
Japan: samples collected from 9 hatcheries in Hokkaido.  
Genetic sample of 1 g of fin clip or other somatic tissue 
preserved in alcohol at room temperature.  Number of fish 
sampled should approach 100 fish of even- and odd-year 
lineage from each location. 

Develop new SNP mark-
ers for pink salmon for 
PacSNP collaboration

Jim Seeb  
(jseeb@uw.edu)  
contacts  
Terry Beacham (Terry.Beacham@dfo-
mpo.gc.ca) for Canada;  
Shunpei Sato (shuns@fra.affrc.go.jp)  
for Japan; 
Alexander Bugaev (bugaev.a.v@
kamniro.ru) for Russia.

Japan and Russia provided the samples to 
the US at the 2013 CSRS meeting.   The USA 
agreed to share the Russian pink salmon 
genetic material with Canada for request C12-
04.  Japanese and Russian portion of the 
request is completed.  T. Beacham suggested 
that as the request was for samples from paired 
populations of pink salmon from even- and odd-
year populations spawning in the same river,  
samples from the Fraser R. are not suitable 
because it essentially does not contain even-
year populations.  Even- and odd-year samples 
from the same river can come from NE Van-
couver Is., central coast of BC, Skeena R. 
and some populations between the Nass and 
Skeena drainages.  T. Beacham is preparing 
extracted DNA samples from the Skeena River 
and northeast Vancouver Island and expected 
to be completed by late 2014.  

U12-03 USA Japan Anadromous sockeye salmon (O. nerka);  one collection 
from an anadromous population; genetic sample of 1 g of 
fin clip or other somatic tissue preserved in alcohol at room 
temperature.  Number of fish sampled should approach 
100 fish per collection.  

Study of the genetics of 
anadromy

Jim Seeb 
(jseeb@uw.edu) contacts 
Shunpei Sato (shuns@fra.affrc.go.jp)  
for Japan.

Japan provided old archived samples of 
anadromous sockeye salmon.  Unfortunately 
the samples were very old and the new SNP 
development chemistry is sensitive to DNA 
degradation.  Therefore, the request is renewed 
for anadromous sockeye salmon samples 
from new collections.  Japan will collect fresh 
samples of anadromous sockeye salmon in fall 
2013.  Japan collected genetic samples from 
adult sockeye salmon in the Abira River in fall 
2013 and will bring them to the CSRS meeting 
in 2014. 
Request is completed.

U12-03 USA Russia Kokanee non-anadromous (O.	nerka);  one collection 
from a non-anadromous population; genetic sample of 1g 
of fin clip or other somatic tissue preserved in alcohol at 
room temperature.  Number of fish sampled should ap-
proach 100 fish per collection.  

Study of the genetics of 
anadromy

Jim Seeb 
(jseeb@uw.edu) contacts 
Alexander Bugaev (bugaev.a.v@
kamniro.ru) for Russia

Russia provided old archived samples of 
non-anadromous kokanee.  Unfortunately 
the samples were very old and the new SNP 
development chemistry is sensitive to DNA 
degradation.  Therefore, the request is renewed 
for non-anadromous kokanee  samples from 
new collections.   
Request is completed.

U13-02 USA Canada Anadromous sockeye salmon and non-anadromous 
kokanee (O.	nerka);  one collection of anadromous and 
one collection of non-anadromous samples from non-
interbreeding, but from proximal locations (for example 
adjacent drainages); genetic sample of 1 g of fin clip or 
other somatic tissue preserved in alcohol at room temper-
ature.  Number of fish sampled should approach 100 fish 
per collection.  

Study of the genetics of 
anadromy

Jim Seeb 
(jseeb@uw.edu) contacts 
Terry Beacham (Terry.Beacham@dfo-
mpo.gc.ca) for Canada.

T. Beacham suggested that they do have 
existing samples in their laboratory for both 
sockeye and kokanee from the Fraser R. drain-
age that would meet the criteria outlined.  He is 
the contact person for these samples.  J. Seeb 
and T. Beacham have discussed the existence 
of these samples in an archive.  The request is 
in progress and is expected to be completed by 
late 2014. 
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Request No. Requesting Party Requested 
Party Request Research Purpose Contact Persons Comments

U12-01 USA Canada, Japan, 
Russia

Pink salmon genetic samples requested from spawning 
populations to represent geographic diversity of the spe-
cies from odd- and even-year runs.   
Canada and Russia: samples collected from 2 paired 
populations determined by them (for example, one pair of 
collections, even- and odd-year, from convenient geo-
graphic extremes in Kamchatka and British Columbia).   
Japan: samples collected from 9 hatcheries in Hokkaido.  
Genetic sample of 1 g of fin clip or other somatic tissue 
preserved in alcohol at room temperature.  Number of fish 
sampled should approach 100 fish of even- and odd-year 
lineage from each location. 

Develop new SNP mark-
ers for pink salmon for 
PacSNP collaboration

Jim Seeb  
(jseeb@uw.edu)  
contacts  
Terry Beacham (Terry.Beacham@dfo-
mpo.gc.ca) for Canada;  
Shunpei Sato (shuns@fra.affrc.go.jp)  
for Japan; 
Alexander Bugaev (bugaev.a.v@
kamniro.ru) for Russia.

Japan and Russia provided the samples to 
the US at the 2013 CSRS meeting.   The USA 
agreed to share the Russian pink salmon 
genetic material with Canada for request C12-
04.  Japanese and Russian portion of the 
request is completed.  T. Beacham suggested 
that as the request was for samples from paired 
populations of pink salmon from even- and odd-
year populations spawning in the same river,  
samples from the Fraser R. are not suitable 
because it essentially does not contain even-
year populations.  Even- and odd-year samples 
from the same river can come from NE Van-
couver Is., central coast of BC, Skeena R. 
and some populations between the Nass and 
Skeena drainages.  T. Beacham is preparing 
extracted DNA samples from the Skeena River 
and northeast Vancouver Island and expected 
to be completed by late 2014.  

U12-03 USA Japan Anadromous sockeye salmon (O. nerka);  one collection 
from an anadromous population; genetic sample of 1 g of 
fin clip or other somatic tissue preserved in alcohol at room 
temperature.  Number of fish sampled should approach 
100 fish per collection.  

Study of the genetics of 
anadromy

Jim Seeb 
(jseeb@uw.edu) contacts 
Shunpei Sato (shuns@fra.affrc.go.jp)  
for Japan.

Japan provided old archived samples of 
anadromous sockeye salmon.  Unfortunately 
the samples were very old and the new SNP 
development chemistry is sensitive to DNA 
degradation.  Therefore, the request is renewed 
for anadromous sockeye salmon samples 
from new collections.  Japan will collect fresh 
samples of anadromous sockeye salmon in fall 
2013.  Japan collected genetic samples from 
adult sockeye salmon in the Abira River in fall 
2013 and will bring them to the CSRS meeting 
in 2014. 
Request is completed.

U12-03 USA Russia Kokanee non-anadromous (O.	nerka);  one collection 
from a non-anadromous population; genetic sample of 1g 
of fin clip or other somatic tissue preserved in alcohol at 
room temperature.  Number of fish sampled should ap-
proach 100 fish per collection.  

Study of the genetics of 
anadromy

Jim Seeb 
(jseeb@uw.edu) contacts 
Alexander Bugaev (bugaev.a.v@
kamniro.ru) for Russia

Russia provided old archived samples of 
non-anadromous kokanee.  Unfortunately 
the samples were very old and the new SNP 
development chemistry is sensitive to DNA 
degradation.  Therefore, the request is renewed 
for non-anadromous kokanee  samples from 
new collections.   
Request is completed.

U13-02 USA Canada Anadromous sockeye salmon and non-anadromous 
kokanee (O.	nerka);  one collection of anadromous and 
one collection of non-anadromous samples from non-
interbreeding, but from proximal locations (for example 
adjacent drainages); genetic sample of 1 g of fin clip or 
other somatic tissue preserved in alcohol at room temper-
ature.  Number of fish sampled should approach 100 fish 
per collection.  

Study of the genetics of 
anadromy

Jim Seeb 
(jseeb@uw.edu) contacts 
Terry Beacham (Terry.Beacham@dfo-
mpo.gc.ca) for Canada.

T. Beacham suggested that they do have 
existing samples in their laboratory for both 
sockeye and kokanee from the Fraser R. drain-
age that would meet the criteria outlined.  He is 
the contact person for these samples.  J. Seeb 
and T. Beacham have discussed the existence 
of these samples in an archive.  The request is 
in progress and is expected to be completed by 
late 2014. 
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Request No. Requesting Party Requested 
Party Request Research Purpose Contact Persons Comments

U13-03 USA Canada Sockeye salmon genetic samples collected from two 
spawning populations from the Fraser River (North Thomp-
son and Mitchell), four populations from the Central Coast 
(including Lowe), and two populations from West Coast 
Vancouver Island (including Somass). Fin clip preserved in 
alcohol preferred, good quality extracted DNA acceptable.  
Baseline collections should contain approximately 100 fish 
from each population.

Baseline augmentation William Templin (bill.templin@alaska.
gov) contacts Terry Beacham (Terry.
Beacham@dfo-mpo.gc.ca)

Canada (Terry Beacham) will provide the 
requested samples. Canada will provide the 
requested samples by the time of the 2014 An-
nual Meeting. 
Request is completed.

U13-04 USA Canada Coho salmon genetic samples collected from one spawn-
ing population from each of the following areas: Nass 
River, Skeena River, Central Coast, Haida Gwaii, and 
Vancouver Island.  Fin clip preserved in alcohol preferred, 
good quality extracted DNA acceptable.  Baseline collec-
tions should contain approximately 100 fish from each 
population.

Baseline development: 
marker survey

William Templin (bill.templin@alaska.
gov) contacts Terry Beacham (Terry.
Beacham@dfo-mpo.gc.ca) 
 

USA (Bill Templin) and Canada (Terry Bea-
cham) have been in contact and are making 
arrangements for the request to be provided.  
The sample request is in progress and will be 
available in late 2014.

U12-05 USA Japan Chinook and Chum salmon muscle tissue samples col-
lected during the 2013 Hokko maru survey in the central 
Bering Sea for thiamine analysis.  50 muscle samples 
each of Chinook and chum salmon for a total of 100 
samples are  requested.  It is preferable if the Chinook 
and chum salmon tissue samples could be collected at 
the same stations.  Each sample is approximately 20 g 
preserved by freezing.  It would be desirable to be able to 
reference a diet summary of Chinook and chum salmon to 
link thiamine levels to diet.

Thiamine analysis of 
Bering Sea Chinook 
salmon

Jim Murphy (jim.murphy@noaa.gov) 
contacts Shigehiko Urawa (urawa@
affrc.go.jp)

Japan collected the requested samples as well 
as associated data during the 2013 Hokko 
maru cruise.  It is expected that a US scientist 
(A. Seitz) participating in the 2014 Hokko maru 
cruise will transport the samples back to the 
US.
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Request No. Requesting Party Requested 
Party Request Research Purpose Contact Persons Comments

U13-03 USA Canada Sockeye salmon genetic samples collected from two 
spawning populations from the Fraser River (North Thomp-
son and Mitchell), four populations from the Central Coast 
(including Lowe), and two populations from West Coast 
Vancouver Island (including Somass). Fin clip preserved in 
alcohol preferred, good quality extracted DNA acceptable.  
Baseline collections should contain approximately 100 fish 
from each population.

Baseline augmentation William Templin (bill.templin@alaska.
gov) contacts Terry Beacham (Terry.
Beacham@dfo-mpo.gc.ca)

Canada (Terry Beacham) will provide the 
requested samples. Canada will provide the 
requested samples by the time of the 2014 An-
nual Meeting. 
Request is completed.

U13-04 USA Canada Coho salmon genetic samples collected from one spawn-
ing population from each of the following areas: Nass 
River, Skeena River, Central Coast, Haida Gwaii, and 
Vancouver Island.  Fin clip preserved in alcohol preferred, 
good quality extracted DNA acceptable.  Baseline collec-
tions should contain approximately 100 fish from each 
population.

Baseline development: 
marker survey

William Templin (bill.templin@alaska.
gov) contacts Terry Beacham (Terry.
Beacham@dfo-mpo.gc.ca) 
 

USA (Bill Templin) and Canada (Terry Bea-
cham) have been in contact and are making 
arrangements for the request to be provided.  
The sample request is in progress and will be 
available in late 2014.

U12-05 USA Japan Chinook and Chum salmon muscle tissue samples col-
lected during the 2013 Hokko maru survey in the central 
Bering Sea for thiamine analysis.  50 muscle samples 
each of Chinook and chum salmon for a total of 100 
samples are  requested.  It is preferable if the Chinook 
and chum salmon tissue samples could be collected at 
the same stations.  Each sample is approximately 20 g 
preserved by freezing.  It would be desirable to be able to 
reference a diet summary of Chinook and chum salmon to 
link thiamine levels to diet.

Thiamine analysis of 
Bering Sea Chinook 
salmon

Jim Murphy (jim.murphy@noaa.gov) 
contacts Shigehiko Urawa (urawa@
affrc.go.jp)

Japan collected the requested samples as well 
as associated data during the 2013 Hokko 
maru cruise.  It is expected that a US scientist 
(A. Seitz) participating in the 2014 Hokko maru 
cruise will transport the samples back to the 
US.
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Request No. Requesting Party Requested 
Party Request Research Purpose Contact Persons Comments

U14-01 USA Russia 2008-2012 CTD data from Russian BASIS cruises Analysis of physical 
oceanographic data for 
a manuscript in Izvestiya 
TINRO special issue on 
BASIS research

Ed Farley (Ed.Farley@noaa.gov) con-
tacts Olga Temnykh (olga.temnykh@
tinro-center.ru)

Request is completed.

U14-02 USA Russia Pink salmon genetic samples from paired even-num-
bered year and odd-numbered year stocks in the same 
river in northern Russia.  

Baseline development Lisa Seeb (lseeb@uw.edu) contacts 
Yelena Golub in Chukotka.  

The only river in northern Russia that has 
paired even- and odd-numbered year pink sal-
mon is the Anadyr River. A. Bugaev will email 
Y. Golub contact information to the Secretariat 
after the CSRS meeting.

U14-03 USA Japan Chinook salmon genetic samples from Bering Sea re-
search cruises, 2013 and 2014.

Migration studies Jim Seeb 
(jseeb@uw.edu) contacts 
Shunpei Sato (shuns@fra.affrc.go.jp) 
for Japan.

The 2013 portion of the sample request is 
completed.  The 2014 samples will be pro-
vided if the samples are acquired during the 
cruise.
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Request No. Requesting Party Requested 
Party Request Research Purpose Contact Persons Comments

U14-01 USA Russia 2008-2012 CTD data from Russian BASIS cruises Analysis of physical 
oceanographic data for 
a manuscript in Izvestiya 
TINRO special issue on 
BASIS research

Ed Farley (Ed.Farley@noaa.gov) con-
tacts Olga Temnykh (olga.temnykh@
tinro-center.ru)

Request is completed.

U14-02 USA Russia Pink salmon genetic samples from paired even-num-
bered year and odd-numbered year stocks in the same 
river in northern Russia.  

Baseline development Lisa Seeb (lseeb@uw.edu) contacts 
Yelena Golub in Chukotka.  

The only river in northern Russia that has 
paired even- and odd-numbered year pink sal-
mon is the Anadyr River. A. Bugaev will email 
Y. Golub contact information to the Secretariat 
after the CSRS meeting.

U14-03 USA Japan Chinook salmon genetic samples from Bering Sea re-
search cruises, 2013 and 2014.

Migration studies Jim Seeb 
(jseeb@uw.edu) contacts 
Shunpei Sato (shuns@fra.affrc.go.jp) 
for Japan.

The 2013 portion of the sample request is 
completed.  The 2014 samples will be pro-
vided if the samples are acquired during the 
cruise.
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Suggested Panel and Editorial Members and Leaders (*) for the review of the  
2011-2015 NPAFC Science Plan.  

 
Note: panel leaders = session conveners at 2015 NPAFC Symposium.  (Updated May 14, 2014)

2011-2015 NPAFC Science 
Plan 

Research Components

Panel members

Canada Japan Korea Russia USA

1. Migration and survival mech-
anisms of juvenile salmon in 
ocean ecosystems

*M. Trudel 
A. Tompkins T. Saito *J.K. Kim O. Temnykh 

M. Koval D. Oxman

2. Climate impacts on Pacific 
salmon production in the Bering 
Sea and adjacent waters

M. Trudel T. Azumaya 
S. Sato NA *O. Temnykh 

A. Zavolokin *E. Farley

3. Winter survival of Pacific 
salmon in North Pacific Ocean 
ecosystems

*M. Trudel 
J. Irvine S. Urawa NA *S. 

Naydenko J. Moss

4. Biological monitoring of key 
salmon populations

*J. Irvine 
A. Tompkins *T. Saito NA N. Klovach 

V. Volobuev E. Volk

5. Development and applications 
of stock identification methods 
and models for management of 
Pacific salmon

T. Beacham 
M. Saunders

S. Sato 
*M. Kishi H.Y. Song A. Bugaev *J. Guyon 

K. Warheit

Editorial Members (=SSC mem-
bers) J. Irvine *S. Urawa J. K. Kim A. Zavolokin E. Farley

Appendix 6. Suggested Panel and Editorial Members and 
Leaders for the review of the 2011-2015 NPAFC Science Plan 
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Appendix 7. Organization of 2015 NPAFC Symposium: 
Proposal to CSRS
Organization of 2015 NPAFC Symposium: Proposal to CSRS

May 2014 by the Symposium Organizing Committee

Organizing Committee (OC): Ed Farley, Jim Irvine, Ju Kyoung Kim, Shigehiko Urawa (Chairperson), 
and Alex Zavolokin, and Nancy Davis (Secretariat)

Date: May 17-19, 2015

Place: Kobe International Conference Center, Kobe, Japan http://kobe-cc.jp/english/index.html

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

Purpose
Understanding how climate change and variability impacts the marine ecology of Pacific salmon and 
steelhead trout is important to their future sustainability. This symposium will review recent research 
on ecological mechanisms regulating marine distribution and production of anadromous populations, 
climate change impacts on salmonid populations and their ecosystems, retrospective analysis of key 
populations as indicators of conditions in North Pacific marine ecosystems, and implications of eco-
system models for management of salmon and steelhead. The goal of the symposium is to utilize the 
best available information on marine ecology of salmonid populations to explain and forecast annual 
variation in their production.
Topic Sessions (SP = NPAFC Science Plan 2011-2015, C = Research Component)

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

1a. Initial period of marine life  (SPC1)
1b. Winter period   (SPC3)
Session Conveners:  Marc Trudel (Canada) and Ju Kyoung Kim (Korea)
Keynote speaker:  TBA
Background: A common hypothesis is that the initial period after migration to the sea is the most 
critical phase with respect to ocean survival of anadromous populations. There is considerable 
inter-annual variation in abundance, growth, and survival rates of juvenile salmon in the ocean. 
These variations may be related to climate-induced changes in habitat environments that oper-
ate at regional and local scales. These processes are monitored annually in marine survey areas 
along the coasts of Asia and North America. 

The winter period is also identified as a critical phase defining the biomass of anadromous popu-
lations. The Western Subarctic Gyre and Gulf of Alaska ecosystems provide major wintering habi-
tats for various anadromous populations. Better information on the status and trends in production 
and condition of salmonids during the late fall to early spring period is needed for conservation 
and management of salmon resources. Knowledge of variation in the characteristics of winter 
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marine production in the Western Subarctic Gyre and Gulf of Alaska ecosystems is needed for 
conservation of salmonid resources in Asia and North America.
Key areas:
• Distribution and migration route/timing during initial marine life and winter periods
• Hydrological characteristics, primary production, and prey resources in ocean habitats
• Trophic linkages, growth rates, and predation rates
• Survival rate and survival mechanisms
• Ecological interactions between species and between population 

2. Climate change impacts on salmonid production and their marine ecosystems (SPC2)
2a. Bering Sea (BASIS)

2b. North Pacific Ocean and adjacent waters
Session Conveners: Ed Farley (USA) and Olga Temnykh (Russia)
Keynote Speaker: TBA
Background: Over the past several decades there have been significant variations in marine 
production of Asian and North American salmonid populations that are linked to climate change. 
There is a strong need for better information on the ecological mechanisms regulating production 
of anadromous populations and estimates of climate impacts on salmon populations in North Pa-
cific marine ecosystems. The effects of climate change and climate cycles on salmon and steel-
head production and ocean ecosystem function and structure are sought for this session concen-
trating on the Bering Sea (BASIS; Session 2a) and other areas of the North Pacific (Session 2b).
Key areas:
• Effects of climate change and climate cycles on anadromous populations, ecologically related 
species, and ocean ecosystems
• Key climatic and oceanographic factors affecting long-term changes in ocean food production 
and salmon growth rates
• Possible climate change impacts on ocean salmon habitats
• Climate change and climate cycles affects on carrying capacity

3. Retrospective analysis of key salmonid populations as indicators of marine ecosystem 
conditions (SPC4)

Session Conveners: Jim Irvine (Canada) and Toshihiko Saito (Japan)
Keynote Speaker: TBA
Background: Over the past several decades, there have been significant variations in the ma-
rine production of Asian and North American anadromous populations that are linked to climate 
change. Anadromous populations can function as an ecological indicator of marine ecosystems. 
Long term monitoring of salmon populations, salmon ocean habitats and their ecosystems can 
yield critical information for retrospective examination of long term changes in marine ocean habi-
tats. Time series information gathered on annual regional salmon production trends and biological 
and physical characteristics of salmon ocean habitat can provide the broad scale perspectives 
needed to examine the underpinnings of ocean salmonid production, biological characteristics, 
and marine ecosystem conditions.  
Key areas:
• Time series of salmonid population characteristics (abundance, age and body size at return, 
timing of return, fecundity, egg size, trophic condition, genetic diversity, disease and parasites) as 
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indicators of regional and basin-scale ecosystem conditions
• Retrospective analysis of salmon production and habitat environmental characteristics as a 
method of predicting changes and how abundances will respond to changing climate 
• Time series of regional salmonid production characteristics including wild and hatchery fish 
• Understanding the implications of habitat utilization by increasing numbers of Pacific Rim 
salmon populations

4. Application of stock identification and models for salmonid population management 
(SPC5)

4a. Stock identification development and applications for management
4b. Model development and applications for management
Session Conveners:  Jeff Guyon (USA) and Michio Kishi (Japan)
Keynote Speaker:  TBA
Background: Accurate stock identification methods such as genetic, otolith mark analyses, 
chemical, and morphological techniques have been used to monitor stock-specific ocean distribu-
tions and abundance. Applications of stock identification methods to improve information on deter-
mining where salmonids go in the ocean and when they are present are important. This informa-
tion is also a significant component of models used to incorporate ecosystem and environmental 
conditions, explore possible production scenarios, and may offer insights to management. 
Key areas:
• Recent developments to improve stock identification methods 
• Novel approaches incorporating stock identification techniques for management
• Developments in models offering potential for estimating abundance of specific salmonid 
populations and potential use in management

5. Forecasting salmonid production and linked ecosystems in a changing climate (SP 
theme)

Session Conveners:  Alexander Zavolokin (Russia) and Dick Beamish (Canada)
Keynote Speaker:  TBA
Background: Accurate forecasting of returning salmon abundances is of great importance to 
management and for anticipating future variations from a changing climate. Can we explain and 
forecast annual variation in salmonid production? If we are not there yet, what are the most impor-
tant studies that can lead to better forecasting? 
Key areas:
• Common mechanisms regulating salmonid production
• Successes in short-term and long-term forecasting of salmonid production
• Lessons learned from forecasting salmon production and future research directions

6. Symposium Wrap-up

Session Conveners: Shigehiko Urawa (Japan) and Nancy Davis (NPAFC)
Session convenors (Sessions 1-5) will review highlights from presentations (oral and poster) in 
their sessions, with a particular emphasis on information and approaches relevant to improving 
the ability to explain and forecast variation in Pacific salmonid production in changing climate 
conditions. 
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Role of Session Conveners
• Contribute to developing the program of their respective symposium topic sessions with OC 
members, including the session description; selection of an invited speaker with the approval of 
the OC; and selection of submitted abstracts and with the approval of the OC
• Lead the topic session at the symposium
• Make an oral presentation summarizing their session at the Symposium Wrap-up session
• Contribute to review the research components and theme of the 2011-2015 NPAFC Science 
Plan 
• Contribute to editing the symposium proceedings

Role of Keynote Speakers 
Travel for Keynote speakers (one each for session 1 to 5) will be covered by NPAFC.
• Expected to give a keynote presentation for their topic session
• Encouraged to submit a manuscript for Bulletin 6

Possible Symposium Co-sponsorship by Other Organizations
NPAFC Secretariat is requested to ask these organizations for co-sponsorship of the symposium:
• PICES
• Pacific Salmon Foundation
• North Pacific Research Board
• Japan Society for the Promotion of Science 

Proceedings of the Symposium
NPAFC Bulletin 6 (Manuscripts will be accepted after peer review from either oral or poster pre-
senters)
• Session Conveners act as the Lead Editor for papers submitted in their session, help to find 

reviewers, and adjudicate between reviewers, as necessary
• Session Conveners will produce a written summary of their session for the proceedings synop-

sis that is coordinated by the Session Convenor of the Wrap-up Session (i.e., written version 
of item 4 above).

• A consulting editor (maybe Natalie Moir, who worked on editing NPAFC Bulletin 4 & 5) will 
be hired for copy editing, etc. The consulting editor will check scientific references, citations, 
check page layout, typographical and spelling error, format and capitalization of various levels 
of headings, use of italics or other special effects, use of appropriate abbreviations, clarifica-
tion of positions and format of tables and figures and others, as necessary. The estimated 
time required to perform the work on each manuscript is 6 hours or less. The consulting editor 
is not hired to entirely re-write manuscripts. Authors are responsible for submission of manu-
scripts in clear English, so that peer reviewers can evaluate the paper. Copy editing will be 
done after papers have passed peer review. 
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Schedule
2013  

December  Start planning the symposium details by OC members and Secretariat
2014  

January  Release Preliminary Announcement of symposium (including date and place)
Spring Identify topic sessions, Conveners; create symposium plan, budget, draft Call for Pa-
pers, posterMay Finalize symposium plan and submit budget to F&A at 2014 Annual 
Meeting. 
June  Distribute Call for Papers to the public 
November 17  Deadline for abstract submission 
November- Selection of submitted papers (oral and poster) by OC and Conveners 
December  

2015  
January 13  Deadline for abstract notification to authors 
February 1  Release the symposium program 
May 17-19 Symposium in Kobe, Japan; manuscripts of papers due at the symposium 
July Start review of submitted manuscripts by peer reviewers

2016  
June  Finish editing accepted manuscripts by consulting editor 
July-September Printing and distribution of proceedings
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Appendix 8. NPAFC Funding Request 

NPAFC FUNDING REQUEST

This form is to be used by CSRS or ENFO when requesting funds from F&A

Date: April 24, 2014 

Project requests for NPAFC funds must fall within the mandate of Commission activities and highlight 
expected benefits, if funded.  These funds are not expected to subsidize or offset budgets for the 
normal operations of each Party.  Approved projects must improve understanding of the biology or 
promote the sustainability or protection of Pacific salmon.  Projects must be completed within specific 
timeframes and not be funded on an ongoing basis.  Approval requires a consensus of all Parties.   
              
  
Requesting Committee:  CSRS

Title of Request:    Cost of 2015 NPAFC Symposium in Kobe, Japan, and for edited, printed 
proceedings

Relevance to committee's Terms of Reference, Science Plan, etc.: 
At the 2013 Annual Meeting, the Commission accepted the recommendation by CSRS to hold a three-
day science symposium in conjunction with the 2015 Annual Meeting in Japan.  CSRS agreed it would 
propose a financial request for the symposium at the 2014 Annual Meeting (see NPAFC Doc. 1475 p. 
35 and Records of the Annual Meeting 2013). The proceedings of the symposium will be published 
as NPAFC Bulletin No. 6.  This fund request includes the cost of holding the symposium and editing, 
printing, and distribution of a hard-copy bulletin.

The symposium portion of this request is relevant to Convention Article VII paragraph 5 to “endeavor 
to cooperate in scientific exchanges such as seminars, workshops and, as appropriate, exchanges 
of scientific personnel necessary to achieve the objectives of this Convention” and relevant to CSRS 
Terms of Reference No. 8 for “coordinating scientific exchanges, seminars, workshops, field research, 
and data analyses”.  The publication portion of this request is relevant to CSRS Terms of Reference 
No. 9 to “review and approve reports submitted for publication and make recommendations regarding 
other reports to be published”.

The symposium title is “International Symposium on Pacific Salmon and Steelhead Production in a 
Changing Climate: Past, Present, and Future”.  The symposium will review the overarching theme 
of forecasting Pacific salmon production in ocean ecosystems under changing climate and the five 
research components identified in the NPAFC 2011-2015 Science Plan (Doc. 1255):  

• Migration and survival mechanisms of juvenile salmon in the ocean ecosystems
• Climate impacts on Pacific salmon production in the Bering Sea (BASIS project) and adjacent 
waters
• Winter survival of Pacific salmon in the North Pacific Ocean ecosystem
• Biological monitoring of key salmon populations
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• Development and applications of stock identification methods and models for management of 
Pacific salmon

Sponsoring the symposium and production of a peer-reviewed NPAFC Bulletin provides for rapid 
exchange of significant new research results and represents partial implementation of the NPAFC 
2011-2015 Science Plan.
 
Total amount requested (Canadian dollars):  
Breakdown       2014/15 FY 2015/16 FY 2016/17 FY

Symposium Operational Cost     
Meeting room rentals  $12,000
A/V     $  2,000
Poster boards   $  2,000
Coffee/ 2 receptions*  $20,000    
Supplies (booklet, handouts) $  3,000
     $39,000

Less: Registration: ($200*70)        (14,000)  $25,000
(*Main reception plus poster session evening)

Symposium Invited Speakers Travel Cost:   
5 invitees (1-Cdn, 1-Jpn, 1-Kor, 1-Russ, 1-US)   $15,000

Symposium Proceedings** (NPAFC Bulletin 6)
Editor’s travel to Symposium (Kobe, Japan)  $  4,000
Symposium Proceedings (Bulletin 6)
 Editing    $15,000
Symposium Proceedings (Bulletin 6)
 Printing    $13,000
 Mailing    $10,000                   $23,000

(**Cost, # of manuscript, copies are based on Bulletin 5) $44,000 $15,000 $23,000
                 Total:  $82,000

Date(s) of Expenditure
 Symposium:              May 17-19, 2015
 Editing Proceedings (Bull. 6)             July 2015–June 2016
 Printing/Mailing 
                   July/Sept 2016
Expected benefits to the Commission:
This symposium will review recent research on ecological mechanisms regulating marine distribution 
and production of anadromous populations, climate change impacts on salmonid populations, retro-
spective analysis of key populations as indicators of conditions in North Pacific marine ecosystems, 
and implications of ecosystem models for management of salmon and steelhead.  The goal of the 
symposium is to utilize the best available information on marine ecology of salmonid populations to 
explain and forecast annual variation in their production.  The symposium supports the Commission’s 
mission to promote the acquisition, analysis, and dissemination of scientific information pertaining to 
anadromous populations and ecologically-related species in the ocean.
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Supplementary Information (abstract, project organization, timeframe, etc):
Symposium topic sessions will focus on the research components and theme of the 2011-2015 Sci-
ence Plan.  For each of the five topic sessions, and invited speaker will give a keynote presentation.  
A peer-reviewed NPAFC Bulletin will be published on the results of the symposium.  The Symposium 
Organizing Committee is Shigehiko Urawa (Chairperson), Ed Farley, Jim Irvine, Ju Kyoung Kim, Alex 
Zavolokin, and Nancy Davis (Secretariat).

 ̇ Working Capital Funds  $       $82,000         
 ̇ SFSR Funds   $______________
 ̇ General Funds     $______________
 ̇ Others      $______________

To be completed by F&A:
If accepted, funds will be charged to: 

ü
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Appendix 9. NPAFC Funding Request 

This form is to be used by CSRS or ENFO when requesting funds from F&A

Date: May 15, 2014

Project requests for NPAFC funds must fall within the mandate of Commission activities and highlight 
expected benefits, if funded.  These funds are not expected to subsidize or offset budgets for the 
normal operations of each Party.  Approved projects must improve understanding of the biology or 
promote the sustainability or protection of Pacific salmon.  Projects must be completed within specific 
timeframes and not be funded on an ongoing basis.  Approval requires a consensus of all Parties.   

Requesting Committee:  CSRS

Title of Request:   International Year of the Salmon (IYS) 

Relevance to committee's Terms of Reference, Science Plan, etc. :

The IYS is a multi-year, interdisciplinary research initiative that improves the understanding of com-
mon mechanisms that regulate Pacific salmon production.  The initiative is directly relevant to the 
primary objective of the Convention to conserve anadromous populations in the Convention area.  
Knowledge generated by the intensive field, analytical and outreach components of the initiative will 
support more effective ENFO enforcement operations and improved forecasting and management of 
salmon fisheries.  The initiative supports all five of the current Science plan components.  

Total amount requested (Canadian dollars):   $20,000

Funding is required to convene a small group of interested parties in a combination of virtual and/or 
face-to-face meetings prior to the 2015 NPAFC Annual Meeting.  This could include outside experts 
who might further develop the IYS Concept for consideration and review by the Commission.  Pro-
posal developed by this group would address the following considerations:

1. Scope of the program (Pacific-Atlantic, farmed salmon and other ecosystem considerations, 
etc.)

2. Benefits of the program

3. Potential for funding and identification of partners (NGO’s Industry, State and Federal Agen-
cies, other RFMO’s, etc.) 

4. Communications and outreach strategy

5. Identification of field and analytical research (Strategic Research Plan)

The proposal would be reviewed virtually by CSRS and be presented to the NPAFC for further con-
sideration at the 2015 meeting.  Suggested timeline for start of implementation of the IYS program 
would be 2016 at the earliest.
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Date(s) of Expenditure:  Prior to NPAFC Annual Meeting in May 2015.

Expected benefits to the Commission:

The CSRS and the Commission have supported the concept of the IYS for several years.  Scoping is 
required to develop a detailed proposal that will allow the Commission to decide whether to proceed 
or not with the initiative.  If deemed appropriate the IYS could provide a powerful mechanism to sup-
port and lever additional funding from the expected investment of the parties used to implement the 
2016-20 Science Plan.

 ̇ Working Capital Funds  $       $20,000         
 ̇ SFSR Funds   $______________
 ̇ General Funds     $______________
 ̇ Others      $______________

To be completed by F&A:
If accepted, funds will be charged to: 

ü
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Appendix 10. NPAFC Funding Request 

This form is to be used by CSRS or ENFO when requesting funds from F&A

Date: April 23, 2014 

Project requests for NPAFC funds must fall within the mandate of Commission activities and highlight 
expected benefits, if funded.  These funds are not expected to subsidize or offset budgets for the 
normal operations of each Party.  Approved projects must improve understanding of the biology or 
promote the sustainability or protection of Pacific salmon.  Projects must be completed within specific 
timeframes and not be funded on an ongoing basis.  Approval requires a consensus of all Parties.   

Requesting Committee:   CSRS

Title of Request:   Travel Costs for a Salmon Expert to Participate at the PICES/NPAFC Workshop at 
the 2014 PICES Annual Meeting in Yeosu, Korea, October 2014. 

Relevance to committee’s Terms of Reference, Science Plan, etc.: 

This request is relevant to the CSRS Terms of Reference (number 8) to coordinate scientific exchang-
es, seminars, and workshops, field research, and data analyses; and (number 14) make recommen-
dations to the Commission on cooperation, as appropriate, with PICES and other relevant interna-
tional organizations to obtain the best available information, including scientific advice, to further the 
attainment of the objectives of the Convention.

This request is relevant to the NPAFC Science Plan as the plan recognizes a strong need for inter-
national cooperative research to provide better scientific information on the ecological mechanisms 
regulating production of anadromous populations, and to estimate climate impact on salmon popula-
tions in North Pacific marine ecosystems.  The title of the workshop “Linkages between the winter 
distribution of Pacific salmon and their marine ecosystems and how this might be altered with climate 
change,” pertains directly to NPAFC Science Plan Component 3: “Winter survival of Pacific salmon in 
North Pacific Ocean ecosystems”.

Total amount requested (Canadian dollars):   $4,000

 Breakdown:

  Airfare:    $2,200 (Seattle-Yeosu)

  Accommodation:  $   600

  Per diem:   $   800

  Gr. Transportation:  $   200

  Registration Fee:  $   200
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Date(s) of Expenditure:  Full day workshop tentatively scheduled for 17 October, 2014, in Yeosu, 
Korea, and includes travel days round trip from Seattle, WA, USA.

Expected benefits to the Commission:

 - enhanced collaboration between NPAFC and PICES

 - assembly and interpretation of information on winter marine distribution of salmon

 - improved understanding of broad seasonal movements (geographic and depth) of salmon, 
the physical conditions at these locations and times, and how the locations of these physical 
conditions might be expected to change in the future 

Supplementary Information (abstract, project organization, timeframe, etc):

The joint NPAFC PICES Study Group was established in 2013 to “develop a framework of en-
hanced collaboration between the two organizations to achieve better and/or more rapid under-
standing of natural and anthropogenic variability in marine ecosystems”. 

The Study Group met at the October 2013 PICES Annual Meeting in Nanaimo where agree-
ment was reached to sponsor a joint PICES/NPAFC workshop at the 2014 PICES Symposium 
in Yeosu, Korea, on where salmon go in the winter and why and how might this be affected by 
climate change.  At the 2013 NPAFC Annual Meeting in November, the Commission approved the 
co-organizing of this workshop with PICES with the understanding that if the CSRS were to make 
a request for funds pertaining to this workshop that the request would be made to F&A at the 2014 
NPAFC Annual Meeting.

PICES agreed to cover the costs of one invited speaker (oceanography expert, H. Ueno from Fac-
ulty of Fisheries Science, Hokkaido University).

This request is for NPAFC travel support to cover the costs of a salmon expert, K. Myers, retired 
from the University of Washington, Head of the High Seas Salmon Research Program, and a long-
time NPAFC scientist. 

K. Myers has been approached informally and expressed her willingness to assist NPAFC by par-
ticipating in the workshop, pending confirmation of her travel expenses being covered.   

K. Myers would assist and provide guidance with pre-workshop preparations, give a presentation 
at the workshop and assist in the analysis and interpretation of data presented at the workshop.

As described on the PICES website (W2: FIS Workshop) http://pices.int/meetings/annual/PIC-
ES-2014/2014-sci-program.aspx: “This workshop is intended to build on recommendations from a 
report prepared by the NPAFC/PICES Study Group in the spring of 2014.  The workshop will bring 
together researchers in fisheries and oceanography to improve understanding of the mechanistic 
linkages between salmon and their ecosystem.  Of the many topics of overlapping interest be-
tween the two organizations, it is envisaged that this workshop will focus on one question: Where 
do Pacific salmon go in the winter and why, and how might this be affected by climate change? 
Prior to the workshop, salmon researchers will assemble information on where chum and perhaps 

http://pices.int/meetings/annual/PICES-2014/2014-sci-program.aspx
http://pices.int/meetings/annual/PICES-2014/2014-sci-program.aspx
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pink and sockeye salmon are thought to live during the winter including depth, temperature and 
salinity.  Oceanographers and climate specialists will be provided these data prior to the workshop 
so that they can do preliminary work on the extent of the habitats suitable for salmon, both cur-
rently and subsequently based on various scenarios of climate change.”  

 ̇ Working Capital Funds  $       $4,000           
 ̇ SFSR Funds   $______________
 ̇ General Funds     $______________
 ̇ Others      $______________

To be completed by F&A:
If accepted, funds will be charged to: 

ü
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Appendix 11. NPAFC Internship Program 

NPAFC invites citizens from its member Parties (Canada, Japan, Rep. of Korea, Russian Federation 
and USA) to apply for the NPAFC Secretariat Internship Program.  The period of the internship is up 
to six (6) months. One intern per year will be accepted upon approval of the Commission.  The intern 
will work at the NPAFC Secretariat in Vancouver, Canada.
 
Objectives
To help early-career professionals gain experience and knowledge in operations of the Commission 
and provide an opportunity to test their interest in international governmental organizations, manage-
ment, fisheries, biology, ecology, and fisheries enforcement.  The NPAFC Secretariat benefits from 
increased capacity through the presence of an additional professional bringing his/her experience and 
knowledge.
 
Duties of the Intern
The intern works under the supervision of the Executive Director and/or his/her designates and may 
be given a wide variety of tasks:

• plan, develop, and complete an individual project in the communication, administrative, or 
clerical field in the Secretariat’s area of responsibilities;

• prepare information for and providing Secretarial support to special projects;
• assist organizing and editing various NPAFC publications;
• coordinate international cooperative programs;
• assist Secretariat activities; and
• assist with other work delegated by the Executive Director and/or his/her designates.
• Period of internship: Start on or about September 1, xxxx for a period up to a maximum of 6 

(six) months.

Deadline for application: March 1, xxxx

Qualifications of Candidates
Applicants must be a citizen of a NPAFC member-country, have a minimum of a university degree, 
the ability to read, write, and speak English, the ability to use computers and the internet, and demon-
strated personal initiative. 
Applicants must currently be a part of the government or academic sector, a recent graduate, or cur-
rently enrolled in school for an advanced degree.

Guidelines for Application and Selection Procedure
Applicants will apply to the NPAFC Secretariat following the procedure described on the NPAFC 
website. Applicants must describe their interests and qualifications in a cover letter, provide a resume 
delineating their academic and work experience, and submit three professional reference letters.

• Applications (including cover letter, resume, and three reference letters) must be received by 
the NPAFC Secretariat 60 days prior to the NPAFC Annual Meeting. 

• The NPAFC Executive Director will review applications and transmit his/her 
recommendation(s) to the NPAFC Points of Contact 30 days prior to the NPAFC Annual Meet-
ing.

• The Commission will announce the successful intern at the Annual Meeting.
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• The NPAFC Secretariat staff will contact the successful intern immediately after the Annual 
Meeting by email, or by phone, or by regular mail to make arrangements with the intern to as-
sume the internship. 

Financial Support
NPAFC will provide a stipend of CDN $2,000 per month.  Travel costs for the Intern to and from their 
place of residence and the location of the Secretariat will be at his/her own expense or by home 
country support.  Travel expenses associated with the Intern’s work in the Secretariat will be covered 
by NPAFC.  The Intern’s medical insurance and benefits are not covered by the NPAFC Internship 
Program (Contact the Secretariat for details).

How to Apply
Procedure for applying for the NPAFC Internship Program:

Submit the following to the Secretariat by email:

1) A cover letter describing applicant’s interests and qualifications, 
2) Resume showing academic and/or work experience
3) Three professional letters of reference

Deadline of submission: March 1, xxxx (date received by the Secretariat)
201x Annual Meeting Date: May xx-xx, xxxx
Starting date of the next Internship: on or about September 1, 20xx
Duration of internship: maximum of six months 
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Appendix 12. NPAFC Secretariat Staff’s Unused Vacation 
Leave Time
Carry-over of Unused Vacation Leave

-     Current NPAFC Staff Rule 29:  Use of Vacation Leave
Vacation leave is to be taken in the fiscal year in which it is earned.  In exceptional circumstances 
and with the prior approval of the Executive Director, earned but unused vacation leave may be 
carried over from one year to another.  Staff may not carry over more than five days leave credits 
without the written approval of the Executive Director.

-     Add:
Where, in any vacation year, an employee has not been granted all of the vacation leave credit to 
him or her, the unused portion of his or her vacation leave, to a maximum of 262.5 hours (35 days) 
of credits, shall be carried over into the following vacation year.

Liquidation of Vacation Leave

-     Current NPAFC Staff Rule 33: -Monetary compensation for Unused Leave
An employee may apply, upon separation, for monetary compensation for any unused vacation 
leave credits.  Such compensation will be paid at the rate of the employee’s salary at the time of 
separation.

-     Add:
Cap the maximum hours of carry-over to 262.5 hrs per person.  For the year of separation, the 
maximum liability would be 262.5 hrs plus the leave accrued in the year of separation.

At the end of each calendar year, allow for a maximum of 262.5 hrs carry-over.  If there is any 
employee who has excess over the 262.5hrs, the balance will be paid out at the end of the fiscal 
year, and

At the Annual Meeting, the Commission will authorize one time payout for the amount in excess of 
262.5 hrs.

Auditor’s Report
 

Include the total amount of possible liability of unused vacation time of all employees as a note in 
the Auditor’s Report.
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Appendix 13. News Release “International cooperation, 
transparency, and increased public awareness key to 
confronting IUU fishing and seafood fraud” 
Seattle, Washington, (August 20, 2014)–The U.S. Presidential Task Force on IUU (illegal, unreported 
and unregulated) fishing and seafood fraud met in a public meeting in Seattle, Washington, on August 
20, 2014, where several organizations, including the North Pacific Anadromous Fish Commission 
(NPAFC) presented their ideas for confronting these challenges.   

The NPAFC, which has a 22-year record of international cooperation in successfully reducing illegal 
fishing on the high seas of the North Pacific, “demonstrates how beneficial international cooperation 
can be in deterring IUU fishing, and how collaboration in the frame of a regional fisheries management 
organization allows for involvement of non-member states or entities in enforcement and preventive 
activities,” said Vladimir Radchenko, Executive Director of the organization.

Radchenko also testified that “internationally agreed instruments of law related to international trade 
can be useful to deter IUU fishing”.  In addition, he pointed out that “efforts to deter IUU fishing are 
frustrated by a lack of transparency in major seafood markets,” and that “raising awareness and edu-
cating the general public is very important for success in combating IUU fishing”.

Valuable input and expertise from key stakeholders and interest groups notably advanced the activi-
ties of the Task Force.  Other spokespersons supported the President’s initiative including ideas for 
providing economic opportunity for legitimate fishermen, supporting profitability for legally caught 
seafood, stopping illegal trafficking operations, and ensuring seafood is legally caught.  

Other speakers emphasized the value of having a single definition of IUU fishing and to use it con-
sistently, including in international agreements.  Regional fisheries management organizations re-
sponsible for areas where IUU fishing is prevalent are important in determining the approaches and 
resources necessary to enhance fisheries enforcement and management infrastructure.  

With the main objective of promoting the conservation of anadromous stocks in the North Pacific 
Ocean, the NPAFC undertakes continuing and increasing efforts to eliminate fishing for salmon and 
steelhead in the North Pacific outside of national waters.  More than four million square kilometers of 
the North Pacific Ocean are monitored by NPAFC member countries each year.  In 2013, 109 days of 
surface asset deployments, 493 hours of aerial patrols, and satellite surveillance efforts were coordi-
nated among Canada, Japan, Republic of Korea, Russia, and the United States.  

Persistence of IUU fishing in the high seas remains one of the biggest challenges for anadromous 
stock conservation.  To face this challenge, NPAFC strives to strengthen relationships with other or-
ganizations by facilitating the exchange of experiences and ideas such that enforcement plans reflect 
the requirements of long-term global perspectives.  

On June 17, 2014, the U.S. President Obama released a Presidential Memorandum entitled “Estab-
lishing a Comprehensive Framework to Combat Illegal, Unreported and Unregulated Fishing and Sea-
food Fraud”.  The Memorandum expressed deep concern over the threat that IUU-fishing continues 
to pose to economic and environmental sustainability of fisheries and fish stocks, both in the United 
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States and around the world.  It established a Presidential Task Force, co-chaired by the U.S. Depart-
ments of State and Commerce and made up of a broad range of other U.S. federal agencies.  

Over the next several weeks, a comprehensive report to the U.S. President will be prepared that sum-
marizes recommendations for implementation of a comprehensive framework to combat IUU fishing 
and seafood fraud.

The full text of the NPAFC statements and other comments are available at Regulations.gov
 (http://www.regulations.gov/#!docketDetail;D=NOAA-NMFS-2014-0090).  

  

United States Coast Guard and China Coast Guard vessels rendezvous and transfer custody of the 
Yin Yuan, a fishing vessel sighted in international waters of the North Pacific and suspected of serious 
fisheries violations, including high seas driftnetting.  The vessel was detected by a Canadian patrol 
aircraft operating from a base in Japan with Canadian and Japanese fisheries enforcement officials 
aboard the flight.  Photo credits: United States Coast Guard.

 

http://www.regulations.gov/#!docketDetail;D=NOAA-NMFS-2014-0090
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Appendix 14. News Release “North Pacific Anadromous Fish 
Commission holds 22nd Annual Meeting” 
Portland, Oregon, USA (May 16, 2014)–The 22nd Annual Meeting of the North Pacific Anadromous 
Fish Commission (NPAFC) was held from May 12 to 16, 2014, in Portland, Oregon, USA.  The 
NPAFC is an international organization that promotes the conservation of Pacific salmon and steel-
head in the North Pacific and its adjacent seas, and serves as a venue for cooperation in and coor-
dination of scientific research and enforcement activities. The vast majority of salmon catches in the 
North Pacific originate from NPAFC member countries, which are Canada, Japan, the Republic of 
Korea, the Russian Federation, and the United States.  At the Commission’s Annual Meeting, Plenary 
Sessions and the Commission’s three standing committees, Enforcement, Scientific Research and 
Statistics, and Finance and Administration, were convened. 

Commission members continued their successful enforcement collaboration on the high seas to 
eliminate illegal salmon fishing in the international waters of the North Pacific.  Representatives from 
fisheries enforcement agencies of NPAFC member countries discussed and planned detailed coordi-
nation and sharing of information aimed at increasing effectiveness and efficiency in patrols.  Patrol 
and surveillance efforts in 2013 showed there were no vessels observed or apprehended for illegal 
salmon fishing in the NPAFC Convention Area—a testament to the effectiveness of the Commission’s 
cooperative model of enforcement.  

During the Commission’s meeting, leading salmon researchers from member countries reviewed new 
scientific studies of Pacific salmon and steelhead in international waters and areas adjacent to it.  
Salmon research survey plans for the Gulf of Alaska, Bering Sea, Northwest Pacific and Okhotsk Sea 
were presented and research plans were coordinated among the member countries.  

The Commission presented Dr. Katherine Myers, University of Washington (retired), with the 2014 
NPAFC Award in recognition of her leadership and sustained contribution to the knowledge and con-
servation of Pacific salmon and steelhead in the North Pacific.

To encourage the return of high-seas salmon and steelhead tags to the NPAFC, the Commission held 
a tag drawing for those members of the public who returned tags.  A total of seven entries were sub-
mitted from Japan, Russia, and the United States.  First prize of C$500 went to a winner Chris Bour-
geois, USA.  Second prize of C$300 went to Alexsy Taibulatov, Russia and the third prize of C$200 
was awarded to a winner Kazuo Hasegawa, Japan. 

At the meeting, outgoing officers including President Vladimir Belyaev (Russia), Vice-President Ju-
nichiro Okamoto (Japan), and committee chairpersons, Gary Smith (USA), Jeongseok Park (Korea), 
and Mark Saunders (Canada) were thanked for their dedicated service to NPAFC.  

NPAFC welcomed the incoming officers for two-year terms:  President Junichiro Okamoto (Japan), 
Vice-President Robin Brown (Canada), and committee chairpersons, Jeongseok Park (Korea), Alexey 
Monakhov (Russia), and Loh-Lee Low (USA). 
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Appendix 15. News Release “North Pacific nations 
collaborate to curb IUU salmon fishing on the High Seas” 
Portland, Oregon, USA (May 16, 2014)–Fisheries enforcement agencies of the North Pacific Anad-
romous Fish Commission (NPAFC) member countries (Canada, Japan, Korea, Russia, and United 
States) reviewed collaborative monitoring and surveillance programs at the Commission’s Annual 
Meeting.  

An outcome of the continued strong commitment by NPAFC member countries to such enforcement 
efforts is that no vessel was observed or apprehended for illegal salmon fishing in the NPAFC Con-
vention Area in 2013.  This overall reduction in sightings of vessels engaged in illegal fishing activity 
in the North Pacific testifies to the effectiveness of the Commission’s cooperative model of enforce-
ment.  

The NPAFC provides member countries a unique forum for collaboration in curbing illegal, unreport-
ed, and unregulated (IUU) salmon fishing in international waters of the North Pacific.  

To accomplish this task, enforcement agencies of NPAFC member countries use a variety of ap-
proaches, such as obtaining surveillance information from ship patrols, aerial patrols, and satellite, 
and then sharing that data in an effective and highly collaborative way so as to maximize cross-plat-
form information gathering and joint support operations.  The provision of this real-time information to 
ships ensures timely inspections when suspicious activity is observed.

The combined monitoring activities in 2013 by NPAFC-related enforcement agencies included over 
120 ship patrol days, more than 498 aerial patrol hours, and satellite support.  Members collaborated 
through joint ship patrols, participation of personnel in the air and ship patrols of other member coun-
tries and regular conference calls.  

Continued vigilance is crucial to the ongoing curtailment of the large-scale high seas driftnet threat 
and is a requirement for sustainable fisheries management and conservation of salmon in the North 
Pacific.  Numerous patrolling and high level collaborative efforts among enforcement agencies are 
planned for 2014.  

This year for the first time in its 21-year history, the NPAFC enforcement committee convened a joint 
session with the Commission’s scientific committee.  Together they explored ways to incorporate sci-
entific data into the enforcement planning process to further increase enforcement effectiveness.  
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Appendix 16. News Release “International scientists discuss 
High Seas Pacific salmon issues” 
Portland, Oregon, USA (May 16, 2014)–International scientific experts of the North Pacific Anadro-
mous Fish Commission (NPAFC) member countries (Canada, Japan, Korea, Russia, and United 
States) have completed a five day meeting in Portland Oregon to review current information related to 
salmon abundance and biology at the Commission’s 22nd Annual Meeting.  

The NPAFC Annual Meeting is the forum for salmon scientists from NPAFC member countries to 
plan, review, and coordinate exchanges of scientific data and samples, and to assess scientific stud-
ies of Pacific salmon and steelhead in international waters and areas adjacent to it.  At the meeting, 
scientists discussed their national research plans and salmon research survey plans in the Gulf of 
Alaska, Bering Sea, Northwest Pacific and Okhotsk Sea.  They presented salmon catch and hatch-
ery statistics, coordinated salmon marking and tagging plans, and reviewed and updated personnel, 
sample, and data exchanges. 

Several studies were presented characterizing salmon oceanic habitat in relation to salmon distribu-
tion and abundance.  A pilot study of high seas pink and sockeye salmon distributions suggested 
salmon oceanic habitat cannot be ascertained solely based on sea surface temperature data.  An-
other study indicated, pink salmon spatial distribution was affected by oceanographic characteristics, 
intensity of currents, and fluctuations of pink salmon abundance.  A novel approach using coded-wire 
tag data estimated the numbers of hatchery-origin coho and Chinook salmon in commercial salmon 
catches and escapements.

Based on genetic analysis, juvenile sockeye salmon caught in the international waters of the central 
Bering Sea during summer were found to be primarily from Bristol Bay, with smaller contributions from 
Russian and Canadian rivers.  

Juvenile chum salmon caught in the eastern Bering Sea in late-summer/fall originated from coastal 
western Alaska, and most juvenile chum salmon caught in the Chukchi Sea originated in Kotzebue 
Sound.  Juvenile Chinook salmon caught in the eastern Bering Sea originated in coastal western 
Alaska and the Yukon River.  

The NPAFC is planning two upcoming events that will be of interest to researchers and others con-
cerned with the effects of climate change on distribution and production of Pacific salmon.  Both of 
these events are open to the public (with registration fee).  

A one-day workshop on linkages between the winter distribution of Pacific salmon and their marine 
ecosystems and how this might be altered with climate change will be jointly convened by NPAFC 
and PICES (North Pacific Marine Science Organization).  This workshop will be held on October 17, 
2014, at the PICES 2014 Annual Meeting in Yeosu, Korea.

The NPAFC will also host a three-day international symposium on “Pacific Salmon and Steelhead 
Production in a Changing Climate: the Past, Present and Future,” May 17-19, 2015, in Kobe, Japan.  
The goal of this symposium is to utilize the best available information on marine ecology of salmon 
and steelhead populations to explain and forecast annual variation in their production.  Researchers 
will review recent research on ecological mechanisms regulating marine distribution and production, 
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climate change impacts on populations and their ecosystems, retrospective analysis of key popula-
tions as indicators of conditions in North Pacific marine ecosystems, and implications of ecosystem 
models for management of salmon and steelhead. 
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Appendix 17. News Release “2013 North Pacific salmon 
catch is second highest in history”
`Portland, Oregon, USA (May 16, 2014)–The North Pacific Anadromous Fish Commission (NPAFC) 
announced the North Pacific-wide total catch of salmon reported by NPAFC member countries to 
be 1.11 million metric tonnes (586 million fish) in 2013.  This is the second highest on record (post-
1925) and was exceeded only the catch in 2009, when 1.14 million metric tonnes were caught.  In 
both 2009 and 2013, over 50% of the catch (by weight) was pink salmon.  The vast majority of Pacific 
salmon originate in these five countries.

The 2013 species composition (by weight) of the North Pacific-wide catch was 53% pink, 31% chum, 
12% sockeye, 3% coho and less than 1% for each of Chinook and cherry salmon and steelhead trout. 

The member nations’ portions of the total catch included 46% by the United States (509.2 thousand 
tonnes; Alaska—483.4 thousand tonnes), 37% by Russia (405.9 thousand tonnes), 15% by Japan 
(164.5 thousand tonnes), 2% by Canada (27.8 thousand tonnes), and less than 1% by Korea (219 
tonnes).

The North Pacific-wide catch of sockeye salmon was of 133.2 thousand metric tonnes in 2013, mostly 
in Alaska (61% of the total by weight) and Russia (38% of the total).  This is approximately 7% less 
than the total sockeye catch in 2012.

Even as the northern North Pacific Ocean continues to produce large quantities of Pacific salmon, 
abundance patterns vary among species, often from year-to-year. Currently, pink and chum salmon 
are very abundant. Coho and Chinook salmon are less abundant than they were previously, while 
sockeye salmon abundance is highly variable among regions from year-to-year.

The total quantity of hatchery fish released from NPAFC member countries in 2013 was 5.0 billion 
fish, a number that has remained stable since 1993.  In 2013, hatcheries released 1,881 million fish 
(38%) in the United States, 1,729 million (35%) in Japan, 1,039 million (21%) in Russia, 293 million 
(6%) in Canada, and 10 million (< 1%) in Korea.  Hatchery releases comprised mostly chum (3,112 
million, 63%) and pink salmon (1,254 million, 25%), followed by Chinook (240 million, 5%), sockeye 
(231 million, 5%), and coho salmon (80 million, 2%), steelhead trout (21 million, less than 1%), and 
cherry salmon (12 million, less than 1%).
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Table1.  Preliminary 2013 commercial salmon catches in Canada, Japan, Korea, Russia, and 
the United States.  Commercial catches by foreign fleets in the Russian EEZ are not included.  Japa-
nese catch data are based on Fisheries Research Agency data sources, not official statistics.  Com-
mercial catch weight for Alaska is based on landed weight (Alaska Department of Fish and Game).

(a) Preliminary 2013 commercial catch in millions of fish.
Sockeye Pink Chum Coho Chinook Cherry Steelhead Total

Canada 0.260 12.200 1.410 0.456 0.123 - - 14.448

Japan 0.001 4.849 47.474 0.001 0.001 - - 52.326

Korea - - 0.097 - - - - 0.097

Russia 19.678 169.071 34.410 3.330 0.078 0.007 - 226.573

USA 29.618 232.154 23.019 6.317 1.433 - 0.039 292.578

Alaska 29.578 226.296 21.275 5.791 0.330 - - 283.251
WOC 0.040 5.858 1.744 0.526 1.103 - 0.039 9.310

Total 49.557 418.273 106.408 10.103 1.634 0.007 0.039 586.023

WOC:  Washington, Oregon, and California

(b) Preliminary 2013 commercial catch in metric tons (round weight).
Sockeye Pink Chum Coho Chinook Cherry Steelhead Total

Canada 621 18,565 6,415 1,515 666 - - 27,782

Japan 3 7,310 155,841 3 9 1,292 - 164,458

Korea - - 219 - - - - 219

Russia 50,940 241,421 103,148 9,853 513 10 - 405,884

USA 81,644 321,147 79,637 18,422 8,187 - 155 509,192

Alaska 81,533 310,241 72,937 16,829 1,884 - - 483,424
WOC 111 10,906 6,700 1,593 6,303 - 155 25,768

Total 133,208 588,443 345,260 29,793 9,374 1,302 155 1,107,535

WOC:  Washington, Oregon, and California

Table 2. Preliminary 2013 hatchery releases in NPAFC member countries in millions of fish.
 Sockeye Pink Chum Coho Chinook Cherry Steelhead Total

Canada 135.600 13.826 94.092 10.700 39.154 - 0.103 293.475

Japan 0.192 101.622 1,614.781 - - 11.926 - 1,728.521

Korea - - 9.71 - - - - 9.710

Russia 13.432 341.656 678.666 4.046 0.910 0.349 - 1,039.059

USA 82.174 797.089 714.908 65.644 200.293 - 20.983 1,881.090

Alaska 57.319 797.089 668.681 29.818 9.012 - - 1,561.918
WOCI 24.855 - 46.227 35.826 191.281 - 20.983 319.172

Total 231.397 1,254.192 3,112.158 80.390 240.357 12.275 21.086 4,951.855

WOCI: Washington, Oregon, California, and Idaho
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Figure 1.  North Pacific commercial catch (thousands of metric tonnes) of Pacific salmon by species 
from 1925 to 2013 (2013 catches are preliminary).
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Figure 2.  Asian commercial catch (thousands of metric tonnes) of Pacific salmon by species from 
1925 to 2013 (2013 catches are preliminary).



194

aPPeNdices

0

500

1,000

1,500

2,000

2,500

1971 1976 1981 1986 1991 1996 2001 2006 2011

M
illi

on
s  

of
  f

ish

Korea Canada US Pacific Northwest Russia US Alaska Japan 

0

200

400

600

800

1925 1930 1935 1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

Th
ou

sa
nd

s  
of

 m
et

ric
  t

on
ne

s

North American commercial salmon catch

Chinook Coho Sockeye Chum Pink

Figure 3.  North American commercial catch (thousands of metric tonnes) of Pacific salmon by species 
from 1925to 2013 (2013 catches are preliminary).

Figure 4.  Annual North Pacific hatchery releases (millions of fish) of Pacific salmon by member coun-
tries from 1971 to 2013.
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Appendix 18. News Release “NPAFC presents International 
award for salmon and steelhead conservation to Dr. 
Katherine Myers” 
Portland, Oregon, USA (May 16, 2014)–Dr. Katherine Myers, retired scientist from University of Wash-
ington was presented with the 2014 North Pacific Anadromous Fish Commission (NPAFC) Award at 
the Commission’s 22nd Annual Meeting.  

“I want to thank the Commission and those who nominated and recommended me for this award,” 
Myers said.  “I feel privileged to have been a small part of the Commission’s work since the outset 
(in 1993) and to have worked closely with so many great people, past and present, committed to the 
Commission’s international cooperative efforts to conserve Pacific salmon and steelhead.  I think the 
NPAFC Award is really about all of our collective and cooperative efforts, and I am deeply honored to 
be the 2014 recipient”.

Myers said the most important and challenging task ahead for the Commission is “finding a way for 
salmon-producing nations to cooperatively address the effects of human activities, such as industrial 
fishing, climate change, ocean acidification, hatcheries, and marine pollution, on salmon and steel-
head migrating in international waters”.

“NPAFC provides the necessary framework for international cooperation to address these issues,” 
Myers said.  “Nevertheless the changing foci and needs of national fishery research and management 
programs and increasing costs have resulted in the loss of long-term field-based scientific research 
programs investigating salmon and steelhead migrating in international waters”.

Dr. Katherine W. Myers (University of Washington, re-
tired) is the recipient of the 2014 NPAFC Award.
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“Scientists participating in the NPAFC forum, myself included, need to do better at communicating 
with resource managers, policy makers, and the public about the importance of establishing and 
maintaining a long-term field-based international cooperative research and monitoring program for 
salmon and steelhead migrating in NPAFC Convention waters,” Myers said.

Dr. Myers is internationally recognized for her long-term leadership in scientific research and con-
servation through her extensive body of published work on Pacific salmon and steelhead, and for 
her commitment to fostering international cooperation among NPAFC researchers.  Her scientific 
specialties include salmon and steelhead ocean distribution and migration patterns, age and growth 
research, and marine food habits studies of salmon.  In addition, her service to the field of salmon 
science includes substantial contributions to studies of Prince William Sound pink salmon and her 
continuing scientific advisory work on Columbia River and Yukon River salmon.  

Established in 2011, the NPAFC Award is given to recognize an individual or group whose sustained 
and significant contributions in scientific research, enforcement, international cooperation, or manage-
ment have helped improve the conservation of anadromous salmon and steelhead stocks in the North 
Pacific Ocean.
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North Pacific, 2014 
 
Abstract: Two Japanese research vessels are scheduled to conduct high-seas salmon surveys.  
The FRA research vessel Hokko maru will carry out a summer monitoring survey for salmon 
and their habitat in the central Bering Sea.  The Hokkaido University research vessel Oshoro 
maru will accomplish a salmon research in the western North Pacific in middle May 2014. 
 
 
According to the national research plan (Doc. 1311), two Japanese research vessels are 
scheduled to conduct the following scientific research in the North Pacific Ocean and 
Bering Sea in 2014 (Table 1).  
 
(1)  The Hokko maru will carry out salmon research with a surface/midwater trawl and 
hook-and-line to obtain information on the distribution, abundance, and other biological 
characteristic of Pacific salmon in the Bering Sea from late July to early August (Fig. 1). 
(2)  The Oshoro maru will carry out salmon research with gillnets, longline, and hook-
and-line to obtain data on the distribution and ecology of salmon and other pelagic 
fishes in the western North Pacific in May (Fig. 2).  In case of gillnet operation, 
gillnets less than 2.5 km in length at sea will be used. 
 
Table 1. Proposed cruise plan of Japanese research vessels for salmon in the North Pacific in 2014 

Vessel Period Survey area Research objects Gear equipped 
Hokko maru July 23 - August 

15 
 

Bering Sea Salmon 
abundance and 
distribution 

Surface/midwater 
trawl, hook-and-line 

Oshoro maru May 8 - May 19 Western North Pacific Fish community Gillnets, longline, 
hook-and-line, jigging 
 

 

 



2 

Reference 
 
Fisheries Agency of Japan. 2011. Japanese salmon research under the NPAFC Science Plan 
2011-2015. NPAFC Doc. 1311. 3 pp. (Available at www.npafc.org). 
 
 
 
 

 

 
 
Fig. 1. A map showing 17 sampling stations in the Bering Sea by the R/V Hokko maru, 
July 23 (Kushiro) – August 15 (Kushiro), 2014. 
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Fig. 2. Research area of the R/V Oshoro maru in the western North Pacific Ocean, May 
8 (Hakodate) – May 19 (Hakodate), 2014. 
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Appendix Table. List of Salmon Research Vessels Scheduled for 2014 by Japanese Party. 
Party Vessel's 

name 
Call 
sign 

Gear equipped Other avilable information 

FRA 
Hokkaido 
National 
Fisheries 
Research 
Institute 

Hokko maru JEBB Trawl, hook-
and-line 

INMARSAT telephone: +872-7634-
443-93, Length: 64.73 m, Gross 
tonnage: 902 

Hokkaido 
University 

Oshoro maru JDVA Gillnet, 
longline, hook-

and-line 

INMARSAT telephone: +872-3431-
025-10, Length: 72.85 m, Gross 
tonnage: 1,779 
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Revision of data on pink salmon abundance in East Sakhalin and Kuril Islands 
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Keywords:  Sakhalin-Kuril pink salmon catches, 1985-2013 

 

Abstract 

Pink salmon reproduction parameters vary substantially in different regions of East Sakhalin 

coast, North and South Kuril Islands. Trends in population dynamics differ as well. On this evidence 

we carry out a revision of data on pink salmon abundance (catches) in East Sakhalin coast and Kuril 

Islands. The data were represented separately on northwest coast, north and south parts of east coast 

of Sakhalin Island, as well as on north and south Kuril Islands. 

 

Introduction 

Pink salmon catches in the Sakhalin-Kuril region amount to a half of pink salmon catches in 

the Far East of Russia. The largest catches were in the east coast of Sakhalin (70.4 % on the 

average) and the South Kuril Islands (26.8 % on the average). The rest of catches (2.8 %) of pink 

salmon fell to the west coast of Sakhalin and the North Kuril Islands (there is no fishery in the 

middle part of Kuril Islands ridge). Until recently there was no salmon fishery in the north Kuril 

Islands. That is why in statistical reports not "the South Kuriles" but "the Kuriles" were written 

being only the South Kuril Islands – Iturup and Kunashir. Subsequently "the Kuriles" were written 

although salmon catch in the North Kuriles rose gradually. The northwest coast of Sakhalin Island 

was included in the East Sakhalin (Sakhalin coast) because as the East coast itself it is washed by 

the Sea of Okhotsk. However different groups of pink salmon run to these extremely lengthy areas. 

It should be noted also that abundance calculation of pink salmon caught was carried out by division 

of the catch biomass by the mean individual mass. The latest was determined monthly at the best, 

but more often the mean individual mass per season was used. At the same time different seasonal 

(temporal) forms of pink salmon (early and late) run to the coast. At that spawners of the late form 

are usually larger than early pink salmon individuals (Kaev 2012a).  
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Thus depending on the ratio of individuals of different seasonal forms in overall sample per fishing 

season the mean mass calculated and consequently the run abundance calculated could be both over- 

and underestimated. 

Use of the mean value of fish density in spawning sites caused essential uncertainties in the 

calculation of pink salmon run abundance in rivers because the list of rivers investigated vary 

substantially in different years. Meanwhile the rivers had different reproduction significance. That is 

why in 2000-th we attempted to unify calculation methods  

of pink salmon abundance and biological 

features of fishes of different generations. For 

this purpose the source data covering last 20–25 

years were analyzed. First of all the unification 

of the data was conducted for south part of East 

Sakhalin (Kaev et al. 2004), Kunashir Island 

(Kaev Romasenko 2003), and Iturup Island 

(Kaev et al. 2006). In this paper supplemented 

data on pink salmon abundance in this regions 

are represented as well as data from other pink 

salmon reproduction regions in East Sakhalin 

and the Kuril Islands (Fig. 1). 

 

 

 

Materials and methods 

Biomass of pink salmon catch over five-day periods in different areas was assessed on the 

base of statistical data of Pacific salmon catch controlling organizations. By the results of biological 

analysis of fishes from commercial pound net catches in seashore and research throw nets catches in 

estuaries the mean mass of fishes in collected samples was determined. In the North Kuril Islands 

samples from commercial drift nets catches in coast seawaters were used for the mean mass 

determination. As the periodicity of sample collection was unequal the mean mass of fishes in the 

middle of each five-day period was calculated using moving average method (Fig. 2). Number of 

pink salmon caught over five-day periods was estimated by the division of the catch biomass by the 

mean sample mass. 

 

 
Fig.1. Sakhalin and Kuril islands:   
1– North-eastern Sakhalin, 2– Terpeniya Bay,  
3– South-eastern  Sakhalin, 4– Aniva Bay,  
5– North-western Sakhalin 
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Fig. 2. Average daily catches (1), actual (2) and estimated (3) values of mean mass of pink salmon near the 

north coast of Terpeniya Bay in 2011. 
 

Number of spawners in spawning sites was determined visually by foot rounds of the rivers 

in maximal pink salmon concentration period. At that all the rivers were divided into three groups. 

First group is the rivers inspected regularly, second group is the rivers inspected occasionally, and 

third group is the rivers where examinations weren't conducted. Calculated density of fish 

concentration (ratio of counted number of fishes in a river to spawning sites area) was accepted as 

actual in the first group rivers. For the rivers from second group density of fish concentration was 

calculated as the mean value between the value observed in the river and the value determined for 

the first group rivers. Afterwards sum results of observations in the rivers of the first and the second 

groups were extrapolated on the rivers from the third group. 

In northwest Sakhalin rivers spawning sites area prospected is 1244 thousands of m2. In 

2007–2013 regular inspections were conducted only in Langry River (242 thousands of m2 of 

spawning sites), episodic inspections were conducted in 5 rivers more (in different years from 346 to 

357 thousands of m2 in average 200 thousands of m2 of spawning sites including years without 

episodic inspections). 

In northeast Sakhalin rivers spawning sites area prospected is 6022 thousands of m2. In 

1985–2013 regular inspections were conducted in Dagi River, Bogataya River, and Melkaya River 

(790 thousands of m2 of spawning sites). The list of episodic inspected rivers consists of 29 

designations (from 1 to 21 rivers in different years) resulting in data on pink salmon runs in the 

rivers with the sum area of spawning sites from 129 to 3306 thousands of m2, 1531 thousands of m2 

in average. 
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In the rivers of Terpeniya Bay spawning sites area prospected was 7532 thousands of m2. In 

2003-2013 regular inspections were conducted in Pugachevka River, Nituy River, Lesnaya River, 

Lasovaya River, Makarova River, and in tributaries of the biggest river in Sakhalin – Poronay River: 

Kholodny Spring, Beresovy Spring, Yuzhnaya Khandasa River, Zhytnica River, Orlovka River, and 

Elnya River (1860 thousands of m2 of spawning sites). The list of episodic inspected rivers consists 

of 18 designations. In different years from 2 to 14 rivers were examined with the sum area of 

spawning sites from 74 to 2737 thousands of m2, 1353 thousands of m2 in average. 

In the rivers of southeast Sakhalin coast spawning sites area prospected was 1494 thousands 

of m2. In 1985–2013 regular inspections were conducted in Dudinka River, Firsovka River, Bahura 

River, and Zhukovka River (262 thousands of m2 of spawning sites). The list of episodic inspected 

rivers consists of 11 designations (from 4 to 11 rivers in different years) with the sum area of 

spawning sites from 113 to 807 thousands of m2, 515 thousands of m2 in average. 

In the rivers of Aniva Bay spawning sites area prospected is 1671 thousands of m2. In 1985–

2013 regular inspections were conducted in Naycha River, Kura River, Ulyanovka River, Tambovka 

River, Uryum River, Taranay River, Bystraya River (a tributary of Lutoga River), Ostrovka River, 

and Igrivaya River (850 thousands of m2 of spawning sites). The list of episodic inspected rivers 

consists of 12 designations (from 1 to 13 rivers in different years) with the sum area of spawning 

sites from 13 to 95 thousands of m2, 29 thousands of m2 in average. 

In the rivers of Kunashir Island spawning sites area prospected is 266 thousands of m2. In 

1990–2013 regular inspections were conducted only in Ilyushina River (21 thousands of m2 of 

spawning sites). The list of episodic inspected rivers consists of 20 designations (from 1 to 12 rivers 

in different years) with the sum area of spawning sites from 27 to 121 thousands of m2, 77 thousands 

of m2 in average (including years without episodic inspections). Pink salmon run into the rivers of 

the Island in 1985–1989 was assessed on the base of expert assessment on the assumption of catch 

and run correlation in subsequent years(r = 0.90, n = 22). 

Commercial pink salmon stock in Iturup Island is provided by pink salmon reproduction in 

the rivers of the Sea of Okhotsk coast. The spawning sites area prospected was 600 thousands of m2. 

For calculation of the total run in the rivers data of annual spawners count in Kuybyshevka River, 

Rybatskaya River, Kurilka River, Olya River, Reidovaya River, Skal'niy River, Chistaya River, and 

Slavnaya River (503 thousands of m2 of spawning sites) were used. As a rule (with the exception of 

the last several years) Saratovka River and Osennyaya River (21 thousands of m2 of spawning sites) 

were examined. 
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Urup Island allocated northeast of Iturup Island is explored insufficiently. The spawning sites 

area prospected was 241 thousands of m2. Spawning density in Urup Island water bodies varies in 

wide range from 0.1 to 3 specimen/m2 (Water biol. resources… 2000). But regular fishery in Urup 

Island is absent. Only twice in 2000 and 2001 experimental fishery by pound nets was conducted in 

the Sea of Okhotsk site of the island. 

In Paramushir Island (the North Kuril Islands) intensive pink salmon reproduction occurs in 

42 Rivers. Part of the rivers falls into the Sea of Okhotsk, the other part – into the Pacific Ocean. 

Regular inspections of spawning sites were conducted in fore rivers of the Sea of Okhotsk coast – 

Shelekhovka River, Kohmayuri River, Chayka River, and Savushkina River (35,5 thousands of m2 

of spawning sites). The area of rivers of the Pacific Ocean coast (Okeanskaya River, Tuharka River, 

Utesnaya River, Srednyaya River, and Perevalnaya River) was 103,5 thousands of m2 (Lepskaya et 

al. 2011). 

In Shumshu Island (the North Kuril Islands) intensive pink salmon reproduction occurs in 15 

Rivers. In addition there are several rivers of lower value. But inspection of spawning sites in 

Shumshu Island hasn't been conducted yet. In the third Island of the North Kuril Islands (Onekotan 

Island) there is a small number of spawning rivers. And pink salmon abundance is sufficiently lower 

than in Paramushir Island. So in assessment of the total north Kuril pink salmon abundance 

Onekotan rivers are negligible. 

 

Results 

Pink salmon fisheries in the regions examined is based mainly on the runs of the two 

temporal forms of pink salmon migrating from the Pacific Ocean (Kaev 2002). Ivankov  (1967), 

who described the phenomenon for the first time, consider them as seasonal races (Ivankov 1993), 

but Gritzenko (1981) believes them to be local populations differed in spawning and run time. In 

some years pink salmon migrating from the Sea of Japan runs to the northwest coast of Sakhalin that 

is why quite large catches are observed here even in the beginning of July (Fig. 3). Moreover in the 

northwest coast of Sakhalin incidental catch of pacific pink salmon migrating along the coast to the 

Amur River and other rivers of continental coast takes place. Thereupon statistical data on catches 

and runs of pink salmon in the rivers of the northwest coast are represented separately from the other 

fishing regions of Sakhalin (Tab. 1, 2). 
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Fig. 3. Dynamic of pink salmon catches in different regions of Sakhalin-Kuril region over five-day periods in 

2008–2013. 

 
On going from the North Sakhalin to the South Kuril Islands a gradual shift of pink salmon 

running time to later dates happens. But differences in running time in the northwest coast of 

Sakhalin and Terpeniya Bay are connected not only with such a peculiarity of migration time but 

also with intraspecies structure of pink salmon. So a part of early seasonal form fishes is higher in 

the runs in Terpeniya Bay (Kaev 2012b). Moreover in the south end of northeast Sakhalin a part of 

pink salmon migrating to Terpeniya Bay are caught. From the trawl catches value (Shuntov 

Temnykh 1996) near the south end of northeast Sakhalin a formation of pink salmon concentration 

happens. A part of the pink salmon migrates afterwards northward along the coast. And the other 

part enters to Terpeniya Bay doubling a cape. In this connection we think that it would be statistical 

data on pink salmon abundance in the northeast coast of Sakhalin and in Terpeniya Bay should be 

represented jointly (the north part of East Sakhalin). 

As tagging and catch dynamics analysis show a part of pink salmon migrating into Aniva 

Bay is caught in the south part of the southeast coast of Sakhalin (Rudnev 2007). That is why we 

represent statistical data on the south part of the East Sakhalin jointly (southeast coast of Sakhalin 

and Aniva Bay).   
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Later pink salmon run into Aniva Bay in comparison with the southeast coast of the Island is also 

partly caused by pink salmon intraspecies structure, because in Aniva Bay a percentage of early 

temporal form decreased substantially during last years (Kaev 2012с). 

 
Table 1. Pink salmon catches in different localities of Sakhalin-Kuril region in 1985-2013         (metric ton) 

1985 1440 10810 18170 32350
1986 610 3 619 11913
1987 2030 2007 24230 22250
1988 220 5 1170 10651
1989 660 8079 52340 14582
1990 720 500 8260 19010
1991 1600 12950 72740 31160
1992 1310 1250 18510 22140
1993 1200 13178 14860 9056
1994 829 797 39485 33929
1995 816 14636 44590 28536
1996 1186 4368 10525 29241
1997 1568 20829 47482 26613 210
1998 843 5691 20950 28617 245
1999 861 22350 58633 16109 25
2000 412 633 5680 43886 200
2001 1914 24826 69166 23310 243
2002 640 2272 3823 37764 83
2003 1823 32164 54003 18557 267
2004 287 2075 11717 32898 281
2005 1397 34770 68893 31818 115
2006 162 9676 76115 45163 160
2007 1574 50269 54277 45372 16
2008 459 18642 38123 32182 44
2009 5033 72279 152066 25062 282
2010 876 15912 38672 29975 340
2011 4743 90214 78982 6344 279
2012 1838 29068 37349 27439 725
2013 6862 134979 27907 18690 726

* Including catch in Urup Island 150 t (2000) and 270 t (2001)

Year
Eastern Sakhalin Southern Kuril 

Islands*
Northern Kuril 

Islands
North-western 

Sakhalin Northern part Southern part
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Table 2. Pink salmon abundance in the Sakhalin-Kuril region in 1985–2013 (thousand of fishes) 

1985 1360 1163 9872 21732 16559 8937 30567 2558
1986 585 904 2 3490 566 1320 11096 1618
1987 1836 1322 1751 3655 20192 4566 19175 2298
1988 201 775 4 3880 999 2914 9602 1790
1989 583 903 6495 4457 42422 13680 12443 1975
1990 626 917 370 8239 6505 7652 14917 2833
1991 1461 1197 10884 13017 61840 12296 24743 3657
1992 1066 1065 854 7865 13212 6462 14737 3096
1993 940 1022 8952 11788 9875 3763 5984 2036
1994 727 1929 835 8964 37161 17523 27049 4620
1995 627 869 10375 15353 29746 9955 18028 2557
1996 1119 1037 3764 4328 8752 8736 22608 3009
1997 1089 1735 15380 17448 35056 8542 16939 2118 157
1998 887 1376 5471 3962 19193 6150 24258 3920 206
1999 736 1250 17208 14162 42342 9157 10924 1771 17
2000 392 496 566 4185 4166 5019 28968 4498 150
2001 1724 1639 19964 7826 51942 7688 15878 1789 176
2002 496 1345 1844 994 2698 4429 25946 4136 52
2003 1340 922 23532 13165 40971 5375 13950 1739 185
2004 273 400 1499 1488 7883 3098 21706 2194 204
2005 1244 848 30714 9706 55818 5333 25220 3056
2006 159 632 8197 4741 61372 5498 32730 1950
2007 1164 1123 38480 20337 37676 4526 32564 3710
2008 387 295 14212 5138 28911 3792 21166 1496
2009 3917 995 49740 11079 101885 6325 16019 1853
2010 881 672 12372 5994 29322 5222 19785 2010
2011 3752 1554 74006 8982 60339 3415 4524 1388
2012 1666 453 23920 5922 30944 5766 18659 1481 481
2013 4777 1626 96476 11619 17629 3347 11984 1431 397

* Including catch in Urup Island 100 thousands of fish (2000) and 186 thousands of fish (2001)

Northern Kuril 
Islands
Fishery

Year
North-western Sakhalin

Eastern Sakhalin
Northern part Southern part

Fishery Escapement Fishery Escapement Fishery Escapement 

Southern Kuril Islands*

Fishery Escapement 

 



We think it reasonable to represent statistical data on pink salmon abundance 

separately for the South and the North Kuril Islands. 

Differences in catching time in Iturup Island and Kunashir Island (South Kuril Islands) 

are partly connected with intraspecies structure of pink salmon: late temporal form dominates 

in Iturup Island whereas early temporal form dominates in Kunashir Island (Kaev Romasenko 

2013). Some shift of pink salmon catching time in Iturup Island comparing to Kunashir Island 

is caused also by differences in catching methods. In Kunashir Island commercial catch is 

carried out only by pound nets, whereas in Iturup Island the catch is carried out both by pound 

nets in coastal waters and in fences in river estuaries (regulation of fish access for 

reproduction). 

Salmon fishery in Paramushir Island and Shumshu Island (the North Kuril Islands) 

ranks as special. From the Pacific Ocean side, where the fishery is substantially concentrated, 

not only North Kuril Islands pink salmon is caught but pink salmon migrating to different 

reproduction regions in the Sea of Okhotsk. That is why catching dynamics of pink salmon 

near the Pacific Ocean shore of the islands is determined in different years by the ratio of 

abundance of different migrating stocks and the time of their migration into the Sea of 

Okhotsk. So in even years (1998, 2000, and 2004) when the abundance of pink salmon is high 

just the abundance causes July maximums in catching dynamics curve of pink salmon (Fig. 

4). For the odd years characterizing by low abundance of west Kamchatka stocks we couldn't 

reveal any relations of pound net catching dynamics with runs power to any region of coastal 

fishery (Lepskaya et al. 2011). From 2009 till present fishery in the region is carried out by 

drift net drift nets in coastal waters. Because of the fact the percentage of fishes migrating 

through the straits to the other reproduction regions in the Sea of Okhotsk shore is increased 

substantially in catches. Consequently fishery time shifts to earlier dates. So in 2013 9.1 % of 

pink salmon were caught in June, 53.0 % – in July, and 37.9 % – in August. 
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Fig. 4. Pink salmon catches by the pound nets on the Pacific coast of Paramushir Island over five-day 

periods in even and odd years 
  

 

 

Conclusion 

From the regions considered the South Kuril Islands have the greatest commercial 

importance in catching biomass of many years (41.0 %). The south part of the east cost of 

Sakhalin has a bit lesser percentage (39.6 %), and then its north part follows (17.6 %). If pink 

salmon return abundance is considered then the south part of East Sakhalin leads (39.4 %), 

then the South Kuril Islands (32.0 %) and the north part of East Sakhalin (25.6 %) follow. The 

main reason of the discrepancy of regions' significance in size of catch and return abundance 

is the large percentage of fishery in south regions in comparison with the north regions (49.3 

% and 72.8 % in the north and south parts of East Sakhalin and 87.5 % – in the South Kuril 

Islands). In turn it is caused by large size of rivers in the north part of the east Sakhalin cost 

and necessity of bigger spawner access to spawning sites correspondingly. In addition in the 

south part of Sakhalin and South Kuril Islands most of fish hatcheries is concentrated. It 

increases possibilities of additional pink salmon catch. The North Kuril Islands set apart 

because fishery there is based to a far greater extent on salmon migrating in the other 

reproduction regions and catch size is connected not with status of the stocks but with fishery 

organization. 
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Table 1 
 

Total salmon catch in Russia (Far East) by species, region and subregion in tons (round 
weight), 2013. 

 
 

Region, subregion Pink Chum Sockeye Coho Chinook Masou Total

Western Bering Sea 267.83 979.74 370.25 0.49 1 618.30
Eastern Kamchatka 37 002.91 20 197.58 17 303.03 2 834.74 480.07 77 818.32

Kuriles 19 416.10 10 223.10 1 061.70 624.90 1.86 31 327.66
The Sea of Okhotsk
Western Kamchatka 2 249.47 17 026.92 32 148.48 5 838.57 30.09 0.75 57 294.27

Continental coast 10 747.52 7 927.70 56.85 357.81 19 089.87
 Sakhalin coast 169 747.70 19 040.50 197.20 5.23 188 990.63

Amur Basin 1 949.60 24 067.88 26 017.48
The Sea of Japan

Primor'e 34.68 186.81 3.66 225.15
Southwestern Sakhalin 4.90 3 497.60 0.20 3 502.70

Total 241 420.70 103 147.82 50 940.31 9 853.22 512.50 9.84 405 884.39  
 
 
 

Table 2 
 

Total salmon catch in Russia (Far East) by species, region and subregion in thousand of fish, 
2013. 

 
 

Region, subregion Pink Chum Sockeye Coho Chinook Masou Total

Western Bering Sea 194.06 309.91 109.77 0.05 613.78
Eastern Kamchatka 27 062.79 6 177.54 7 134.04 997.54 72.65 41444.56

Kuriles 12 380.62 3 198.75 442.23 241.27 0.28 16 263.15
The Sea of Okhotsk
Western Kamchatka 1 362.29 5 143.72 11 968.58 1 934.05 4.73 0.40 20 413.77

Continental coast 7 648.59 2 391.15 23.06 102.61 10 165.40
 Sakhalin coast 118 882.78 6 098.91 54.90 5.56 125 042.15

Amur Basin 1 512.49 9 860.80 11373.29
The Sea of Japan

Primor'e 23.71 52.26 1.36 77.33
Southwestern Sakhalin 3.43 1 176.50 0.14 1 180.07

Total 169070.75 34 409.53 19 677.67 3 330.37 77.71 7.46 226 573.49  
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Table 3 

 
Average weights (kg) of salmon in commercial catch in Russia (Far East) by species, 2013 

 
Region, subregion Pink Chum Sockeye Coho Chinook Masou

Western Bering Sea 1.38 3.16 3.37 10.34
Eastern Kamchatka 1.37 3.27 2.43 2.84 6.61

Kuriles 1.57 3.20 2.40 2.59 6.64
The Sea of Okhotsk
Western Kamchatka 1.65 3.31 2.69 3.02 6.36 1.87

Continental coast 1.41 3.32 2.47 3.49
 Sakhalin coast 1.43 3.12 3.59 0.94

Amur Basin 1.29 2.44
The Sea of Japan

Primor'e 1.46 3.57 2.69
Southwestern Sakhalin 1.43 2.97 1.43

 
 
 

Table 4 
 

Subsistence catch of salmon in Russia (Far East) by species, in numbers of fish, 2013 
 
 

Region, subregion Pink Chum Sockeye Coho Chinook Masou Total

Western Bering Sea 141 300 121 530 23 800 286 630
Eastern Kamchatka 382 949 98 814 88 765 23 022 3 478 597 028

Kuriles 
The Sea of Okhotsk
Western Kamchatka 137 817 128 414 32 890 20 377 319 498

Continental coast 134 898 61 281 812 6 232 203 223
 Sakhalin coast 109 400 73 570 182 970

Amur Basin 66 796 420 730 487 526
The Sea of Japan

Primor'e 36 3 205 3 241
Southwestern Sakhalin

Total 973 196 907 544 146 267 49 631 3 478 2 080 116  
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Table 5 
 

Sport catch of salmon in Russia (Far East) by species, in numbers of fish, 2013 
 

Region, subregion Pink Chum Sockeye Coho Chinook Masou Total

Western Bering Sea 7 246 31 560 2 670 41 476
Eastern Kamchatka 38 730 27 234 9 472 8 849 1 698 85 983

Kuriles 2 910 1 140 17 244 3 522 24 816
The Sea of Okhotsk
Western Kamchatka 15 821 12 257 6 212 34 290

Continental coast 68 578 72 155 1 501 14 692 156 926
 Sakhalin coast 66 150 47 050 330 4 160 117 690

Amur Basin 36 051 333 007 369 058
The Sea of Japan

Primor'e 22 214 7 438 778 30 430
Southwestern Sakhalin 130 1 580 70 1 780

Total 257 830 533 421 19 855 41 115 5 220 5 008 862 449  
 
 

Table 6 
 

Hatchery releases of Russian salmon fry and smolts (Far East) by species and area, in 
thousands of fish, 2013.   

 
Region, subregion Pink Chum Sockeye Coho Chinook Masou Total

Eastern Kamchatka 29 543.4 1 110.1 30 653.5
Kuriles 129 374.0 141 161.0 270 535.0

The Sea of Okhotsk
Western Kamchatka 4 092.5 13 431.7 909.8 18 433.9

Continental coast 2 175.0 15 924.1 2 163.7
 Sakhalin coast 204 795.0 251 902.0 772.0 129.0 20 262.8

Amur Basin 108 917.5
The Sea of Japan

Primor'e 900.0 28 900.0 220.0 30 020.0
Southwestern Sakhalin 4 412.0 98 226.0 102 638.0
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Table 6 

 
Region,subregion Pink Chum Sockeye Coho Chinook Masоu Total

Western Bering Sea 500.000 1500.000 300.000 2300.000
Eastern Kamchatka 5584.105 348.389 389.817 196.259 20.175 6538.745

Kuriles 1431.200 199.000 1630.200
The Sea of Okhotsk
Western Kamchatka 210.650 166.205 1869.610 189.879 7.893 2444.237

Continental coast 5654.000 4579.500 48.400 155.700 10437.600
 Sakhalin coast 16591.300 270.000 16861.300

Amur Basin 1580.000 40910.000 42490.000
The Sea of Japan

Primor'e 188.000 44.000 30.000 262.000
Southwestern Sakhalin 178.300 5.300 183.600

Total 31917.555 48022.394 2607.827 541.838 28.068 30.000 83147.682  
 
 

 

Escapement of adult pacific salmon to spawning areas in Russia, by species, region and 
subregion  in thousands of fishes, 2013 
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Incidental Takes of Anadromous Fish in the North Pacific 
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Japanese research vessels are scheduled to conduct 10 high-seas surveys for pelagic 

fishes and squids in the North Pacific Ocean in 2014 (Table 1).  These surveys have a 
possibility of incidental salmon catch during the fishing operations with gillnets, trawl 
or saury dip-net.  In the case of gillnet operation, lengths of gillnets will be less than 
2.5 km at the sea. 
 
Key words: Japanese research cruise plan, pelagic fish, squid, incidental salmon catch, North 
Pacific Ocean, 2014 



2 

Kaiun maru
(tentative)

June 27 (Hachinohe) -
August 5

(Hachinohe)

Central and western North Pacific
(30° – 46°N, 144°E – 175°W)
excluding Russian 200 NMZ

Stock assessment of neon
flying squid

Gillnets

Hokuho maru June 7 (Hakodate)–
July 24 (Hakodate)

Central and western North Pacific
(30° – 50°N, 140°E – 160°W)
excluding Russian 200 NMZ

Abundance of Pacific saury Mid-water trawl

Hokuho maru Sep. 18 (Hakodate)–
Oct. 13 (Hakodate)

Western North Pacific (36° – 51°N,
141° – 176°E) excluding Russian 200

NMZ

Abundance of small pelagic
fishes

Mid-water trawl

Hokko maru June 19 (Kushiro)–
July 16 (Kushiro)

Western North Pacific (38° - 45°N,
143° - 163°E) excluding Russian 200

NMZ

Abundance of Pacific saury Mid-water trawl

Hokushin maru July 2 (Kushiro)–
July 17 (Kushiro)

Western North Pacific (40° - 47°N,
149° - 165°E) excluding Russian 200

NMZ

Abundance of Pacific saury Gillnets

Koryo maru No.
63

May 1 (Kushiro)–
 July 31 (Kushiro)

Central and western North Pacific
(30° - 50°N, 143°E- 180°) excluding

Russian 200 NMZ

Technical experiment for
saury fishing

Saury dip-net

Gonei maru No.
21

May 1 (Kushiro)–
 July 31 (Kushiro)

Central and western North Pacific
(30° - 50°N, 143°E- 180°) excluding

Russian 200 NMZ

Technical experiment for
saury fishing

Saury dip-net

Ryoei maru No.
18

May 1 (Kushiro)–
 July 31 (Kushiro)

Central and western North Pacific
(30° - 50°N, 143°E- 180°) excluding

Russian 200 NMZ

Technical experiment for
saury fishing

Saury dip-net

Den maru No.
37

May 1 (Kushiro)–
 July 31 (Kushiro)

Central and western North Pacific
(30° - 50°N, 143°E- 180°) excluding

Russian 200 NMZ

Technical experiment for
saury fishing

Saury dip-net

Koko maru No.
11

May 1 (Kushiro)–
 July 31 (Kushiro)

Central and western North Pacific
(30° - 50°N, 143°E- 180°) excluding

Russian 200 NMZ

Technical experiment for
saury fishing

Saury dip-net

Table 1. Cruise plans of Japanese research vessels involving incidental catches of anadromous fishes in the North
Pacific Ocean in 2014.

Vessel Cruise period Survey area Research objects Gear
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Party Vessel name Call sign
Gear
equipped

Other available information

FRA Shimizu Kaiun maru JRFC Gillnets
INMARSAT telephone: +872-6431-610-10
Length: 45.50 m, Gross tonnage: 208

FRA Hachinohe Hokuho maru JLRE
Mid-water
trawl

INMARSAT telephone: +872-3431-028-10
Length: 63.60 m, Gross tonnage: 664

FRA  Kushiro Hokko maru JEEB
Mid-water
trawl

INMARSAT telephone: +872-7634-443-93
Length: 64.73 m, Gross tonnage: 902

HRO Kushiro Fish.
Res. Inst.

Hokushin maru 7LQV Gillnets
INMARSAT telephone: +872-6431-610-10
Length: 45.50 m, Gross tonnage: 208

FRA Yokohama
(JAMARC)

Koryo maru No.
63

7JMR Saury dip-net
INMARSAT telephone: +870-7731-92467
Length: 38.30 m, Gross tonnage: 199

FRA Yokohama
(JAMARC)

Gonei maru No. 21 7JPC Saury dip-net
INMARSAT telephone: +870-7731-92847
Length: 38.36 m, Gross tonnage: 199

FRA Yokohama
(JAMARC)

Ryoei maru No. 18 JKGT Saury dip-net
INMARSAT telephone: +870-7731-92107
Length: 37.00 m, Gross tonnage: 199

FRA Yokohama
(JAMARC)

Den maru No. 37 JHOH Saury dip-net
INMARSAT telephone: +870-6432-64710
Length: 33.00 m, Gross tonnage: 167

FRA Yokohama
(JAMARC)

Koyo maru No. 11 7JNH Saury dip-net
INMARSAT telephone: +870-7731-92844
Length: 38.36 m, Gross tonnage: 199

Appendix Table.  List of research vessels scheduled for pelagic fish and squid surveys involving
incidental catches of anadromous fishes in North Pacific Ocean by Japanese Party. FRA,
Fisheries Research Agency; HRO, Hokkaido Research Organization.
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Abstract 
Otolith marking of salmon of 2014 brood year will be conducted in five regions of the 

Far East: Kamchatka, Magadan, Sakhalin, Khabarovsk and Kuril regions. Marking will be 
carried out using two methods: thermal and “dry”. Their application will be determined by the 
possibilities and specificity of water supply of incubated embryos at hatcheries of the Far East. 
The dominating method of marking will be a “dry” one – it will be used on the 77% of salmon 
hatcheries. Salmon will be marked at 32 hatcheries. Totally 42 otolith marks will be used.   

  
Keywords: otolith marking, method of marking, juvenile salmon, hatcheries, marks. 

 
The plan of otolith marking of Salmon of 2014 generation 

 
Mass marking of juvenile salmon is an important instrument allowing to evaluate the 

rate of survivability of hatchery raised juvenile salmon after its seaward run from the hatcheries 
and rivers into the seashore area, and to study the ways of migration and fry salmon distribution 
in the Sea of Okhotsk and areas of fattening in the ocean. Moreover, otolith marking allows 
determining the effectiveness of hatcheries’ work by looking at the amount of returned hatchery 
raised fish. 

Salmon of 2014 generation will be marked at 32 hatcheries of the Far East: 18 in 
Sakhalin, 5 in Kamchatka, 4 in Magadan, 4 in Kuril Islands and 1 in Khabarovsk. Totally 42 
marks will be used: 36 marks will be used for chum, 14 – for pink, 6 marks for coho, 3 – for 
sockeye, 1 for chinook, 1 for masu. Like in previous years marking of the juvenile salmon in the 
Far East will be carried out by using two methods: thermal at 8 hatcheries and “dry” at 26 
hatcheries. Thermal marking will be conducted by decreasing temperature rate. 

It is necessary to mention that otolith marking will dominate at the “prehatch” stage. 
Nine marks will be used at the “post hatch” stage. One mark will be used at the both stages.  One 
and the same marks will be used for marking broods of different kinds of salmon for the 
convenience of controlling the returned fish. 

Russian plan of marking is shown in the Table 1. Samples of thermal and “dry” 
marking are given in Hatch code (Hagen et al., 2000). 
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Table1.Plan marks from Russia for 2014 brood year stocks of salmon 

Mark BROOD STATE/ 
HATCH 

GRAPHIC IMAGE 
TYPE YEAR 

SPECIES COUNTRY 
PROVINCE 

FACILITY 
CODE PREHATCH POSTHATCH 

MARK SCHEDULE 

1 2 3 4 5 6 7 8 9 10 

DM 2014 Chum Russia Magadan Armansky Hatchery 5H I I I I I  (5Х)24D:24W 
DM 2014 Chum Russia Magadan Olsky Hatchery 3n,3H III  I I I  (2Х)12D:12W,(1X)12D:48W, (3Х)24D:24W 
DM 2014 Chum Russia Magadan Olsky Hatchery 5,3nH I I I I I  III  (4Х)24D:24W,(1X)24D:48W,(3Х)12D:12W 
DM 2014 Chum Russia Magadan Olsky Hatchery 1,3,1H I  I I I  I  (1Х)24D:48W,(2X)24D:24W, (2Х)24D:48W 
DM 2014 Chum Russia Magadan Tauysky Hatchery 4,3H I I I I  I I I  (3Х)24D:24W,(1X)24D:48W, (3Х)24D:24W 
DM 2014 Chum Russia Magadan Yansky Hatchery 1,2,1H I  I I  I  (1Х)24D:48W,(1X)24D:24W, (2Х)24D:48W 
DM 2014 Chum Russia Kamchatka Ozerkovsky Hatchery 3,2H I I I  I I  (2Х)24D:24W,(1X)24D:48W, (2Х)24D:24W 
DM 2014 Chum Russia Kamchatka Ketkinsky Hatchery  7H I I I I I I I  (7Х)24D:24W 
TM 2014 Chum Russia Kamchatka Paratunsky Hatchery H3,4  I I I  I I I I (2Х)24C:24H,(1X)24C:48H, (4Х)24C:24H 
TM 2014 Chum Russia Sakhalin Ado-Tymovsky Hatchery 3H3,2 I I I   I I I  I I (3Х)24C:24H+(2Х)24C:24H,(1X)24C:48H, (2Х)24C:24H 
DM 2014 Chum Russia Sakhalin Pobedinsky Hatchery 5,1H I I I I I  I   (4Х)24D:24W,(2X)24D:48W 
DM 2014 Chum Russia Sakhalin Buyuklovsky Hatchery 1,5H I  I I I I I  (1Х)24D:48W,(5X)24D:24W 
TM 2014 Chum Russia Sakhalin Sokolovsky Hatchery H3,2,2  I I I  I I  I I (2Х)24C:24H,(1X)24C:48H, (1Х)24C:24H,(1Х)24C:48H,(2Х)24C:24H 
TM 2014 Chum Russia Sakhalin Bereznyakovsky Hatchery H3,1,3  I I I  I  I I I (2Х)24C:24H,(2X)24C:48H,(3Х)24C:24H 
DM 2014 Chum Russia Sakhalin Taranaysky Hatchery 4,2H I I I I  I I  (3Х)24D:24W,(1X)24D:48W, (2Х)24D:24W 
DM 2014 Chum Russia Sakhalin Sokolnikovsky Hatchery 3n,1,3H III  I  I I I  (2Х)12D:12W,(1X)12D:48W, (1Х)24D:48W,(3Х)24D:24W 
DM 2014 Chum Russia Sakhalin Yasnomorsky Hatchery 3n,2,1H III  I I  I  (2Х)12D:12W,(1X)12D:48W, (1Х)24D:24W,(1Х)24D:48W, (1Х)24D:24W 
DM 2014 Chum Russia Sakhalin Kalininsky Hatchery 3n,1,2nH III  I  II  (2Х)12D:12W,(1X)12D:48W, (1Х)24D:48W,(2Х)12D:12W 
DM 2014 Chum Russia Sakhalin Urozhayny Hatchery 6nH IIIIII  (6Х)12D:12W 
DM 2014 Chum Russia Sakhalin Ohotsky Hatchery 3,3nH I I I  III  (2Х)24D:24W,(1X)24D:48W, (3Х)12D:12W 
DM 2014 Chum Russia Sakhalin Lesnoy Hatchery  3n,4H III  I I I I  (2Х)12D:12W,(1X)12D:48W, (4Х)24D:24W 
DM 2014 Chum Russia Sakhalin Bakhura Hatchery  4,2nH I I I I  II  (3Х)24D:24W,(1X)24D:48W, (2Х)12D:12W 
TM 2014 Chum Russia Sakhalin Sova Hatchery  H3,1,3n  I I I  I  III (2Х)24C:24H,(2X)24C:48H,(3Х)12C:12H 
TM 2014 Chum Russia Sakhalin Sova Hatchery  3,1,3nH I I I  I  III  (2Х)24C:24H,(2X)24C:48H,(3Х)12C:12H 
DM 2014 Chum Russia Sakhalin Sova Hatchery  4n,1,2H IIII  I  I I  (3Х)12D:12W,(1X)12D:48W, (1Х)24D:48W,(2Х)24D:24W 
DM 2014 Chum Russia Sakhalin Monetka Hatchery  3,1,2nH I I I  I  II  (2Х)24D:24W,(2X)24D:48W,(2Х)12D:12W 
DM 2014 Chum Russia Sakhalin Zalom Hatchery  3n,1,2H III  I  I I    (2Х)12D:12W,(1X)12D:48W,(1X)24D:48W,(2Х)24D:24W 
DM 2014 Chum Russia Iturup Kuril`sky Hatchery 3,4H I I I  I I I I  (2Х)24D:24W,(1X)24D:48W, (4Х)24D:24W 
TM 2014 Chum Russia Iturup Reydovyy Hatchery H1,2,2  I  I I  I I (1Х)24C:48H,(1X)24C:24H, (1Х)24C:48H,(2Х)24C:24H 
TM 2014 Chum Russia Iturup Reydovyy Hatchery 1,2,2H I  I I  I I  (1Х)24C:48H,(1X)24C:24H, (1Х)24C:48H,(2Х)24C:24H 
DM 2014 Chum Russia Iturup Hatchery on bay Olya 3,3H I I I  I I I    (2Х)24D:24W,(1X)24D:48W, (3Х)24D:24W 
 
 



Table1(Continuation).Plan marks from Russia for 2014 brood year stocks of salmon 
Mark BROOD  STATE/  HATCH   GRAPHIC IMAGE 

TYPE YEAR 
SPECIES COUNTRY 

PROVINCE 
FACILITY 

CODE PREHATCH POSTHATCH 
MARK SCHEDULE 

1 2 3 4 5 6 7 8 9 10 

DM 2014 Chum Russia Iturup Kitovyy Hatchery  7nH IIIIIII  (7Х)12D:12W 

DM 2014 Chum Russia Iturup Kitovyy Hatchery  3-2H I I I     I I  (2Х)24D:24W,(1X)24D:72W, (2Х)24D:24W 

DM 2014 Chum Russia Iturup Kitovyy Hatchery  5n,3H IIIII  I I I  (4Х)12D:12W,(1X)12D:48W, (3Х)24D:24W 

TM 2014 Chum Russia Khabarovsk Kometa Hatchery  H3-3  I I I     I I I (2Х)24C:24H,(1X)24C:72H,(3Х)24C:24H 

TM 2014 Chum Russia Khabarovsk Kometa Hatchery  3-3H I I I     I I I  (2Х)24C:24H,(1X)24C:72H,(3Х)24C:24H 

DM 2014 Pink Russia Magadan Armansky Hatchery 1,5H I  I I I I I  (1Х)24D:48W,(5X)24D:24W 

DM 2014 Pink Russia Magadan Olsky Hatchery 3,2nH I I I  II   (2Х)24D:24W,(1X)24D:48W, (2Х)12D:12W 

DM 2014 Pink Russia Magadan Yansky Hatchery 1,2,1H I  I I  I  (1Х)24D:48W,(1X)24D:24W, (2Х)24D:48W 

DM 2014 Pink Russia Sakhalin Anivsky Hatchery 3,2H I I I  I I  (2Х)24D:24W,(1X)24D:48W, (2Х)24D:24W 

DM 2014 Pink Russia Sakhalin Taranaysky Hatchery 7H I I I I I I I  (7Х)24D:24W 

DM 2014 Pink Russia Sakhalin Lesnoy Hatchery  1,4H I  I I I I    (1Х)24D:48W,(4X)24D:24W 

DM 2014 Pink Russia Sakhalin Bakhura Hatchery  3n,4H III  I I I I  (2Х)12D:12W,(1X)12D:48W, (4Х)24D:24W 

DM 2014 Pink Russia Sakhalin Pugachevsky Hatchery  5H I I I I I  (5Х)24D:24W 

DM 2014 Pink Russia Sakhalin Pugachevsky Hatchery  3,1,2H I I I  I  I I  (2Х)24D:24W,(2X)24D:48W, (2Х)24D:24W 

DM 2014 Pink Russia Sakhalin Monetka Hatchery  3,4H I I I  I I I I  (2Х)24D:24W,(1X)24D:48W, (4Х)24D:24W 

DM 2014 Pink Russia Iturup Kuril`sky Hatchery 5,1H I I I I I  I  (4Х)24D:24W,(2X)24D:48W 

TM 2014 Pink Russia Iturup Reydovyy Hatchery H1,2,2  I  I I  I I (1Х)24H:48C,(1X)24H:24C, (1Х)24H:48C,(2Х)24H:24C 

TM 2014 Pink Russia Iturup Reydovyy Hatchery 1,2,2H I  I I  I I  (1Х)24H:48C,(1X)24H:24C, (1Х)24H:48C,(2Х)24H:24C 

DM 2014 Pink Russia Khabarovsk Kometa Hatchery  3n,3H III  I I I  (2Х)12D:12W,(1X)12D:48W, (3Х)24D:24W 

DM 2014 Coho Russia Magadan Armansky Hatchery 3,2nH I I I  II  (2Х)24D:24W,(1X)24D:48W, (2Х)12D:12W 

DM 2014 Coho Russia Magadan Olsky Hatchery 5H I I I I I  (5Х)24D:24W 

DM 2014 Coho Russia Magadan Tauysky Hatchery 4,1H I I I I  I   (3Х)24D:24W,(2X)24D:48W 

DM 2014 Coho Russia Magadan Yansky Hatchery 1,2,1H I  I I  I  (1Х)24D:48W,(1X)24D:24W, (2Х)24D:48W 

TM 2014 Coho Russia Kamchatka Paratunsky Hatchery H3,4  I I I  I I I I (2Х)24C:24H,(1X)24C:48H, (4Х)24C:24H 

DM 2014 Coho Russia Kamchatka Viluysky Hatchery 5,1H I I I I I  I  (4Х)24D:24W,(1X)24D:48W, (1Х)24D 

DM 2014 Sockeye Russia Magadan Olsky Hatchery 7H I I I I I I I  (7Х)24D:24W 

TM 2014 Sockeye Russia Kamchatka Malkinsky Hatchery 3,1H I I I  I  (2Х)24C:24H,(2X)24C:48H 

DM 2014 Sockeye Russia Kamchatka Ozerkovsky Hatchery 3,3H I I I  I I I  (2Х)24D:24W,(1X)24D:48W, (3Х)24D:24W 

TM 2014 Chinook Russia Kamchatka Malkinsky Hatchery H4  I I I I    (4Х)24C:24H 

DM 2014 Masu Russia Khabarovsk Kometa Hatchery  3,2H I I I  I I  (2Х)24D:24W,(1X)24D:48W, (2Х)24D:24W 
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Trawl Survey Plans for Pacific Salmon Marine Life Period Studies in the Far Eastern Seas in 

summer and fall 2014 by Russia 

 

ABSTRACT 

The document summarizes trawl survey plans for Pacific salmon marine life period studies in 

the Far Eastern Seas in summer and fall 2014 by Russia (TINRO-Center). The outline of materials, 

methods, surveys timing and theoretical background are provided. 

 

Keywords: Pacific salmon, cruise activity, trawl survey, Okhotsk Sea, Pacific Ocean. 

 

 

INTRODUCTION 

Pacific salmon marine life period studies are planned in accordance with “Russian Pacific 

Salmon Research Program for 2010-2014 Period” (NPAFC Doc 1231). Surveys plan for Pacific 

salmon research in 2014 is a logical continuation of previous studies on salmon marine ecology. It is 

based on proven methods and approaches for assessment of salmon abundance, biological condition, 

spatial distribution patterns, size and age composition and others (NPAFC Doc 645, 682, 901, 985 

and others).  

Last years the abundance of many Russian salmon stocks changed greatly. In 2005-2013, the 

total catch of Pacific salmon by Russia was at 260-542 th. ton. In this year the total salmon 

abundance is expected to be relatively low due to decrease in pink salmon abundance while catches 

of other salmon species are supposed to be at high level.. Continuation of salmon studies in main 

areas of their habitat will let us to estimate the dynamic of their distribution, abundance, body size, 

feeding habits, and other features and to improve our knowledge of salmon ecology. 

In 2014 Russia will continue monitoring of the state of the Okhotsk Sea and Pacific waters 

off Kuril Islands ecosystems. The studies on salmon distribution, food habits, dependence of salmon 

feeding on biomass and composition of plankton and nekton communities, changes of biological 

condition of fishes during the foraging, salmon spatial differentiation, structure of stocks 

contributing to the mixture and the influence of abiotic environment upon the salmon quantitative 

allocation and migrations are planned. One of the goals of these studies is the estimation of Pacific 

salmon survival/mortality at the different stages of marine life period.  
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METHODOLOGY OF STUDIES 

Surveys will be conducted abord vessels of TINRO-Center (“TINRO” and “Professor 

Kaganovsky”) using uniform methods and approaches. Trawlings of R/V “TINRO” and “Professor 

Kaganovsky” are carried out by the standard midwater trawl, model RT/TM 80/396 m fished with 

four 120 m bridles. Heavy orbicular midwater trawl doors, each one of 6 sq.m, are used. Depending 

on towing speed the vertical spread of the trawl is 32-42 m and horizontal spread is 30-34 m. At 

each station the net is towed for 1 hour. The net is towed at about 4.5-5.0 kts with the headrope 

located at the surface (fixed layer – 0 m), particularly at night. The length of warps is 250-310 m. 

Each trawling is accompanied (before or after) by the collection of plankton samples using 

the Jedy net. Samples for fish and squid diet studies are taken from the catch of every trawling and 

these samples undergo on-board processing. The processing of all samples is carried out by means 

of express methods of analysis that were developed by TINRO-Center. Research on caloric content 

of food items and their isotope composition will provide further insights into understanding of 

Pacific salmon biological environment.  

Hydrological studies are conducted during the whole period of the survey by means of 

hydrological probe Neil-Brown and ICTD. The data is recorded for the fixed layer 0-1000 meters 

and for the areas with the depth less than 1000 meters – down to the bottom. 

 

I. CRUISE PLAN FOR PACIFIC SALMON MARINE PERIOD OF LIFE 

RESEARCH DURING THEIR ANADROMOUS MIGRATIONS  

 
SURVEYS OBJECTIVES AND TASKS 

Studies during Pacific salmon anadromous migrations are planned in the Pacific waters off 

Kuril Islands. The major purpose of these studies is the estimation of anadromous Pacific salmon 

abundance and biomass for short-term forecasting of their returns and possible catch. The studies on 

salmon distribution, salmon food habits, dependence of salmon feeding on biomass and composition 

of plankton and nekton communities, changes of biological condition of salmon during the 

anadromous migrations and foraging, salmon spatial differentiation, structure of stocks contributing 

to the mixture and the influence of abiotic environment upon the salmon quantitative allocation and 

migrations are planned. 

Achievement of these objectives will be accomplished through the fulfillment of the 

following tasks:  
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1) carrying out of trawl survey of epipelagic zone in the Pacific waters off Kuril Islands for 

estimation of mature and immature Pacific salmon and other nekton species abundance and biomass, 

assessment of their biological condition and spatial distribution patterns, size and age composition 

of stocks, sampling for feeding studies. 

2) carrying out of plankton survey of epipelagic zone for collection of data on plankton 

communities composition and structure, salmon and mass nekton species feeding environment; 

description and development of nektonic communities trophic structure models. 

4) carrying out of hydrological survey for evaluation of climate-oceanic conditions of the 

Pacific waters off Kuril Islands. 

Research vessel “Professor Kaganovsky” are planned to study Pacific salmon anadromous 

migrations. 

 

LOCATIONS AND PERIOD OF SURVEY 

The salmon studies of research vessel “Professor Kaganovsky” will begin in the Pacific 

waters in June and will end by the middle July (Figure 1).  
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Okhotsk Sea 

Figure 1. Station locations to be sampled by the comprehensive survey of the upper epipelagic layer 
of the Pacific waters off Kuril Islands by RV “Professor Kaganovsky” according to TINRO-Center 
plan for June-July, 2014. Red line is the border of Russian EEZ 
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PARTICIPATING SCIENTISTS  

Scientific team will include 17 persons: 8 ichthyologists, 4 hydrobiologists, 3 hydrologists, 2 

acousticians. 

 

II. CRUISE PLAN FOR PACIFIC SALMON MARINE PERIOD OF LIFE 

RESEARCH DURING THEIR CATADROMOUS MIGRATIONS 

 

SURVEYS OBJECTIVES AND TASKS 

Studies during Pacific salmon catadromous migrations are planned in the Okhotsk Sea. The 

major purpose of these studies is the estimation of catadromous Pacific salmon abundance and 

biomass for forecasting of their returns and possible catch in the next years. The studies on salmon 

distribution, salmon food habits, dependence of salmon feeding on biomass and composition of 

plankton and nekton communities, changes of biological condition of salmon during the 

catadromous migrations and foraging, salmon spatial differentiation, structure of stocks contributing 

to the mixture and the influence of abiotic environment upon the salmon quantitative allocation and 

migrations are planned. 

Achievement of these objectives will be accomplished through the fulfillment of the 

following tasks:  

1) carrying out of trawl survey of epipelagic zone in the southern Okhotsk Sea for estimation 

of juvenile and immature Pacific salmon and other nekton species abundance and biomass, 

assessment of their biological condition and spatial distribution patterns, size and age composition 

of stocks, sampling for feeding studies. 

2) carrying out of plankton survey of epipelagic zone for collection of data on plankton 

communities composition and structure, salmon and mass nekton species feeding environment; 

description and development of nektonic communities trophic structure models.   

3) carrying out of hydrological survey for evaluation of climate-oceanic conditions of the 

southern Okhotsk Sea. 

Studies of Pacific salmon during their catadromous migrations will be conducted aboard R/V 

“TINRO”. 
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LOCATIONS AND PERIOD OF SURVEY  

Studies during Pacific salmon catadromous migrations will begin in the southern part of 

Okhotsk Sea in early October and will end in early November (Figure 2). 
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Figure 2. Station locations to be sampled by the standard comprehensive survey of the upper 
epipelagic layer of the southern Okhotsk Sea (October and November ) aboard RV “TINRO”. 

 

PARTICIPATING SCIENTISTS  

Scientific team will include 17 persons: 8 ichthyologists, 4 hydrobiologists, 3 hydrologists 

and 2 acousticians (preliminary). 
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Russian Bibliography of 2013 Publications Linked to the Current NPAFC Science Plan 

 

ABSTRACT 

The bibliography lists original papers and documents published in 2013 by Russian scientists and 

their collaborators relevant to the 2011-2015 NPAFC Science Plan. The bibliography lists 80 papers, 

corresponding to the five key research components of the NPAFC Science Plan. 

 

Keywords: bibliography, migration, survival, climate impacts, BASIS, monitoring, stock 

identification, management  

 

INTRODUCTION 

The Science Sub-Committee of the North Pacific Anadromous Fish Commission (NPAFC) 

developed a five-year Science Plan (2011-2015). The plan includes five components: 1) Migration 

and survival mechanisms of juvenile salmon in the ocean ecosystems; 2) Climate impacts on Pacific 

salmon production in the Bering Sea (BASIS) and adjacent waters; 3) Winter survival of Pacific 

salmon in the North Pacific Ocean; 4) Biological monitoring of key salmon populations; and 5) 

Development and application of stock identification methods and models for management of Pacific 

salmon. 

The current bibliography lists original papers and documents published in 2013 by Russian scientists 

and their collaborators relevant to the 2011-2015 NPAFC Science Plan. The bibliography lists 80 

papers, corresponding to the five key research components of the NPAFC Science Plan. Each 

publication is listed under one research component, although some of them are relevant to several 

components. The references were given with abstracts if papers included abstracts in English. 

Otherwise, they listed without abstracts. 
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BIBLIOGRAGHY 
 

COMPONENT 1: MIGRATION AND SURVIVAL MECHANISMS OF JUVENILE 
SALMON IN THE OCEAN ECOSYSTEMS 
 
Chebanova, V.V. 2013. Feeding of rainbow smolt, starry flounder, saffron cod, pacific herring 
and salmonids within the Kamchatka River estuary. Collection of scientific papers "The 
researches of the aquatic biological resources of Kamchatka and the north-west part of the 
Pacific ocean" 31: 98-105. (In Russian with English abstract). 
Feeding characteristics for rainbow smelt (10–28 cm), starry flounder (11–29 cm), saffron cod (26–
40 cm), Pacific herring (8–34 cm), char (18–62 cm), malma (17–36 cm), sockey salmon (11–16 cm) 
and coho salmon (11–27 cm) within the Kamchatka River estuary are given. Food composition 
peculiarities for some fish species in the vast area of the Nerpich’e and Kaltuchnoe Lakes as well as 
the features of their stomach fullness, arising from irregular distribution of food objects, are 
revealed. 
 
Frenkel, S. E., B.P. Smirnov, and A.V. Presnyakov. 2013. Characteristics of zooplankton at the 
coast of Iturup Island in the time of salmon juveniles off-shore migration. Izv. TINRO 172: 
89–195. (In Russian with English abstract). 
Zooplankton of the superficial layer (upper 10 m) is characterized for the period of salmon juveniles 
feeding in the coastal zone of Iturup Island (during off-shore migration in August 2011). Data of two 
surveys conducted on the Okhotsk Sea side of the Island around Chirip Peninsula at the distance 
200–1500 m from the coastline and retrospective data collected in May-July of 1980–1984 and 2010 
are analyzed. In total, 36 taxa of zooplankton were identified. Both species composition and 
abundance became richer westward — so, in August 2011, the biomass was on average 160 mg/m 3 
in Belavin Bay and 86 mg/m 3 in the Kurilsky Gulf at the western side of Chirip Peninsula but much 
lower eastward: 62 mg/m 3 in the Olya Bay, and 22 mg/m 3 in the Prostor Gulf. The maximum 
abundance (61 thousand ind./m 3, 1854 mg/m 3) was observed in the open coastal waters to the 
north of the Kitovy Gulf (also westward from Chirip) in late August in conditions of wind-induced 
upwelling. Pseudocalanus spp. was the most abundant species (both by number and biomass) 
westward from Chirip, but Oithona similis and Microsetella norvegica dominated eastward from this 
peninsula. Large-sized Calanidae species, being a preferred food for salmon juveniles, had the 
highest biomass in late August, when it reached 116 mg/m 3 in the northern Kitovy Gulf. 
Significantly lower biomass of zooplankton in August 2011 compared to July 1980–1984 and 2010 
was induced by a sharp reduction in the number of Pseudocalanus spp. due to increase of water 
temperature. The zooplankton community succession is considered as a reason of the salmon 
juveniles off-shore migration. 
 
Kalchenko, E.I., А.V. Klimov, V.G. Erokhin, V.I. Shershneva, А.V. Morozova, and М.I. 
Yureva. 2013. Dynamics of the composition of fatty acids of juvenile chum and pink salmon in 
the course of autumn-winter seaward and oceanic migrations. Collection of scientific papers 
"The researches of the aquatic biological resources of Kamchatka and the north–west part of 
the Pacific ocean" 30: 89–99. (In Russian with English abstract). 
Analysis of the dynamics of juvenile pink and chum salmon’s muscle tissue biochemical 
characteristics during autumn migrations to the Sea of Okhotsk and winter migrations to the north–
western part of the Pacific Ocean has provided information about forage supply and seasonal 
energetic reversions in organism of the juvenile fsh in the course of the first year of life at sea. The 
principal role of the autumn feeding in the life history of Pacific salmon consists in providing a rapid 
growth and intense accumulation of lipids as general reserves of energy. In winter young chum and 
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pink salmon demonstrate intense spending of the lipids, accumulated in the muscle tissue for the 
autumn period, and transformation of the composition of their fatty acids towards a lower level of 
monounsaturated acids and a higher relative part of the ω–3 polyunsaturated fatty acids (especially 
of the docosahexaenoic acid). A poor content of lipids and changing profiles of fatty acids in 
salmon’s muscle tissue in winter indicate of a high expenditure of accumulated energy required for 
adaptation to low water temperatures and worsening food supply. 
 
Klimov, A.V., А.P. Lozovoy, and I.V. Zhiganova. 2013. Behavioral and Biochemical 
Adaptations of Juvenile Pacific Salmon in the Okhotsk Sea and Northwestern Pacific Ocean // 
NPAFC Technical Report 9: 131–135. (Available at www.npafc.org). 
The aim of the work was to determine strategic behavioral and biochemical adaptations of juvenile 
pink, chum, and sockeye salmon in their first year in the ocean. Analysis was done on the basis of 
biochemical characteristics (lipid, protein, and calorie contents) of muscle tissue and the distribution 
of young salmon caught in trawl surveys in the Okhotsk Sea. We also analyzed feeding conditions 
and specifics of the seasonal metabolism of the fish. We analyzed the first ocean year in three 
periods: early marine period (adaptation period to live in sea water), intense foraging in autumn, and 
migration to the ocean (adaptations to live in the ocean). An important trait of these adaptive 
periods, and makes them different from other periods of salmon ontogenesis, is the proficiency–
deficiency transit in the energy budget that is expressed by intense usage of deposited nutrient 
substances (mainly triacylglycerols). Based on our analysis, we now see two strategies used by 
juvenile salmon in exploration of marine feeding areas and strategies of biochemical adaptation. 
Pink and chum salmon firstly explore an extensive marine area and demonstrate intense foraging 
and then, as they migrate seaward, spend their accumulated energy. Whereas sockeye salmon forage 
within coastal waters and generally accumulate low levels of lipid from the time they enter sea water 
until when they move into offshore ocean waters.  
 
Koval, M.V. and S.L. Gorin. 2013. Influence of the Conditions in the Hairuzova and 
Belogolovaya Estuaries (Western Kamchatka) on Total Pacific Salmon Abundance. NPAFC 
Technical Report 9: 222–227. (Available at www.npafc.org). 
The Hairuzova and Belogolovaya rivers are some of the largest rivers in western Kamchatka. 
However, the total abundance of Pacific salmon in these rivers is much lower than in other 
Kamchatkan rivers of the same size, or even smaller. In July–August 2012 we conducted 
hydrological and ichthyological studies in these rivers and the adjacent waters of the Okhotsk Sea. 
Our studies have shown the following results. (1) The estuaries of the Hairuzova and Belogolovaya 
rivers share some of the same hydrographic characteristics. The zone of salt water intrusion and 
freshwater mixing in the estuaries during summer may be placed at about the same distance (15–30 
km). (2) In the riverine parts of the estuaries, the bottom substrate is heavily silted from 
sedimentation of fluvial material, and silted gravel is not a good substrate for salmon spawning. (3) 
Species composition, abundance, and distribution of all types of juvenile fish in the estuaries have a 
daily variability that depends on tidal phases. (4) Because of the large dimensions of the estuaries 
and high flow speeds during tidal cycles, juvenile salmon probably do not have time to traverse the 
water mixing zones during a single low tidal period. Therefore, salmon juveniles are forced to 
inhabit the stressful conditions in the estuary for a long time period. (5) A high abundance of marine 
mammal salmon predators, such as beluga, Delphinapterus leucas, and spotted seal, Phoca largha, 
is observed in these estuaries throughout the summer. Outside of the Okhotsk Sea, high 
concentrations of marine mammals have been correlated with estuarine habitat characterized by a 
wide, deep seaward opening with many shallow places in the coastal zone where predators can 
effectively hunt for adult salmon. The Hiaruzova and Belogolovaya river–estuaries have the same 
type of habitats capable of supporting high levels of marine mammal salmon predators. In summary, 
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our results suggest that low abundance of salmon in the Hairuzova and Belogolovaya river–estuaries 
might be due to the following factors: (1) absence of spawning grounds in the lower reaches of the 
rivers as a result of heavily sited substrate, (2) high mortality of seaward migrating juvenile salmon 
caused by the large size and extremely strong hydrographic influences of tidal processes of the 
estuary, and (3) high mortality of adult salmon moving through the estuary from consumption by 
marine mammal predators. 
 
 
Koval, М.V. and А.V. Morozova. 2013. Fish fauna, spatial distribution and interspecific food 
relations of abundant fish stocks in the epipelagial of the Kamchatka gulf during growth 
period of juvenile pacific salmons. Collection of scientific papers "The researches of the 
aquatic biological resources of Kamchatka and the north-west part of the Pacific ocean" 31: 
106–121. (In Russian with English abstract). 
Results of the registration trawl surveys made by Kamchatka Research Institute of Fisheries and 
Oceanography in the Kamchatka Gulf in August of 2007 and 2010 have been reported. Species 
compound of the catches, peculiarities of distribution and migration, feeding and interspecific food 
relations of young Pacific salmons and other abundant fish species are described. The obtained data 
shows that the fsh fauna of the epipelagial of the Kamchatka Gulf during the early period of sea 
feeding migration of juvenile salmons may include 25 fsh species, the most abundant of which are 
herring and Alaska pollock. These species are also the most probable rivals of juvenile salmon fish 
in food. The greatest catches of almost all fish species in August are observed in the northern 
Kamchatka Gulf — not far from the mouth of the Kamchatka River. After downstream migration 
from the Kamchatka River (up to the mid–August) there are favorable conditions for growing of 
young salmon in costal water as it has richer food abundance in comparison with the open water 
zone. The following factors (or their sum total) serve as the main reasons why young salmon fish 
remove from the shallow water to the deeper Kamchatka Gulf at the end of August: the average size 
of young fish reaches 10 cm and more; sharp interspecific rivalry in food caused by increasing 
abundance of herring on the shelf during its migration to the Nerpich’e Lake, coastal water 
temperature falls while in open water it rises up to the maximum level creating favorable 
environment for young fish. 
 
Maznikova, O.A. 2013. Results of abundance estimation of juvenile chum salmon in the 
western Bering Sea in fall 2013. Bulletin of Pacific salmon studies in the Russian Far East 8: 
194-196 (In Russian). 
 
Maznikova, O.A. 2013. Distribution of chum salmon juveniles in the southern Sea of Okhotsk in 
the autumn 2012  ."Actual problems of water bioresources conservation" (First school of young 
scientists and experts in fish industry and ecology, dedicated to 100 years from the day of birth 
of professor P.A. Moiseev) Moscow: VNIRO Publ.: 377. (In Russian). 
 
Metalnikova, K.V. 2013. Neurohumoral way of trout secondary sexual characteristics 
determination under methyltestosterone effect. Trudy PINRO. PINRO Publ: 153-167. (In 
Russian). 
 
Morozova, A.V. 2013. Feeding Interactions of Juvenile Pacific Salmon and Other Fish Species 
in the Coastal Epipelagic Zone of Kamchatka. NPAFC Technical Report 9: 127–130. 
(Available at www.npafc.org). 
This research was based on data collected from trawl surveys conducted by the staff of 
KamchatNIRO in June–July 2005–2011 in the coastal waters of Southwest Kamchatka and August 
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2007 and 2010 in the Kamchatsky Gulf (East Kamchatka). There were 25 fish species caught in 
summer surveys of Southwest Kamchatka, and the common species were Pacific sand lance, 
capelin, sandfish, juvenile salmon, walley Pollock, and yellowfin sole.The most frequently caught 
species in surveys off East Kamchatka was Pacific herring. Trophological analysis has revealed 
maximum similarity in the diet of zoophagous species, including sandfish, and coho, Chinook, and 
masu salmon. Although these predators demonstrated different nektonic prey compositions, 
abundant aggregations of sandfish and young salmon were separated spatially. Planktophagous 
species included juvenile chum, pink, and sockeye salmon, sand lance, capelin, young sandfish, and 
pollock, and these species demonstrated low similarity in their diets. Some specific traits of juvenile 
salmon feeding on the two coasts of Kamchatka were revealed. In the coastal waters of Southwest 
Kamchatka, the fish component in the diet played an important role, not only for zoophagous 
salmon (coho and Chinook), but for planktophagous salmon (pink and chum), too. Organisms of the 
neritic complex dominated in the diet. In the coastal waters of East Kamchatka, the component of 
fish prey can be substituted by zooplankton in nekton–feeding fish. Oceanic zooplankton species 
often occur in the diet. Moreover, in the coastal waters of Southwest Kamchatka juvenile sockeye, 
Chinook, and coho salmon prefer to stay near shore until autumn (sockeye and Chinook salmon 
reside about 5–7 months, coho salmon about 2 months). In the Kamchatsky Gulf near shore feeding 
by juvenile salmon lasts about 2.5–3.0 months. We suggest that the difference is due to the different 
geomorphology of juvenile salmon habitats. The west coast of Kamchatka has a developed shelf and 
is highly productive. In summer the coastal habitat provides a favorable environment for mass 
emergence of various fish larvae and for their feeding during early ontogenesis. This characteristic 
can explain the presence of fish prey in the diet of all species of juvenile salmon. The forage 
resources in such habitats are more fully exploited, as the feeding period is longer. The Kamchatsky 
Gulf has a narrow shelf and less forage production as compared to the west coast. Moreover, in the 
last part of August a myriad of Pacific herring move into the gulf, and they have a diet that is very 
similar to that of juvenile salmon. Therefore, young salmon strive to become adapted to explore 
oceanic forage resources quickly and move out of the gulf relatively soon for ocean feeding areas. 
 
 
Radchenko ,V.I., O.S. Temnykh, and A.V. Zavolokin. 2013. Review of Studies on Asian 
Juvenile Pacific Salmon Stocks, 2006-2012. NPAFC Technical Report 9: 1-10 (Available at 
www.npafc.org).  
Studies of Asian juvenile Pacific salmon stocks have been conducted by the national research 
programs of Korea, Japan, and Russia towards achieving the objectives of the NPAFC Science Plan. 
Coastal research has primarily focused on juvenile salmon growth and survival, determining optimal 
marine conditions for release of hatchery fish, collecting data for stock assessment, and studying 
population dynamics. Offshore juvenile salmon surveys have examined the factors driving seasonal 
distribution, interannual changes in migration patterns, growth and survival rates, feeding habits and 
the role of salmon in epipelagic nekton communities, long-term variability in the food supply, and 
the carrying capacity of the North Pacific. Some offshore studies were conducted to investigate 
potential competition and prospects for further salmon hatchery program development, and juvenile 
salmon abundance was monitored annually with the aim of predicting the magnitude of adult salmon 
returns. Based on trawl survey results, the principal areas of juvenile salmon concentrations and the 
autumn migration patterns of various salmon species were identified in the Russian Exclusive 
Economic Zone and beyond. Previous understandings of juvenile salmon biology and ecology in 
winter were enhanced. It was shown that their vertical distribution during winter increased due to a 
more homogeneous structure of surface water masses during that season of year. Marine habitats of 
juvenile Pacific salmon were ranked by the level of biomass, species composition, and duration of 
residence. Due to increased pink salmon abundance of eastern Kamchatka stocks in recent years, the 
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amount of juvenile salmon has increased in western Bering Sea nekton communities since 1980-
2006. The role of salmon in the trophic structure of epipelagic nekton communities has remained 
relatively low, even when there was a high abundance of juveniles. Food resources consumed by 
juvenile salmon were equal to 1-2% of the total macrozooplankton biomass. In the waters of the far-
eastern seas and northwestern Pacific, the food supply for juvenile salmon and micronekton is much 
higher than the total food consumption by epipelagic nekton. Some changes in the prey spectra of 
juvenile Pacific salmon occurred in years of high salmon abundance, but this did not influence the 
growth and survival rates of juveniles. Changes in prey composition can be considered as an 
adaptation in response to variability in feeding conditions. Data collected during autumn juvenile 
pink salmon surveys in the offshore areas of the Okhotsk and Bering seas were utilized to make 
annual forecasts of mature salmon returning to Kamchatka and Sakhalin rivers. This fishery 
management procedure involves estimating the overall abundance of juvenile pink salmon and 
identifying the major regional groupings present in mixed-stock sample. 
 
Safronenkov, B.P. and N.N. Ignatov. 2013. Number and qualitative condition evaluation of 
juvenile Pacific salmon (generation of 2011) reared at the hatcheries of the Magadan region. 
Proceedings of the 2nd international scientific conference “Reproduction of the natural 
populations of valuable fish species”: 339–343. (In Russian). 
41045.1 thousand roes of pink, chum and coho were gathered and incubated in 2011 which made up 
106.1% from the planned quantity. After evaluating the number of juvenile salmon reared at the 
hatcheries of the Magadan region within the period of breeding 2011–2012 and their physiological 
condition we can conclude that general volume of juvenile salmon production remains at a rather 
low level (hatchery full capacity is 120 million of fish per year) in spite of good biological and 
physiological quality of hatchery reared juveniles. That is why in the near future we shall not expect 
big returns of spawners in all basic water basins of the Taui Bay of the Sea of Okhotsk. It 
determines the status of the hatcheries of the Magadan region as salmon fish hatcheries of ecological 
focus that is hatcheries supporting natural spawning at a certain level.   
 
Zavolokin, A.V. 2013. Feeding habits, consumption rates, and growth of juvenile Pacific 
salmon in relation to fluctuations of the forage base and salmon abundance. NPAFC Technical 
Report 9: 97-100 (Available at www.npafc.org).  
Total salmon abundance has increased over the last thirty years. In the 1990s, there was evidence of 
density-dependent effects in some salmon populations that led to conclusions about shortages of 
food resources and overpopulation of the North Pacific by salmon. Over the past decade, Pacific 
salmon abundance has continued to rise. This might cause the intensification of competitive 
interactions between and among salmon species. Based on several trophic features (daily ration, 
stomach fullness, diel feeding rhythm, trophic niche breadth, number of prey, diet overlap, share of 
minor food items), I suggest a food supply index (FSI) to estimate changes in food supply of 
juvenile salmon in relation to the biomass of zooplankton, salmon, and all nekton species in the 
Okhotsk and western Bering Sea in 2001-2010. The FSI correlated negatively (r = -0.78-0.56) with 
juvenile salmon biomass both in the Okhotsk and Bering seas. This means that increases in juvenile 
salmon biomass were accompanied by changes in feeding habits resulting in a switch to minor food 
items (copepods, chaetognaths), widening of trophic niche breadth, change in diet overlap, and/or 
decrease in feeding intensity. Consumption rates of juvenile salmon tended to decrease in years of 
relatively low food supply. Daily rations were lower by 7% in the Bering Sea and by 15% in the 
Okhotsk Sea, though these differences in daily rations between years of low and “normal” FSI were 
insignificant (p = 0.05). Changes in feeding habits and consumption rates seemed not to negatively 
affect juvenile salmon growth. Body size of juvenile salmon did not significantly correlate both to 
their abundance and relative biomass of the forage base. On the contrary, growth of juvenile chum 
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salmon, estimated by scale analysis, tended to be enhanced in years of high salmon abundance. 
Thus, despite increased salmon abundance there were no strong negative consequences for juvenile 
salmon in the Okhotsk Sea and western Bering Sea. Possible strengthening of competition among 
salmon populations was compensated by adaptive changes in their feeding habits. 
 
COMPONENT 2: CLIMATE IMPACTS OF PACIFIC SALMON PRODUCTION IN THE 
BERING SEA (BASIS) AND ADJACENT WATERS 
 
 
Khen, G.V., E.O. Basyuk, N.S. Vanin, and V.I. Matveev. 2013. Hydrography and biological 
resources in the western Bering Sea. Deep-Sea Research II 94: 106-120. 
The variability of temperature, salinity, dissolved oxygen and nutrients (phosphate and silicate) in 
the west Bering Sea in the Russian Exclusive Economic Zone (REZ) since 1950 and the influence of 
these factors on the distribution and dynamics of hydrobionts were studied. Since 1950, the sea 
surface temperature has been gradually increasing, although non-significant cooling occurred in the 
last decade. In contrast, in the 50–200 m depth range, the temperature has been cooling. During the 
last 60 years, the salinity decreased by 0.30, 0.06–0.10 and 0.04 at the sea surface, at the 100–200 m 
layer and at the depth of 500 m, respectively, resulting in a strengthening of the vertical stability and 
weakening of the vertical water exchange. As a consequence, the oxygen concentrations at depths 
down to 1000 m decreased during this period. Phosphate and silicate concentrations increased 
during the last 40 years. The water exchange with the North Pacific (based on the discharge through 
the Kamchatka Strait) from the mid-1960s to the early 1990s was 2-3-fold higher than in the 1950s 
or from the mid-1990s to 2010. During the periods of weakened water exchange, the herring 
population sharply increased, while during periods of strengthened water exchange, pollock biomass 
increased. The increase of codfishes, flounders and sculpin biomass at the sea shelf during the 
second half of the 20th century coincided with sea surface warming. Since 2007, the westward water 
transport from the Aleutian Basin was almost half that during 2002–06, while the northward stream 
from Near Strait noticeably increased. The populations of immature chum, sockeye and chinook in 
the REZ declined because of their weakened input from the US zone, and these species were 
distributed mainly in the northern and eastern Russian waters. Taking into account the cooling since 
the middle of the last decade, the change in the intensity and direction of the Aleutian Low and 
Siberian High trends, and the westward shift of the Aleutian Low, one can hypothesize the possible 
return of the Bering Sea climate to the conditions of the 1960–80s and the corresponding response 
observed in ichthyofauna. 
 
Volkov, A.F. 2013. Relation of Pacific salmon feeding on the state of their forage base. Bulletin 
of Pacific salmon studies in the Russian Far East 8: 58-67 (In Russian). 
 
COMPONENT 3: WINTER SURVIVAL OF PACIFIC SALMON IN THE NORTH PACIFIC 
OCEAN ECOSYSTEM 
 
Figurkin, A.L. and S.V. Naydenko. 2013. Spatial distribution of pink salmon in the Subarctic 
Front zone in winter-spring. Izv. TINRO 174: 69-84. (In Russian with English abstract). 
Spatial distribution of pink salmon and the habitat conditions in the central and western parts of the 
Subarctic Front zone are considered on the data obtained in the winter-spring seasons of 1986–1992 
and 2009–2011. The pink salmon spreads widely in the epipelagic layer of the mixing zone and 
adjacent waters, in the wide range of the sea surface salinity (32.7–34.9 ‰) and sea surface 
temperature (0.5–12.0 °C). Its distribution is determined by shape of the landscape zone favorable 
for its dwelling in winter-spring, so depends on the mode of the western Subarctic gyre in the North-
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West Pacific, on the mode of the Subarctic Front, and on intensity of the ocean branches of the East-
Kamchatka Current and Aleutian Current. Besides, the quantitative parameters of its distribution 
depend on fluctuations of the pink salmon abundance between odd and even years. 
 
Naydenko, S.V. and N.A. Kuznetsova. 2013. Food Supply of Juvenile Pink Salmon in the 
Subarctic Frontal Zone of the Western North Pacific Ocean in the Winter and Spring. NPAFC 
Technical Report 9: 253-254 (Available at www.npafc.org).  
The offshore waters of the North Pacific Ocean are the main areas inhabited by pink and other 
Pacific salmon in winter and spring. In 2009-2011 the Pacific Research Fisheries Center (TINRO, 
Russia) conducted complex research surveys of the marine habitat conditions of Pacific salmon in 
the Subarctic frontal zone of the western North Pacific Ocean. Data on total quantitative estimates of 
nekton biomass, stock of forage resources, and salmon and nekton feeding were analyzed to 
estimate the food supply of salmon (in particular juvenile pink salmon) in this area in the winter and 
spring. It was established that salmon, mezopelagic fish, squids, and subtropical fish (mainly 
Japanese anchovy in transitional subtropical waters) were the main consumers of forage resources in 
the upper epipelagic layer of the western Subarctic frontal zone. The total biomass of nekton was 
193, 38, and 54 thousand tons in 2009, 2010, and 2011, respectively. Juvenile pink salmon 
comprised 30%, 8%, and 15% of the catch in those years. The basic trophic relationships between 
juvenile pink salmon (and other fish and squid) and major zooplankton groups were revealed and the 
daily consumption by nekton of forage resources in the upper epipelagic zone was estimated. Our 
results showed that the trophic links of juvenile pink salmon in winter were directed upon 
consumption of copepods, euphausiids, chaetognaths, hyperiids and pteropods (other prey groups 
had smaller values). The daily consumption of these zooplankton groups by juvenile pink salmon 
varied depending on pink salmon abundance and didn’t exceed 2-14 thousand tons. The daily 
consumption of zooplankton by all nekton in the upper epipelagic zone was 5-20 thousand tons. Our 
estimates for the total biomass of zooplankton in the western Subarctic frontal zone in these years 
were 84-158 million tons, significantly higher than the consumption estimates. These estimates 
show the winter is not period of fasting when food resources are scarce. The feeding activity of 
juvenile pink salmon in this period wasn’t low, the indices of stomach filling (ISF) changed from 5 
to 460 o/ooo (averaging 54-140 o/ooo in different years), but the ISF in winter samples were lower 
than samples collected in fall. The lipid depletion in pink salmon in winter was also lower than in 
fall. We suppose this fact was not only a function of prey quality and quantity. The change in lipid 
signatures of juvenile pink salmon during fall and winter in the ocean could be due to physiological 
processes of salmon that occur during winter. 
 
Zavolokin, A.V. and E.V. Strezhneva. 2013. Size-selective mortality of the Okhotsk Sea pink 
salmon during its winter-spring living in the ocean. Russian Journal of Marine Biology 39(7): 
501-508 (In English). 
The mortality of Sea of Okhotsk pink salmon in the winter and spring varies significantly from year 
to year, which complicates forecasts of its arrival in the following year based on data on the 
downstream migration of fry and surveys in the fall. The size-selective mortality of pink salmon was 
studied and the possibility of using the size and weight parameters of juveniles for predicting their 
return was evaluated through measurements of scale increments in juvenile pink salmon that were 
caught in the southern Sea of Okhotsk in the fall of 2007 and 2008 and in fish of these year classes 
that came back to spawn. In the 2007 year class, which had a low overwinter survival level in the 
ocean, the average scale increments for the first year of life were considerably smaller than those in 
adult fish that returned to the spawning grounds. In the pink salmon of 2008, which had a very high 
level of overwinter survival, the values of scale increments in juveniles and adults were similar. This 
confirms the hypothesis of a critical size and a critical period, according to which slowly growing 
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juveniles that do not accumulate enough energy reserves for summer are eliminated in the winter to 
a greater extent as compared to fast-growing fish. Correlation analysis revealed a significant 
negative relationship between the size and weight of juvenile pink salmon and their mortality in the 
ocean. After conducting further and more extensive studies this will allow using the size parameters 
of juvenile pink salmon as one of predictors of its return for the year following the fall surveys. 
These results emphasize how important it is to take the size and growth rate of juvenile salmon into 
account when forecasting their return. 
 
COMPONENT 4: BIOLOGICAL MONITORING OF KEY SALMON POPULATIONS 
 
Baranov, S.B. 2013. The population of Chum salmon Oncorhynchus keta in the Anadyr river 
basin – Chukotsky region, Russia. NPAFC Technical Report 9: 146–149. (Available at 
www.npafc.org). 
We estimated the abundance dynamics of Anadyr chum salmon by interannual fluctuations of 
commercial fish catches that started a hundred years ago. The largest chum salmon stock on the 
Russian Northeast Asian coast spawns in the rivers of the Anadyr basin at Chukotka. The proportion 
of chum catches in the Anadyr basin is 75.3% in average to all catches of other Pacific salmons in 
Chukotka and is up to 12% by biomass of the total annual catch of chum salmon in the Russian Far 
East. The annual monitoring of Anadyr Chum salmon stock includes recording of commercial and 
non-commercial catches and biological data sampling from adult migrants. The harvest of Anadyr 
chum salmon has been going since 1910. It plays an important role in the traditional life of native 
population in Chukotka. The collected data are essential for accurate estimations of population size 
and quota limits for chum salmon. The Anadyr chum population plays an important role in gene 
pool preservation as a source stock of wild chum salmon in the North Pacific. 
 
Baranov, S.B. and E.V. Golub. 2013. The status of stocks and forecasting Anadyr chum 
salmon. Bulletin of Pacific salmon studies in the Russian FarEast 8: 74–77. (In Russian). 
 
Biological resource fishery in waters around the Kuril Ridge: modern structure, dynamics, 
and basic elements: collective monograph (Ed. A.V. Buslov). 2013. Yuzhno-Sakhalinsk: 
SakhNIRO: 264. (In Russian with English abstract). 
The book is devoted to the modern multiaspect characteristic of the Russian fishery for different 
biological objects inhabiting the Pacific Ocean and Okhotsk Sea waters around the entire Kuril 
Ridge. Besides the general data on catches, it contains information on spatial distribution of fishing 
efforts when catching these or those objects and particular features of fisheries which use different 
gears. A large part of the book includes materials on revealing and analyzing the peculiarities of 
commercial exploitation based on the important biological features of the main commercial objects: 
saury, codfishes, flounders, Pacific salmon, crabs, shellfishes, urchins, and other marine 
hydrobionts. It is the first generalization on capture and marine biology aspects for this large fishery 
region of the Russian east seas. Much information obtained during the recent decades and its 
graphical presentation makes this book easily understood and attractive for the most diverse groups 
of readers. The book is assigned for scientists and specialists in the fisheries science in general and 
in the fishery complex of the Far East in particular, marine biologists, managers and economists, 
students and other persons who are interested in exploitation of marine biological resources.  
 
Bugaev, V.F., and L.A. Bazarkina. 2013. Effects of volcanism on sockeye salmon 
Oncorhynchus nerka abundance in Kamchatka River. Collection of scientific papers 
"Conservation of biodiversity of Kamchatka and coastal waters": 52–66. (In Russian with 
English abstract). 
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Azabachye Lake is the most important sockeye salmon spawning and nursery ground within the 
system of Kamchatka River. There is information that sockeye salmon abundance in the lake 
notably increased as a result of the Lake fertilizing by volcanic ashes from eruptions of Bezymianny 
(1956), Plosky Tolbachik (1975) and Klyuchevskoy (1990) volcanoes. Eruption of Shiveluch 
Volcano on May 9–10, 2004 when the ash layer reached 15–18 mm caused signifcant growth of 
sockeye salmon abundance in Azabachye Lake in 2009–2012 that provided a great contribution to 
the total harvest and catch of sockeye salmon in Kamchatka River during this period. 
 
Chebanova, V.V. 2013. Dynamics of distribution and abundance of macrozoobenthos in the 
lake system Nerpich’e–Kultuchnoe (the Kamchatka River estuary). Collection of scientific 
papers "The researches of the aquatic biological resources of Kamchatka and the north-west 
part of the Pacific ocean" 31: 89-97. (In Russian with English abstract). 
Three areas in the lake system differing by composition and abundance of macrozoobenthos are 
distinguished. Benthos is shown to be more varied and abundant in the areas of intensive and 
moderate water replacement. Accumulation of hydrogen sulfide in the soil prevents benthic fauna 
growth in the area of poor water replacement (northern sector of the Nerpich’e Lake and the hollow 
of the Kultuchnoe Lake). Temporary improvement of ecological conditions as well as settling of 
chironomids in late summer is possible only for the northern sector of the Nerpich’e Lake where 
active wind shuffling reaches its bottom zone. 
 
Frenkel, S.E. 2013. Pelagic zooplankton of estuarine water bodies of the Kamchatka River in 
2009−2011. Collection of scientific papers "The researches of the aquatic biological resources 
of Kamchatka and the north-west part of the Pacific ocean" 31: 74-88. (In Russian with 
English abstract). 
Species composition, seasonal variations in the structure and quantities of pelagic zooplankton of 
estuarine water bodies of the Kamchatka River in 2009–2011 have been studied. Neritic crustaceous 
species never observed here in the middle of the 20th century were found in the zooplankton despite 
no changes in the salinity of the water basins. Rotatoria constituted 60% of the total number of 
zooplankton. Only in winter and spring periods the abundance of crustaceous exceeded the 
abundance of Rotatoria in the sections with medium and strong replacement of water. The present 
research shows that in the years of cold summer a 1–1.5 month retardation of zooplankton’s 
development happens. Average abundance of zooplankton in the Nerpich’e-Kultuchnoe lakes 
network in October of 2009, March, end of June and August of 2010 was 51, 4, 17 and 268 thousand 
units/m3, and the biomass was 107, 9, 47 and 321 mg/m3. At the end-August of 2011 — year of low 
temperatures there were 19 thousand units/m3 and 38 mg/m3. Since the years 1950−1960s of the 
XXth century the food supply of planktivorous fishes in the lakes network has not undergone 
changes. 
 
Golub, E.V. and A.P. Golub. 2013. The research and harvest of the Sockeye salmon and Pink 
salmon in Chukotka in 2013. Bulletin of Pacific salmon studies in the Russian FarEast 8: 68–
73. (In Russian). 
 
Golub, E.V. 2013. The data on biology of the Coho salmon and Chinook salmon from basins of 
Chukotka. Bulletin of Pacific salmon studies in the Russian FarEast 8: 127–133. (In Russian). 
 
Gorin, S.L. and E.A. Shevlyakov. 2013. On the problem of the area of responsibility 
discrimination between regulatory and supervisory fishing control authorities in river mouth 
areas. Fish industry (Rybnoe khozyajstvo) 1: 77-82. (In Russian with English abstract). 
The paper considers major issues of currently plasticized fishery management and protection of 
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aquatic biological resources within river mouth areas. It is shown that the actual regulatory legal acts 
do not provide a strict definition of the boundary between land and sea waters in mentioned tidal 
areas. This situation generates frequent conflict situations between federal authorities and resource 
stakeholders and collisions between regulatory and supervisory federal organs in different 
departments (the Federal Security Service and the Federal Fisheries Agency). Authors suggest a 
possible solution and illustrate it for two river estuaries in West Kamchatka. Besides a discussion of 
the solution, the article also contains several general proposals for improvement of current legal and 
regulatory framework. 
 
Gorin, S.L. 2013. Hydrological–Morphological Processes in the Estuary of the Bol’shoi Vilyui 
River (Eastern Kamchatka Coast). Water Resources. 40(1): 1–15. (In English). 
The results of many-year field studies are used to discuss the issues of formation of the hydrological 
regime and the morphological pattern of the estuary of the Bol’shoi Vilyui R., belonging to the 
subtype of lagoon–lacustrine estuaries. A vast body of factual data, which characterize the estuary 
and the processes taking place in it, as well as the natural conditions under which it exists. 
 
Gorin, S.L. 2013. Present-day morphological structure and hydrological conditions of the 
Kamchatka River estuary. Collection of scientific papers "The researches of the aquatic 
biological resources of Kamchatka and the north-west part of the Pacific ocean" 31: 6-26. (In 
Russian with English abstract). 
Basing on the results of 2009–2010 field studies, detailed characteristics of morphological structure 
and hydrological conditions of the Kamchatka river Estuary (both the whole estuary and its water 
bodies — the Nerpich’e, Kultuchnoe Lakes, side channel Ozernaya and mouth lagoons) are 
discussed. In this connection a lot of facts describing the estuary with its active processeses and the 
estuary’s environmental conditions are given. 
 
Goryainov, A.A., N.I. Krupyanko, and T.A. Shatilina. 2013. Comparative analysis in catch 
dynamics of pink salmon from Amur River and Primorye. Bulletin of Pacific salmon studies in 
the Russian Far East 8: 106-118 (In Russian). 
 
Gritsenko, A.V. and A.N. Elnikov. 2013. About assessment of the catch value of Pacific salmon 
by a yield of hard roes. Fish industry (Rybnoe khozyajstvo) 2: 65-70. (In Russian with English 
abstract). 
The possibility of assessment of the catch value of Pacific salmon by a yield of hard roes using 
seasonal mean value of the yield of the roes is shown. 
 
Gritsenko, O.F. and N.V. Klovach. 2013. Review of a book of V.V.Volobuev, S.L. Marchenko 
"Pacific salmon of the Okhotsk Sea continental coast (biology, population structure, 
abundance dynamics, fisheries)". Journal of Ichthyology 53(2): 251-253. (In Russian). 
 
Kaev, A.M., and L.V. Romasenko. 2013. Characteristics of spawning run and downstream 
migration for pink salmon Oncorhynchus gorbuscha at Kunashir Island in relation to its 
temporal structure. Izv. TINRO 173: 67–76. (In Russian with English abstract). 
Abundance and biological parameters of pink salmon, dynamics of their spawning migration and 
downstream migration of their juveniles are analyzed on the data collected at Kunashir Island (Kuril 
Islands) in 1990-2012.  The species is represented there by two temporal forms: early and late ones, 
which replacement could be observed in spawning runs both at the island and in adjacent areas at 
Iturup Island and southern Sakhalin Island as variations of total catch and the large-sized males 
occurrence. However, relative fecundity of the females does not decline significantly when one form 
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replaces another at Kunashir Island, in contrast to the other areas, because of the following features 
of the pink salmon spawning related to location of Kunashir Island at the margin of its spawning 
area: i) relative fecundity of both temporal forms is similar at Kunashir; ii) both temporal forms are 
low-abundant at Kunashir, whereas the late form dominates at Iturup and south Sakhalin. Year-to-
year changes of the temporal forms ratio are determined mainly by conditions of the freshwater 
period of the species life.  
 
Kaev, A.M. 2013. Some results of pink salmon fishery at the eastern Sakhalin and southern 
Kuril Islands. Bulletin of Pacific salmon studies in the Russian Far East 8: 21–29. (In Russian). 
The ratio of expected and factual approaches, daily catch dynamics and changes in size-sex fish 
composition, approximate ratio of different temporal pink salmon forms in their approaches have 
been studied in different pink salmon fishery areas in the eastern Sakhalin (northeastern and 
southeastern coasts, Terpeniya and Aniva bays) and southern Kuril Islands (Iturup and Kunashir). 
For lack of monitoring in northern Sakhalin resulted in data certainty on reproduction conditions, 
there is a large discrepancy between the catch and forecast estimates. One of the results of fishing 
season is large sizes of fish under their high abundance. The analysis of the long-term changes in 
size composition and returns of pink salmon (from local and total catches in the Okhotsk Sea) has 
revealed a relationship between these parameters, which does not agree with the view point 
indicating a prevalence of the density-dependent factors for pink stocks dynamics. The increase in 
catches at the completing stage of fishery is pointed as a peculiar feature of the past fishing season. 
This means a balance disturbance in male and female ratio at spawning grounds that may result in 
reproduction decline.  
 
Kaev, A.M. and Yu.I. Ignatyev. 2013. Methodical aspects of the hatchery chum salmon 
abundance forecasting in Sakhalin region. Bulletin of Pacific salmon studies in the Russian 
Far East 8: 78–82. (In Russian). 
There is shown that despite the increase in hatchery chum salmon survival in the recent years, its 
interannual fluctuations, along with the poly-age population structure, make a lag forecast based on 
the data of juveniles release and their following mean long-term survival. The calculation algorithm 
that allows us to minimize a lag effect is suggested, however, situations with the trends replacement 
in the long-term changes of broods’ survival still remain a weak point.  
    
Kaev, A.M., V.D. Nikitin, A.P.Prokhorov, A.A. Antonov, A.B. Metlenkov, and G.N. Dzen. 
2013. Biological characteristics of cherry salmon in the rivers of southern Sakhalin. Bulletin of 
Pacific salmon studies in the Russian Far East 8: 141-146 (In Russian). 
Presented study results of cherry salmon in rivers and coastal waters of southern Sakhalin in 2001, 
2003-2006, 2012-2013. Displayed offset timing spawning on a later date in the direction from south 
to north, and the duration of the mass migration depending on the size rivers. Migration intensity 
increased during the second half of the day. Numerically at the beginning migrations dominate 
males. In general, in the population of spawning more females. Age composition is represented by 
two groups (1.1+ and 2.1+). In age groups, how and in general population of spawning, females are 
larger than males. 
 
Karpenko, V.I., L.D. Andrievkaya, and M.V. Koval. 2013. The feeding and growth 
particularities of Pacific salmon in marine waters. Petropavlovsk-Kamchatsky: 
KamchatNIRO Publ.: 304. (In Russian). 
The monograph represents of analysis of the long-term archival information of Laboratory of 
Marine Salmon Investigation of KamchatNIRO, and also results of own study of feeding and growth 
of Pacific salmon during the sea period of life. During the 50-year period of studying the uniform 
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technique of collection, processing and the trophological data analysis was used. In the monography 
described of habitat areas of Kamchatka salmon populations and the basic factors of environment 
influencing for their feeding and growth at sea. The structure of feeding and food requirements of 
five species of Pacific salmon (pink, chum, sockeye, coho and chinook) at different stages of the sea 
period of life was estimated. Long-term dynamics of weight growth of the adult Pacific salmon 
returns to Kamchatka coast was studied. Interspecific food relations of salmon at sea were 
investigated. 
 
Khoruzhiy, А.А., А.V. Zavolokin, А.N. Starovoytov et al. 2013. Pacific salmons in the nekton 
community of the upper epipelagic layer in the North-West Pacific at Kuril Islands in early 
summer of 2012. Izv. TINRO 172: 65–82 (In Russian with English abstract). 
Total abundance and density of nekton in the layer 0–50 m at the Pacific side of Kuril Islands 
estimated by the trawl survey conducted by RV TINRO in June 2 — August 8 of 2012 was the 
lowest for the last 9 years (1.5 t/km 2). The bulk of its biomass was presented by pacific salmons 
(706.7 .10 3 t or 43.6 %), mainly pink salmon, which began its spawning migration (483.3 .10 3 t or 
29.8 %, that is less than in the preceding odd year 2011 but more than in the previous even year 
2010). Other mass species were chum salmon (192.7 .10 3 t or 11.9 % — the highest value, twice 
higher than in 2011) and walleye pollock (381.2 .10 3 t or 23.5 %). Mesopelagic fishes had the 
minimal abundance for the last 9 years (286.8 .10 3 t or 17.7 %), the total biomass of squids was also 
lower than in 2011 (225.3 .10 3 t or 13.9 %) because of the northern squid abundance decreasing. 
 
Khovanskaya, L.L., B.P. Safronenkov, N.N. Ignatov. 2013. Results of comparative evaluation 
of salinity tolerance of wild and hatchery reared salmon. Proceedings of the 2nd international 
scientific conference “Reproduction of the natural populations of valuable fish species”: 434–
438. (In Russian). 
Comparative analysis of the results of salinity tolerance of wild and hatchery reared juvenile chum 
conducted in 2012 allowed to determine physiological adequacy and their readiness for 
smoltification of fish reared at every operational hatchery of the Magadan region. Direct transferring 
of juvenile chum reared at Olskaya experimental production and acclimatization base (OEPAB) 
which are the generation of spawners of exploited and breeding population of Kulkuty river showed 
the survivability at the rate of 98% and of Lankovaya river — 100%. Juvenile chum reared at 
Yansky hatchery gave the survivability at the level of 96.8%. The lowest index of survivability 
(42%) in sea water belong to juveniles of chum reared at Armansky hatchery. Juveniles of wild 
chum from Ola and Taui rivers showed the highest rate of survivability in sea water — 100% (Ola 
juveniles) and 92% (Taui juveniles). 
 
Klovach, N.V. 2013. Pacific salmon – a wonderful natural blessing."Actual problems of water 
bioresources conservation" (First school of young scientists and experts in fish industry and 
ecology, dedicated to 100 years from the day of birth of professor P.A. Moiseev) Moscow: 
VNIRO Publ.: 175-189. (In Russian). 
 
Klovach, N.V. and A.N. El’nikov. 2013. Structure of spawning school of chum salmon 
Oncorhynchus keta from Olutorsky Bay of the Bering Sea (Northeastern Kamchatka). 
Journal of Ichthyology. 53(6): 707-717. (In English). 
Results of studies of spawning chum salmon Oncorhynchus keta (Walbaum) in Olutorsky Bay and 
the Apuka River—the largest river in northeast Kamchatka—inflowing Olutorsky Bay of the Bering 
Sea are presented. It was established that the first individuals of the chum salmon enter the river 
together with early sockeye salmon and chinook salmon in the first ten-day period of June, and 
mass-spawning run takes place in July–August. Analysis of biological characteristics of chum 
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salmon caught in the Apuka River and Olutorsky Bay of the Bering Sea enabled us to reveal the 
inhomogeneity of its spawning school represented by two seasonal forms. 
 
Klovach, N.V. and A.N. El’nikov. 2013. Structure of mature sockeye salmon stock 
(Oncorhynchus nerka) in Apuka River (Northeastern Kamchatka). Collection of scientific 
papers "The researches of the aquatic biological resources of Kamchatka and the north-west 
part of the Pacific ocean" 30: 40-43. (In Russian with English abstract). 
The results of research of sockeye salmon Oncorhynchus nerka (Walbaum) р. Апука — the largest 
river of the North-East of Kamchatka, which flows into the Olyutorsky Bay of the Bering Sea. It is 
established that the herd of Apuka River presented migrants early period of the progress, spawning 
in Vatyt-Gytkhyn Lake, located in the lower part of the basin and of fish of the late timing of the 
implementation, spawning in the upper reaches of the river. Sockeye early period of the progress 
appears in the river with signs of spawning changes and a high value gonado-somatic index (GSI). 
Sockeye later term progress migrates into the river without signs of spawning changes and a 
relatively low-CIO. The size and age composition of the producers of sockeye salmon early and late 
period of the progress varies. (p. 39) 
 
Klovach, N.V., A.N. Elnikov, and A.V. Gritsenko. 2013. Structure of spawning stocks of four 
Pacific salmon species of the Olutorsky Bay (Bering Sea, North-East Kamchatka). NPAFC 
Doc. 1488. 24 pp. (Available at www.npafc.org). 
The paper describes data characterizing structure of spawning stocks of pink salmon O. gorbuscha, 
chum salmon O. keta, sockeye salmon O. nerka, and chinook salmon O. tshawytscha from the rivers 
inflowing the Olutorsky Bay of the Bering Sea (North-East Kamchatka). Intraspecific forms were 
revealed in chum, sockeye, and chinook salmon populations that are reproduced in the rivers 
inflowing the Olutorsky Bay. The existence of the forms helps to maintain high abundance of the 
species in changing environments and indicates the fact that the North-East of Kamchatka allocated 
in periphery of pacific salmon areal is an area of ecological optimum for chum, sockeye and chinook 
salmon. 
 
Koval, M.V., E.V. Lepskaya, V.A. Dubynin, S.V. Shubkin, and S.A. Travin. 2013. Experience 
of hydroacoustic studies of Pacific salmons in the pelagial of some Kamchatka lakes. Bulletin 
of Pacific salmon studies in the Russian Far East 8: 207–225. (In Russian). 
 
Makeyev, S.S., A.A. Zhivoglyadov, A.Yu. Semenchenko and P.S. Rand. 2013. Application 
experience of rotary screw smolt trap on the Sakhalin rivers. Transactions of the Sakhalin 
Research Institute of Fisheries and Oceanography «Water life biology, resources status and 
condition of inhabitation in Sakhalin-Kuril region and adjoining water areas» 14 (In Russian). 
The main work results of rotary screw trap (RST) produced by EG Solution (USA) in two southern 
Sakhalin rivers in 2008 and 2010 years are presented. The recommendations for arrangement and 
application of trap for different objectives are given: accounting masu and commercial salmon 
species smolts, as well as study of migration activity of other fishes. Migration conditions of masu 
smolts are studied. The estimations of masu smolts total number in the Taranay River (2008) — 
28520 samples and in Bystraya River (2010) — 43000 samples are quoted. A masu smolts 
distribution by length is showed. The opportunities for studying local migrations of resident fishes 
are demonstrated. 
 
Marchenko, S.L., V.V. Volobuev, D.V. Makarov. 2013. Biological structure of Coho 
Oncorhynchus kisutch (Walbaum) of the continental sea-shore of the Sea of Okhotsk. 
Collection of scientific articles «Studies of aquatic biological resources of Kamchatka and 
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Northwest Pacific Ocean» 29: 70–83 (In Russian with English abstract). 
Coho takes the third place in stock abundance of salmon in the water basins of the continental sea-
shore of the Sea of Okhotsk. Analysis of the age structure of coho populations is conducted and 
geographical peculiarities of this index are revealed in the article. Size, weight structure and indexes 
of fertility of Okhotomorsk coho are studied. It is determined that all these indexes yield to Sakhalin 
coho. Okhotomorsk coho has a bigger value of fertility though average indexes of the character do 
not exceed the indexes of a number of Asian stocks. 
 
Markovtsev, V.G. 2013. About making hatchery chum salmon stocks in the North Prymorye 
Rivers. Bulletin of Pacific salmon studies in the Russian Far East 8: 172-175 (In Russian). 
 
Naydenko, S.V. and A.A. Khoruzhiy. 2013. Forage base and trophic structure of nekton 
communities in the upper epipelagic zone in the Pacific waters off Kuril Islands in summer of 
2000s. Bulletin of Pacific salmon studies in the Russian Far East 8: 119-126 (In Russian). 
 
Ostrovsky, V.I. 2013. Factors controlling the chum salmon (Oncorhynchus keta) juvenile 
abundance in the Mi Rive. Izv. TINRO 172: 94–105. (In Russian with English abstract). 
Multiplicative model is developed on the basis of multiple nonlinear regression that describes the 
dependence of chum salmon juveniles abundance in the Mi River flowing to the Amur Liman on 
their parents number and some meteorological factors. The number of spawners is the main 
contribution. Other significant contributions are precipitation values in the spawning season 
(October) and in the time of downstream migration (May). Possible mechanisms of these 
correlations are discussed. Negative anomalies of the precipitation prevailed in the area of the Mi 
before 1974, and positive anomalies prevails since that time, so recent conditions are favorable for 
the chum salmon reproduction. The precipitation dynamics correlates positively with the dynamics 
of global air temperature with removed linear trend. 
 
Pogodaev, E.G. 2013. Spatial distribution and stock abundance dynamics of sockeye salmon 
local stocks in the northern commercial fishery districts of Kamchatka region. Collection of 
scientific papers "The researches of the aquatic biological resources of Kamchatka and the 
north-west part of the Pacific ocean" 30: 28–38. (In Russian with English abstract). 
Comparative characterization of some local stocks of sockeye salmon in the West Bering Sea zone, 
Karaginskaya and West Kamchatkan subzones is provided. Spatial distribution and contribution of 
particular watersheds in sockeye salmon general structure in the northern commercial fishery 
districts are estimated on the base of collected long–term data on the escapement density and catch. 
It is found that visible domination of sockeye salmon of the North East in major population 
parameters has provided not only a result of high local concentration of sockeye salmon watersheds, 
but rather due to a number of nursery sockeye salmon lakes in the systems. 
 
Pospekhov, V.V. 2013. Helminthes and parasitic crayfish of the lake – Chukcha river system 
(water basin of the Taui river, the Sea of Okhotsk). Izv. TINRO 172: 165–172. (In Russian 
with English abstract). 
Parasitologic study (helminthes, parasitic crayfish) of fish of the lake-river system Chukcha in the 
water basin of the Taui river (the Sea of Okhotsk) has been conducted. Our observation revealed 26 
parasites at 8 fish species (3 of copepods and 23 of helminthes) which belong to 20 genera, 19 
families, 12 orders, 6 classes and 4 types of animal kingdom. The biggest amount of species is 
represented by trematodes (11), cestodes (5), proboscis worms (4), nematodes and copepods (3 of 
each). Our research showed that helminthic fauna of grayling and kundscha of the lake–river system 
Chukcha is in many ways alike. Taking into consideration the content of these fish stomachs and 
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their infection rate by parasites we may conclude that graying of this lake–river system is a typical 
euryphag and kundscha is a predator. 
 
Pospekhov, V.V., G.I. Atrashkevitch, O.M. Orlovskaya. 2013. Helminthes and parasitic 
crustaceans of diadromous chars (Salmonidae: Salvelinus) of the northern part of the Sea of 
Okhotsk. Izv. TINRO 174: 1–26. (In Russian with English abstract). 
For the first time generalized data on helminthes and parasitic crustaceans of the three species of 
diadromous chars from the northern part of the Sea of Okhotsk — Dolly Varden char (S. malma), 
Levanidov’s char (S. levanidovi) and whitespotted char (S. leucomaenis), have been represented. In 
general, 55 species of parasites are determined: 52 species of helminthes, referring to 43 genera, 30 
families, 5 classes, 3 types — Plathelminthes, Nemathelminthes, Acanthocephales, and, besides, 3 
species of parasitic copepods, of 2 genera, 2 families of Crustacea class, Arthropoda type. 
Trematodes are the most diverse — 22 species, 17 genera, 12 families. Number of cestodes (12 
species, 9 genera, 8 families) and nematodes (12 species, 12 genera, 7 families) are practically the 
same. Number of acanthocephalans is considerably less (6 species, 5 genera, 3 family, 2 classes). 
According to ecological groups, parasites of diadromous chars are divided as follows: 29 species of 
the freshwater parasites (6 cestodes, 10 trematodes, 8 nematodes, 3 acanthocephalans and 2 
copepoda) and 25 species of the marine parasites (5, 12, 4, 3 and 1, correspondingly), and one 
species (cestode Diphyllobothrium luxi) of indefinite ecological status. Helminthes of 11 species are 
noted to have medical and veterinary significance. 
 
Rudakova, S.L. and E.V. Bochkova. 2013. The modern approach to monitoring of prevalence 
a infection haemopoetic necrosis virus (IHNV) in the Kamchatka populations of sockeye 
salmon Oncorhynchus nerka (Salmoniformes, Salmonidae). Voprosi Ribolovstva 14, №3(55): 
496–509. (In Russian with English abstract). 
 
Sergeenko N.V., T.V. Gavruseva, E.A. Ustimenko, E.V. Bochkova, L.V. Ovcharenko, S.L. 
Rudakova, and E.A. Gritskih. 2013. Composition and distribution frequency of pathogen 
species in sockeye salmon in spawning-nursery lakes of Kamchatka. Collection of scientific 
papers "The researches of the aquatic biological resources of Kamchatka and the north-west 
part of the Pacific ocean" 29: 137–147. (In Russian with English abstract). 
This paper gives the results of comprehensive ichtio–pathological investigation of sockeye salmon 
(Oncorhynchus nerka) from the feeding–spawning lakes of Kamchatka (Nachikinskoye, Kurilskoe, 
Azabachie) conducted between2004 and 2010. The information on describes the species 
composition, the prevalence of infectious and parasitic agents, as well as their impact on the health 
of fish. The investigation identified reserves distressed by a particularly dangerous infections, that 
can affect the populations of sockeye salmon. 
 
Sergeenko, N.V., and E.A. Ustimenko. 2013. Microflora of Pacific salmon and waters from 
graziery-spawning reservoirs of Kamchatka. Materials of KamchatNIRO reporting session 
"The results of research works in 2012": 317–323. (In Russian). 
 
Shevlyakov, E.A. 2013. Structure and dynamics of coastal illegal fishing of Pacific salmon in 
Kamchatka nowadays. Ribnoye Hozyaistvo 2: 58–65. (In Russian). 
Analysis of illegal fishing in Kamchatka today is provided. Structure of current illegal, unreported 
and unregulated (IUU) fishing is compared to the structure for previous period from 1990 to 2008. A 
positive trend (reduction) is noted in the share of the illegal catch in the total catch of Pacific salmon 
in Kamchatka. At the same time some other new forms of illegal exploiting salmon resource get 
revealed, including excessive (over the limits) catch of salmon by tribal communities or 
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representatives of associated indigenous people of the North, Siberia and Far East of the RF. Some 
directions in improvement of legal and regulatory framework, determining interactions in mentioned 
field, are proposed. 
 
Shevlyakov, E.A., S.V. Shubkin, V.A. Dubynin, K.M. Malykh, E.V. Golub, E.P. Golub, A.M. 
Kaev, and M.V. Koval. 2013. Techniques of the accounts of Pacific salmon spawners on the 
spawning grounds and during anadromous migrations in the rivers. Bulletin of Pacific salmon 
studies in the Russian Far East 8: 36–57. (In Russian). 
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catches of Pacific salmon in the Kamchatka region in 2013. Bulletin of Pacific salmon studies 
in the Russian Far East 8: 11–20. (In Russian). 
 
Shevlyakov, E.A., V.A. Dubynin, Z.K. Zorbidi, L.A. Zavarina, T.A. Popova, N.B. Artuhina, 
S.L. Gorin, and O.O. Koval. 2013. Modern state of salmon complex in the Bolshaya River 
(West Kamchatka): reproduction, fishery, management. Izv. TINRO 174: 3–37. (In Russian 
with English abstract). 
Commercial importance of the salmon fishery in the Bolshaya River has been reduced considerably, 
as compared with the period before 1950s. Biological parameters of the pacific salmons are 
considered and dynamics of their stocks are analyzed to find possible reasons of this reducing. 
Besides, dynamics of the salmons catch are analyzed in details for the last two decades, by types of 
fishing gears, with evaluation of each gear contribution to total landings from the Bolshaya. 
Anthropogenic impact is determined as the main factor of negative influence on salmon populations 
in the river. Complex of measures to restore and sustain the salmons resources in the Bolshaya River 
is proposed. 
 
Shuntov, V. P. and O. S. Temnykh. 2013. Illusions and realities of the ecosystem approach to 
the study and management of marine and oceanic biological resources. Russian Journal of 
Marine Biology 39(7): 455-473 (In English). 
The scientific and applied problem of the ecosystem approach to the management of marine 
biological resources arose during the last quarter of the 20th century as a component of the Rational 
Nature Use Concept. This occurred mostly because the existing fishery rules and concepts of the 
optimum yield theory, which were introduced in the practice of fishery regulations, have proven to 
be insufficiently effective to conserve biological resources and provide stability of the fishery 
resource base. The ecosystem approach to biological-resource management implies a change of the 
autecological studies of commercial stock units (populations) and the managerial single-species 
models for the sustainable-sized management, taking the impacts of the fishery on marine 
ecosystems into account, as well as those of marine ecosystems on the fishery. At present, the 
ecosystem-based biological-resource management includes a complex of ecological topics and 
issues, such as biodiversity conservation, effect of climate changes, sustainability of stocks and 
communities, interspecies relationships, multi-species fishery, conservation of rare species, 
protection of especially important water bodies and landscapes, biotope degradation, anti-pollution 
measures, invasive species, ranching aquaculture, genetic diversity, etc. The main current problem, 
besides insufficient knowledge of many of these issues, is how to practically integrate such a large 
number of parameters into the management system. Thus, the complicated and long-term problem of 
ecosystem management of marine biological resources should be solved step-by-step, following the 
progress in the technical capabilities and concepts of natural processes. As well, certain better-
studied elements of the ecosystem approach should be implemented first in the practice of 
management, while taking the regional specifics into account. 
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Smilyanski, I.K., and A.V. Artyukhin. 2013. On the possibility of quickened coho breeding 
(Oncorhynchus kisutch) at cold-water hatcheries of the Magadan region. Proceedings of the 2nd 
international scientific conference “Reproduction of the natural populations of valuable fish 
species”: 379–383. (In Russian). 
A special line of closed type with the function of warming the water in hatchers and reservoirs was 
assembled at Olski hatchery in 2011 as an experiment. The aim of the experiment was to receive 
accelerated juveniles of coho with high size and weight indexes and to evaluate higher temperature 
influence on their growth and development. The results revealed that if to keep favorable for larvae 
and hutchlings constant temperature from the beginning of roe planting till their release into the 
water basins it is possible to obtain rather large and qualitative juveniles of coho even in the 
conditions of cold-water hatcheries.  
 
Starovoytov, A.N., S.V. Naydenko, A.A. Khoruzhiy et al. 2013. Composition and structure of 
nekton communities in Russian waters of the Japan Sea in May 2013. Bulletin of Pacific 
salmon studies in the Russian Far East 8: 176-186 (In Russian). 
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nekton and macroplankton communities in the upper epipelagic zone in the Northwestern 
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187-193 (In Russian). 
 
Temnykh, O.S. 2013. Trends in pink salmon catches in the Northwestern Pacific Ocean based 
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240 (In Russian). 
 
Ulatov A.V. 2013. Ecology-fisheries estimation of influence of building, reconstruction and 
major overhaul of the main gas pipeline on locations of crossing with the salmon spawning 
rivers of high fisheries importance. General riches of human knowledge: the Collection of 
materials of XXX Krasheninnikovsky readings: 275–279. (In Russian). 
 
Yarzhombek, А.А. 2013. Behavior of salmonid fishes (Salmoninae). Problems of fisheries. 
14(3)(55): 387-405. (In Russian). 
It was demonstrated in the article that agonistic and aggregating behavior appears in different 
species with varying degree. The behavior changes also in different ontogeny stages and depends on 
external affects and artificial conditions of housing. 
 
Zakharova, O.A. and V.F. Bugaev. 2013. On duration of freshwater period of West 
Kamchatka masu salmon Oncorhynchus masou. Izv. TINRO 175: 110–126. (In Russian with 
English abstracts). 
Scale structure of juvenile masu salmon from the rivers Bolshaya, Kikhchik, and Kol’ (West 
Kamchatka) is investigated during “growth” and “no growth” periods in 2009–2012. The first 
scleritis bounding the central plate of their scale forms at the average body length 48 mm that is 
much larger than for other pacific salmon species. The scale growth resumes after wintering and 
annuli form in late May — early June. Any additional zones of close sclerites don’t form during the 
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growth period. V.F. Bugaev (1978) hypothesis on two–year freshwater period of masu salmon at 
West Kamchatka is confirmed. 
 
Zaporozhets, O.M. and G.V. Zaporozhets. 2013. Structure of sockeye salmon stocks in 
Bolshaya River basin (Western Kamchatka) in 1986–2012. Collection of scientific papers 
"Conservation of biodiversity of Kamchatka and coastal waters": 107–116. (In Russian with 
English abstract). 
The structure of sockeye salmon stocks of Bolshaya River basin and biological characteristics of 
individuals of different ecological forms (lake and river) and races (early and late) in 1986–2012 are 
considered. It has been shown that the sizes and weight of adults in river form significantly more 
than lake, and early (spring) race – more small than late (summer) one. Sizes, weight and fecundity 
of sockeye salmon in both races decreased during the investi–gated period. The age of return for 
spawning in summer sockeye salmon has a negative trend, and this trend was not revealed for spring 
race; this indicator in sockeye salmon of Malkinsky SH is less than in sockeye salmon from SH 
«Ozerki» and in wild individuals of Bystraja River. Fresh-water age structure of adult sockeye 
salmon from samples of river and sea catches in estuary of Bolshaya River was compared with 
individuals of the Kuril Lake for the same years. The analysis has revealed that the share of 
«another's» individuals in sea nets does not exceed 15%. An abundance of sockeye salmon stock in 
Bolshaya River as a whole had a positive trend, at the same time commercial removal considerably 
exceeded an escapement for spawning that was an evidence of irrational use of this stocks. 
 
Zaporozhets, O.M., G.V. Zaporozhets, and Zh.Kh. Zorbidi. 2013. Stock dynamics and 
biological parameters of pacific salmons in the Bolshaya River (West Kamchatka). Izvestiya 
TINRO 174: 38–68. (In Russian with English abstracts. 
In the Bolshaya River basin, the runs of pink salmon spawning in even years are the most abundant, 
the runs of sockeye, chum, and coho salmons are lower, and the runs of chinook salmon are the 
lowest. Recently the catches of these species exceed strongly their escapement: the portion up to 
96% of the runs to the river mouth is withdrawn. Body size of chum, sockeye, coho, and chinook 
salmons in the Bolshaya River decreased in the last two decades. Artificial salmon populations in 
the Bolshaya demonstrate reduction of their age spectra (visible in less number of the age classes) 
that means growing ecological risks. 
 
Zhivoglyadov, A.A., A.A. Antonov, V.А. Rudnev and Kim Khe Yun. 2013. Variations of 
reproduction efficiency of pink salmon Oncorhynchus gorbuscha (Walbaum) and chum 
salmon Oncorhynchus keta (Walbaum) at spawning grounds of Sakhalin Island rivers. 
Problems of fisheries 14(2): 242–258. (In Russian). 
The results of studying the efficiency of reproduction of pink salmon Oncorhynchus gorbuscha and 
chum salmon Oncorhynchus keta in the Southern Sakhalin in 2007-2011 are represented. 
Statistically authentic distinctions in efficiency of pink salmon and chum salmon reproduction on 
spawning grounds of different channel zones are revealed. It is shown that the lowest indicators of 
embryonic stages survival rate are dated for spawning areas of a flat rivers part. 
 
COMPONENT 5: DEVELOPMENT AND APPLICATIONS OF STOCK IDENTIFICATION 
METHODS AND MODELS FOR MANAGEMENT OF PACIFIC SALMON 
 
Chistyakova, A.I., and A.V. Bugaev. 2013. A portion of the industrial pink and chum salmon 
juveniles during period of postkatadromous migrations in the Okhotsk Sea in 2012. Bulletin of 
Pacific salmon studies in the Russian Far East 8: 150–171. (In Russian). 
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Chistyakova, A.I., R.A. Shaporev, and A.V. Bugaev. 2013. Use of the otolith complex method 
for stock identification of juvenile pink and chum salmon in the offshore waters of the 
Okhotsk sea during postcatadromous migrations. NPAFC Technical Report 9: 54–58. (Available 
at www.npafc.org). 
Differentiation of Pacific salmon mixed feeding or migrating aggregations into separate stocks 
within a species is always a challenge. Among the different methods for differentiating stocks, we 
selected a method based on otolith structure and applied it to separate mixed marine aggregations of 
juvenile pink and chum salmon in the Okhotsk Sea. As a result of the research, we obtained some 
baseline information of otolith microstructure phenotypes of pink and chum salmon from regions of 
the Okhotsk Sea, including West Kamchatka, Sakhalin, and the continental coast. The resolution 
ability of the baseline models was estimated by simulation. The average accuracy of estimation for a 
given pool of baselines was about 90% for pink salmon and 80% for chum salmon. These 
simulations indicated the baseline models we used were able to provide identification based on 
otolith structure of the regional origin of juvenile pink and chum salmon with a high level of 
resolution. Based on the baselines, we identified the regional stock complexes of postcatadromous 
pink andchum salmon collected during the trawl survey cruise of the R/V Professor Kaganovsky in 
autumn 2011. 
 
Chistyakova, A.I. and A.V. Bugaev. 2013. Using the results of otolith marking for 
determination of origin and migration routes for hatchery juvenile pink and chum salmons in 
the Okhotsk Sea in autumn period. Izv. TINRO 174: 77–102 (In Russian with English abstract). 
Structure of otholits is investigated for pink and chum salmons juveniles in the catches of trawl 
survey conducted by RV Professor Kaganovsky in the Okhotsk Sea in September–November 2011, 
in total 950 pairs of pink salmon otoliths and 1600 pairs of chum salmon otoliths. Among them, 30 
individuals of pink salmon and 42 individuals of chum salmon were found with the code marks 
made in several Russian and Japanese hatcheries (pink salmons with the marks of 2 hatcheries in 
Sakhalin and 2 hatcheries in Iturup Island and chum salmons with the marks of 16 hatcheries, 
including 3 in Sakhalin, 1 in Iturup, 1 in the Amur River Basin, 1 in the northern Okhotsk Sea coast, 
8 in Hokkaido, and 2 in Honshu). Schemes of the most likely migration routes are built. Juveniles 
from the group of hatcheries in the southern Okhotsk Sea (Sakhalin, Iturup, Hokkaido, and Honshu) 
have similar north–eastward migration to the coast of West Kamchatka up to 55–56 oN determined 
by water circulation. The otolith marking on hatcheries should be continued for identification of all 
salmons origin that gives reliable data about their stocks ratio necessary for fisheries forecasting. 
 
Khrustaleva, A.M., O.F. Gritsenko, and N.V. Klovach. 2013. Single-nucleotide polymorphism 
in populations of sockeye salmon Oncorhynchus nerka from Kamchatka Peninsula. Russian 
Journal of Genetics 49(11): 1155-1167. (In English). 
The genetic variability of 45 single-nucleotide polymorphism loci was examined in the four largest 
wild populations of sockeye salmon Oncorhynchus nerka from drainages of the Asian coast of the 
Pacific Ocean (Eastern and Western Kamchatka). It was demonstrated that sockeye salmon from the 
Palana River were considerably different from all other populations examined. The most probable 
explanation of the observed differences is the suggestion on possible demographic events in the 
history of this population associated with the decrease in its effective number. To study the origin, 
colonization patterns, and evolution of Asian sockeye salmon, as well as to resolve some of the 
applied tasks, like population assignment and genetic identification, a differential approach to SNP-
marker selection was suggested. Adaptively important loci that evolve under the pressure of 
balancing (stabilizing) selection were identified, owing to this fact the number of loci that provide 
the baseline classification error rates in the population assignment tests was reduced to 30. It was 
demonstrated that SNPs located in the MHC2 and GPH genes were affected by diversifying 

 20 



selection. Procedures for selecting single-nucleotide polymorphisms for phylogenetic studies of 
Asian sockeye salmon were suggested. Using principal-component analysis, 17 loci that adequately 
reproduce genetic differentiation within and among the regions of the origin of Kamchatka sockeye 
salmon were selected. 
 
Pilganchuk, O.A., and N.Y. Shpigalskaya. 2013. Genetic differentiation of sockeye salmon 
Oncorhynchus nerka (Walbaum, 1792) populations of eastern Kamchatka. Russian Journal of 
Marine Biology 39(5): 371–379. (In Russian with English abstract). 
The interpopulation differentiation of the sockeye salmon Oncorhynchus nerka (Walbaum) from the 
Olyutorskiy and Karaginskiy districts and from the Kamchatka River basin was examined based on 
the allelic variation at eight microsatellite loci (Ots107, Oki1a, Oki1b, One104, One109, OtsG68, 
OtsG85, and Oki6). The genetic diversity of samples from the northern rivers was lower, compared 
to samples from the Kamchatka River basin. Significant heterogeneity was found in the allele-
frequency distribution at microsatellite loci of sockeye salmon from the investigated localities. The 
degree of genetic similarity of populations corresponded to their geographic closeness. The 
differences between population groups greatly exceeded the level of interpopulation differentiation. 
The analyzed samples formed four relatively separate groups: Lake Azabachye, Kamchatka River 
basin, Karaginskiy area (including the Navyrinvayam River in the south of the Olyutorskiy district), 
and northern Olyutorskiy area. The identification likelihood estimates of eastern Kamchatkan 
sockeye salmon in mixed aggregations at the level of population groups were fairly high (67.2–
81.8%), greatly exceeding the accuracy of identification of individual populations. 
 
Pilganchuk, O.A., N.Y. Shpigalskaya, V.V. Savenkov, O.N. Saravansky, G.V. Bazarkin, and 
A.N. Elnikov. 2013. Microsatellite DNA variation in sockeye salmon Oncorhynchus nerka 
(Walbaum, 1792) populations of eastern Kamchatka. Russian Journal of Marine Biology 
39(4): 272–280. (In Russian with English abstract). 
The interpopulation differentiation of the sockeye salmon Oncorhynchus nerka (Walbaum) from the 
Olyutorskiy and Karaginskiy districts and from the Kamchatka River basin was examined based on 
the allelic variability of eight microsatellite loci (Ots 107, Oki 1a, Oki 1b, One 104, One 109, OtsG 
68, OtsG 85, and Oki 6 ). The genetic diversity of samples from the northern rivers was lower, 
compared to samples from the Kamchatka River basin. Significant heterogeneity was found in the 
allele frequency distribution of microsatellite loci of sockeye salmon from the investigated localities. 
The degree of genetic similarity of populations corresponded to their geographical closeness. The 
differences between population groups greatly exceeded the level of interpopulation differentiation. 
The analyzed samples formed four relatively separate clusters: Lake Azabachye, Kamchatka River 
basin, Karaginskiy area (including the Navyrinvayam River in the south of the Olyutorskiy district), 
and northern Olyutorskiy area. The estimates of the identification likelihood of eastern Kamchatkan 
sockeye salmon in mixed aggregations on the level of population groups were fairly high (67.2–
81.8%), greatly exceeding the accuracy of identification of individual populations. 
 
Rastjagaeva, N.A. 2013. Some results of identification of Pacific salmon of a various origin and 
definition of their age structure by different methods. Vestnik KamchatGTU 23: 72-77. (In 
Russian). 
 
Shpigalskaya, N.Y., U.O. Muravskaya, A.I. Kositsina, and A.V. Klimov. 2013. Genetic 
identification of Okhotsk Sea juvenile pink salmon mixed-stock aggregations during the early 
marine period of life. NPAFC Technical Report 9: 45–48. (In English). 
Pink salmon is the most abundant Pacific salmon species and one of the most important components 
of the North Pacific and Bering Sea ecosystems. Postcatadromous juvenile pink salmon leave 
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coastal waters for winter foraging in ocean areas after a short stay near the coast. Here we present 
results of juvenile pink salmon regional stock identification by RFL (restriction fragment length 
polymorphism) analysis of the mtDNA Cytb/D-loop region. Samples from 915 juvenile pink salmon 
were obtained from two autumn trawl surveys in 2011 (53ºN–56ºN, 148ºE–155ºE in September and 
49ºN–54ºN, 145ºE–151ºE in October). The baseline data we used were the composite haplotype 
frequencies in samples of adult even–year broodlines of pink salmon from twenty–four rivers of the 
Okhotsk Sea basin (1500 individuals in total). Simulations using a 100% composition of each stock 
in four regions indicated high estimated identification accuracies, which averaged 83.7% for West 
Kamchatka, 83.2% for Sakhalin, 64.5% for Primorye, and 67.3% for northern Okhotsk Sea coast 
pink salmon. Grouping the northern pink salmon populations (West Kamchatka and northern 
Okhotsk Sea coast) and southern populations (Sakhalin and Primorye) increased accuracy to 91.1% 
and 86.2%, respectively. Results indicated the dominance (> 60% in mixed juvenile aggregations) of 
pink salmon populations originating from the southern part of the Okhotsk Sea basin were found in 
the northern part of study area in September. In October the portion of southern pink salmon 
populations in the mixture in this area had decreased to 45% (northern populations from West 
Kamchatka and northern Okhotsk Sea coast dominated in the mixture). These results can be used to 
determine the migration routes and timing of juvenile pink salmon originating from different regions 
and to provide abundance assessments for pink salmon stocks in mixed–stock marine aggregations. 
 
Shubina, E.A., M.A. Nikitin, E.V. Ponomareva, D.V. Goryunov, and O.F. Gritsenko. 2013. 
Comparative study of genome divergence in salmonids with various rates of genetic isolation. 
International Journal of Genomics. (Available at http://www.hindawi.com/journals/ijg/). 
The aim of the study is a comparative investigation of changes that certain genome parts undergo 
during speciation. The research was focused on divergence of coding and noncoding sequences in 
different groups of salmonid fishes of the Salmonidae (Salmo, Parasalmo, Oncorhynchus, and 
Salvelinus genera) and the Coregonidae families under different levels of reproductive isolation. 
Two basic approaches were used: (1) PCR-RAPD with a 20–22 nt primer design with subsequent 
cloning and sequencing of the products and (2) a modified endonuclease restriction analysis. The 
restriction fragments were shown with sequencing to represent satellite DNA. Effects of speciation 
are found in repetitive sequences. The revelation of expressed sequences in the majority of the 
employed anonymous loci allows for assuming the adaptive selection during allopatric speciation in 
isolated char forms. 
 
Stekol’schikova, M.Yu., and E.G. Akinicheva. 2013. Some results of studying the returns of 
Aniva pink salmon marked at the hatcheries in 2009–2011. Bulletin of Pacific salmon studies 
in the Russian Far East 8: 134–140. (In Russian). 
The results of identification of the marked fish in pink salmon returns to Sakhalin and Iturup islands 
in 2010–2012 showed that the meeting area for salmon released from the hatcheries “Aniva” and 
“Taranai” includes a southern part of the Terpeniya Bay coast and that of the total southern 
Sakhalin.  In 2012, a proportion of hatchery fish from catches at different coastal sites was 
ascertained to be different: southern coast of Terpeniya Bay ― 1.1 %, southeastern coast of 
Sakhalin Island ― 6.5 %, eastern coast of Aniva Bay ― 16,9 %, western coast of Aniva Bay and 
southwestern coast of Sakhalin Island ― 5.2 %.  In the course of spawning run, a temporal trend is 
traced in wild and hatchery pink salmon ratio dynamics: a proportion of hatchery fish increases. The 
hatchery fish straying to “wild” rivers within their entire distribution area is revealed (the marked 
fish percentage from samples varied between 0 and 13.5 %). The proportion of marked fish in 
samples taken from the monitoring hatchery rivers at the end of spawning migration reached 30%. 
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Spatial distribution of pink salmon in the Subarctic Front zone in winter and spring1 
 
 

ABSTRACT 
 

Spatial distribution of pink salmon and the habitat conditions in the central and 

western parts of the Subarctic Front zone are considered on the data obtained in the 

winter-spring season of 1986–1992 and 2009–2011. The pink salmon spreads widely in 

the epipelagic layer of the mixing zone and adjacent waters, in the wide range of the 

salinity (32.7–34.9 ‰) and sea surface temperature (0.5–12.0 °C). Its distribution is 

determined by shape of the landscape zone favorable for its dwelling in winter-spring, so 

depends on the mode of the western Subarctic gyre in the North-West Pacific, on the 

mode of the Subarctic Front, and on intensity of the ocean branches of the East-

Kamchatka Current and Aleutian Current. Besides, the quantitative parameters of its 

distribution depend on fluctuations of the pink salmon abundance between odd and even 

years. 

 

Keywords: Subarctic Front, Western Subarctic Cyclonic Gyre, pink salmon, 

spatial distribution, abundance, sea surface temperature, salinity, landscape zone. 
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INTRODUCTION 
 

Offshore waters of the North Pacific (NP) are the main ocean habitation area of 

the Pacific salmon during winter-spring periods (Birman, 1985; Pacific Salmon … 1991; 

Shuntov and Temnykh 2008, 2011). This area is a continuous aquatic area situated 

between 38° and 50° N and includes the area of the Subarctic Front (SF), where waters 

differing in their origin and thermohaline characteristics are mixed. The distribution of 

each pacific salmon species within this aquatic area has its own specific features. Thus, 

the Asian pink salmon inhabits the western and central parts of the North Pacific in this 

period of the year, dispersing mostly within the boundaries of the Subarctic Front zone 

and in the northern adjacent waters (Michurin et al. 1991; Radchenko and Rassadnikov 

1997; Startsev and Rassadnikov 1997; Atlas …, 2002; Shuntov and Temnykh 2008, 

2011; Naydenko et al. 2010, 2011; Starovoytov et al. 2010a, b; Glebov et al. 2011). 

In winter, a large part of pink salmon is distributed further to the north from the 

Subarctic Front zone: in near the Aleutian Islands (Starovoytov et al, 2010a; Shuntov and 

Temnykh 2011). The distribution of high pink salmon catches along the frontal zone was 

pointed also by Japanese scientists (Nagasawa 2000). It is obvious that the determining 

factor for the pink salmon distribution is not the concrete values of the temperature (as 

indicated in a number of researches (Birman 1985; Erochin 1990; Startsev and 

Rassadnikov 1997)), but, as minimum, the thermohaline structure of waters, reflecting 

their origin (Radchenko and Rassadnikov 1997; Shuntov and Temnykh 2008, 2011).  

It should be noted that authors of some publications (Nagasawa 2000; Moroz 

2003; Azumaya et al, 2007), in addition to the temperature of water surface, refer the 

salinity, oxygen and feeding conditions as the factors determining the quantitative 

distribution of pink salmon. However, these works do not present any firm relation 

between one specific factor from among the referred above and the pink salmon 

distribution. Moreover, some researchers associated the type and density of the winter 

distribution of the pink salmon with structural features of oceanological fields, width of 

frontal zone, as well as abundance of the pink salmon generations of odd and even years 

(Birman 1985; Erochin 1990; Michurin et al. 1991; Startsev and Rassadnikov 1997; 

Moroz 2003). The authors of two-volume monography V.P. Shuntov and O.S. Temnykh 

(2008, 2011), having summarized a vast collection of the literature concerning the 

salmon topics and having analyzed the data of TINRO salmon surveys, came to the 
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conclusion that it is not possible to associate, in full measure, the distribution dynamics 

of the pacific salmon observed with the variation of 2–3 certain select parameters of the 

habitat. One should use the definition of the landscape zone that includes the position and 

configuration of the front, circular and temperature background, vertical structure of 

interacting waters, intra- and interannual dynamics, as well as complex of contributing 

biotic factors. The new data on distribution of the pacific salmon within the Subarctic 

Front zone, obtained in winter 2009–2011, as well as the data of the previous cycle of 

surveys, made it possible to consider again the conditions of the winter-period habitat of 

the pink salmon and to try to establish a dependence of their spacial distribution on the 

layout of the pelagic landscape zones. 

METHODS 

The results of researches in the Subarctic frontal zone in winter-spring 2009–2011 

(trawl survey on R/V “TINRO”) and in 1986–1992 were used. The area of winter-spring 

surveys was located between 37° and 50°N. Thus in 1988, 1989, 1991 and 2009 of work 

were conducted not only in its western part between 152 ° and 172°E (area A), but also in 

central — between 174°E and 170°W (area B). In different years terms of works and 

border of the surveyed part of areas A and B changed slightly (Fig. 1). 

The technical support of the trawling works in the 1980s and 2000s was somewhat 

different. In 1982–1992 the standard rope allopelagic trawls (108/528 m on type vessels 

STM and 118/620 m on type vessels BATM and RTMS) were used. In the 1980s, the 

salmon fishing technique by trawls and the calculation procedure for their population on 

the basis of their catches were being just adopted, so in some cases, the data on the 

quantitative distribution of the salmon were understated. In the 2000s (after 20-year 

break), the works on studying the wintering-over conditions of the salmon and its 

quantitative assessment were continued. In this years the standard rope allopelagic trawl 

80/396 m (the length of the headrope is 80 m, the perimeter of the trawl opening is 396 

m) was used. Its mouth dimensions are following: vertical — 26.8–36.3 m (average — 

30.8 м), horizontal – 31.5–55.7 m (average — 46.7 м), cone-end was equipped with 10-

mm mesh on the inside. The trawl was towed for one hour in the upper epipelagic layer. 

During these years, trawling was performed in the round-the-clock mode with the travel 

horizon of cork rope of 0 and 30 m. To identify the vertical distribution of the salmon, 

separate hourly trawling was performed in different horizons to the depth of 120 m. 
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In the 1980s and 2000s the trawl nets of various modifications were used. So in 

plotting the graphs and maps of the pink salmon distribution a relative value (the pink 

salmon catches in the course of trawling works expressed as a percentage of their total 

catching during the analyzed survey) was used. It made it possible to level the differences 

related to different parameters of the trawl nets used, as well as to compare the years of 

different abundance of the pink salmon. 

Analyzing distribution of the pink salmon in 2009–2011, parameters of its 

abundance (concentration density per area unit) and the individual catchability 

coefficients were used as well (Nekton …, 2005).  

Oceanologic researches (monitoring of temperature and salinity) were conducted, 

as minimum, up to 500 m horizon in the course of all surveys. The obtained oceanologic 

data showed that at the end of winter the upper water column is well mixed and 

practically uniform in terms of its temperature and salinity at the depth up to 60–110 m in 

the Subarctic water zone, and within their mixing zone with the Subtropical waters — at 

the depth up to 180–200 m. It allowed the marine (data received during researches) and 

satellite maps of the sea surface temperature (SST) in winter period to be used to 

characterize thermal conditions practically through the entire layer of the salmon 

habitation, which rarely went beyond the boundaries of 0–100 m water column 

(Starovoytov 2003; Shuntov and Temnykh 2008, 2011; Starovoytov et al. 2010a, b) as 

well as to identify of the location of the front separations between the water masses of 

different structure. The evaluation of condition of both, the entire Western Subarctic 

Cyclonic Gyre (WSG) and its individual structural elements, became a key point to 

explain the specific features of the salmon distribution, owing to this the data on the SST 

within the aquatic area were analyzed to the significantly higher extent that a standard 

surveyed field.  

The thermal state classification of the waters was made based on the data on the 

average temperature of ocean surface for the period of 1982–2012 in one-degree squares, 

by 5 gradations: 

very warm — Тi > Tav + σ; 

warm — Tav + σ/2 ≤ Тi  ≥ Tav + σ; 

normal — Tav – σ/2 ≤ Тi  ≥ Tav + σ/2; 

cold — Tav – σ ≤ Тi  ≥ Tav – σ/2; 
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very cold — Тi  < Tav – σ. 

where Тi — temperature in i-n year; Tav — its long-time annual average; σ — mean-

square deviation. On the basis of these data there were calculated average area values of 

the SST for different parts of the Subarctic Front zone and the WSG adjacent waters and 

was made a classification of years on the basis of thermal regime. The areas were 

identified on the basis of existing Subarctic Front zone schemes and the Northwest 

Pacific Ocean (NWPO) waters circulation (Kitani 1972; Favorite et al. 1976; Ohtani 

1991). 

RESULTS 

Oceanologic conditions in winter habitat of pacific salmon. The Subarctic Front is 

a zone of mixing cold and low-salinity subarctical waters (SAW) with the warm and 

higher salinity subtropical waters (STW). The southern border of the subarctical waters 

of the NWPO in winter coincides with the location of SST 3°С isothermal curves, being 

upper temperature limit of warm intermediate layer of the subarctical waters.  The SST 

9°С isothermal curves show the location of the northern border of the subtropical waters, 

that is the place where the primary thermocline of the subtropical waters goes to the 

surface (Bulgakov 1972; Favorite et al. 1976; The Okhotsk Sea… 1995).  Figure 2 

represents the position of the southern boundary limits of the subtropical waters and the 

northern boundary of the subtropical waters, observed during winter-spring period from 

1986 till 2012. The Subarctic Front or the mixing zone situated between these boundaries 

is a habitat of the major part of salmon.  

The mixing zone has its minimum width in the area between the Japanese islands 

and 150°E.  In this area, known as the Oyashio front, the most southern penetration of the 

subarctical waters is observed, as well as the most complicated and rapidly changing 

structure of waters. Interannual variations of provisions of borders of subarctic and 

subtropical waters on this area (sector № 1, Fig. 2) make 60–120 miles. 

In the area of 150–157°30’E (sector № 2, Fig. 2), the northern and southern 

boundaries of the mixing zone are nearly parallel; the width of the mixing zone is still 

narrow — 90–110 miles; the spatial gradients of the temperature — high. 

Eastwards of 156–157°E, the width of the mixing zone increases up to 300 miles 

(to 162–165°E); therefore, two sectors are identified there (sector № 3 between 43 and 

48°N; sector № 4 between 40 and 43°N; Fig. 2). Increase of the mixing zone width in this 
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sector is associated with the crook of a part of the Kuroshio waters southwards and 

displacement of the northern border of subtropical waters to the south. 

The most significant interannual variations in the mixing zone width were 

observed to the east of 163°E. Thus, between 163 and 169°E the mixing zone width 

changed often by 150–200 miles (sector № 5, Fig 2). To the east of 168–170°E the 

average width of the mixing zone (sector № 5, Fig 2) increased sharply, its interannual 

variations also increased. 

An important moment that the southern boundary of subarctical waters in the 

sectors 5 and 7 (sectors 7 — the subarctical waters of the Bering Sea and East Kamchatka 

origin, Fig. 2) coincides with the trajectory of the Subarctic сurrent (SAC) which is 

formed along this boundary. Interannual changes in the subarctical waters and Subarctic 

сurrent boundaries to the east of 165°E have reached 350 miles in the north-south 

direction. The western boundary of the water distribution with SST ≥ 3°С along the 

southern slope of the Aleutian Ridge changed even more: by 750 miles (from 170°E to 

170°W), which is associated with the intensity of the Aleutian current. The area of the 

subarctical waters in the sectors 5 and 7 reduced (and the area of the mixing zone 

increased) to the north-west direction in the warmest years of 1991 and 2011. It means 

that the mixing zone width in the sectors 5 and 7 was proportional to the Aleutian current 

intensity and inversely proportional to the intensity of oceanic branch of the East-

Kamchatka current (EKC). The scheme of the streams in winter period constructed based 

on the data of floating buoys gives evidence of the Bering Sea origin of the subarctical 

waters in the sectors and their relation with the East-Kamchatka current (Khen et al. 

2013). 

In winters, when SST 3°С isothermal curve was observed between 168–175°E (the 

western position associated with a slight cooling and intensive Aleutian current) the 

southern boundaries of the subarctical waters and Subarctic current were oriented in the 

direction closer to the meridian one. At the same time, there was observed a significant 

reduction of the subarctical waters area of the Bering Sea origin in the sectors 5–82, and, 

respectively, reduction in the Western Subarctic Cyclonic Gyre area (characterized as a 

                                                 
2 The location of 5 and 7 sectors is given above in text; sector 6 — waters East Kamchatka; sector 8 — waters 
Aleutian current. 
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“compressed” state)3. In winters, when SST 3°С isothermal curve was observed to the 

east of 175–180°E (the eastern position associated with a strong cooling and weak 

Aleutian current) the southern boundary of the subarctical waters and Subarctic сurrent 

was oriented more zoned (in the direction from south-west to north-east), blurring of the 

east boundary and increase of the Western Subarctic Cyclonic Gyre area to the east 

(characterized as a “stretched” state) were observed.  It is obvious that the interannual 

changes in circulation and temperature of the waters in the wintering-over zone of the 

salmon depend on the state of the winter centres of action of the atmosphere, determining 

the general rate of winter cooling, drift component of the water circulation including the 

Western Subarctic Cyclonic Gyre state. 

It was also noted that in extreme western position of 3°C isothermal curve along 

the Aleutian Islands (intensive Aleutian current), the Oyashio front shifted southwards. In 

extreme eastern position of 3°C isothermal curve (weak Aleutian current), the Oyashio 

front took more northern position. 

The identified relations are well consistent with the results obtained by K. 

Rogachev and N. Shlyk (Rogachev 2000; Rogachev and Shlyk, 2005), who noted two 

states of the Western Subarctic Cyclonic Gyre associated with change in anomaly sign of 

the wind vortex in winter. The authors showed that a “stretched” Western Subarctic 

Cyclonic Gyre (1993–1995) is characterized by the intensive Subarctic сurrent directed to 

the east. At a “compressed” Western Subarctic Cyclonic Gyre (1997–1999), the Subarctic 

сurrent was weak and shifted to the north and at that the intensity of the East-Kamchatka 

current and the coastal branch of the Oyashio increased. 

Table 1 shows the results of classification of thermal states within the mixing zone 

and its allocated sectors, as well as an evaluation of the Western Subarctic Cyclonic Gyre 

state in winter period within the years of salmon surveys. 

The spatial distribution of pacific salmon. In winter-spring period, the pink 

salmon, within the surveyed waters, was distributed from 38 to 49°N and from 148 to 

168°W. At the distribution of the pink salmon across such a widespread water area its 

catches were in the waters with the water surface temperature from 0.5° to 12.0°C and 

(which gives evidence of significant eurythermy of the pink salmon) and salinity from 

32.7 to 34.9‰. Salinity and water surface temperature can be considered to be 
                                                 
3  The terms of “compressed” and “stretched” state of the Western Subarctic Cyclonic Macro-Circulation (Western 
Subarctic Cyclonic Gyre — WSG) are cited according to Rogachev and Shlyk (2005). 
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characteristics of thermohaline conditions of the entire 100-meter layer of salmon habitat, 

as in winter period the upper water column is well mixed and uniform with respect to 

these indicators. 

The western part of Subarctic Front zone (area A). Within the western part of 

Subarctic Front zone (area A) the pink salmon was distributed mainly in the waters of the 

mixing zone. At various states of the Western Subarctic Cyclonic Gyre the spatial 

distribution of pink salmon differed. 

“Stretched” or “norm-stretched” states of the Western Subarctic Cyclonic Gyre. 

In the years of the “stretched” state of the Western Subarctic Cyclonic Gyre (with 

“developed” flow of the Bering Sea waters, being carried over by the oceanic branch of 

the East-Kamchatka current, and “weak” or “norm” travel of the Aleutian current (i.e. 

years: cold 1986–1988, close to an average 1989,) the catches of the pink salmon were 

between 38 and 44–45°N, mainly in the waters of the mixing zone (sectors № 3 and 5) 

and in the waters of the Oyashio current (sectors № 2) (Fig. 3). In the years of the 

“stretched” state of the WSC with less intensive expansion of the East-Kamchatka 

current oceanic branch (designated as “norm”; in warm 1990 and 2010) the pink salmon 

was distributed to the north — between 41 and 44–45°N. In the year of the “norm-

stretched” state of the WSC (i.e. in 1992) the catches of the pink salmon were between 40 

and 45°N (Fig. 3). 

“Compressed” state of the Western Subarctic Cyclonic Gyre. Within the years 

when the frontal zone in the area of the East-Kamchatka current oceanic branch was 

shifting to the northwest and a “compressed” state of the Western Subarctic Cyclonic 

Gyre (when the expansion rate of the East-Kamchatka current oceanic branch was low, 

the carry-over of the Bering Sea waters weakened and influence of the relatively warm 

Aleutian current increased, i.e. in the abnormally warm 1991, warm 2009, very warm 

2011) was observed, main salmon catches were between 41 and 45–46°N shifting from 

the central sector to the west towards the eastern section of the Oyashio frontal zone and 

to the north (sector № 4; Fig. 3). The salmon catches were distributed farther to the north 

— to 47°N (Fig. 3–4) in winter 2011, when a very intense spread of the Aleutian current 

warm waters (with a record-breaking average temperature for the recent 25 years) 

westwards and the smallest space occupied by the Subarctic waters in the area of the 

East-Kamchatka current oceanic branch were observed. In these years, the share of pink 
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salmon caught in the central sector was from 8 to 42% (on the average 24%), and in the 

area of the Oyashio front reached 36–78% (on the average 60%). 

In the central part of the Subarctic Front zone (area B), the pink salmon was also 

distributed in the mixing zone: in the years of 1988–1989 and 1991 to the east of 175°W 

and to the north of 41°N and in February 2009 — to the north of 43°N, including in the 

waters of the Aleutian islands. Thus, in winter 2009 high catches of salmon were 

observed directly at the boundary of the exclusive economic zone of the United States 

(Fig. 4) that suggests that a significant part of the pink salmon probably inhabited the 

American zone both to the east and to the north, up to the Aleutian Ridge (Starovoytov et 

al. 2010a; Shuntov and Temnykh 2011). In this area, at an intensive expansion of the 

relatively warm Aleutian current, the mixing zone in the sector to the north of 50°N 

expanded westwards, spreading to 170–180°W (for example in 1986, 1988, 1991 and 

2011); with slow expansion of the Aleutian current and intensive expansion of the East-

Kamchatka current the area of the mixing zone in this sector reduces (Fig. 3). Perhaps, 

that is why in 2009 and 2010 (when expansion of the Aleutian current was norm or very 

weak) a part of the pink salmon was to the north and to the east and, accordingly, its 

abundance in the Subarctic Front zone to the east of 175°E was not taken into sufficient 

account (Naydenko et al. 2010, 2011; Starovoytov et al. 2010a; Shuntov and Temnykh 

2010). 

Despite the fact that there is rather complicated and time-varying flow pattern in 

the Subarctic Front zone, an apparent fixation of the pink salmon to a specific sign of the 

water circulation is not observed: The surveys show that pink salmon occurs in both 

areas, with cyclonic and anticyclonic types of the circulation. 

Spread of values of the TS characteristics at which the pink salmon was harvested 

was wider in the years when a “stretched” state of the WSG was observed and less — 

when the state was “compressed” (Fig. 5). And in both cases, high catches were recorded 

within the entire range of values of the surface temperature and salinity. At the same 

time, both single and maximum catches came not only in the sectors of higher 

temperature gradients, but also in the sectors of the “smoothed” temperature gradients. 

But at the “compressed” state of the macro-circulation a significant part of the catches 

was on the southern periphery of the subarctic waters of the Bering Sea and the Okhotsk 

Sea origins (at lower values of the TS characteristics range), while at the “stretched” state 
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a part of the catches was distributed near the northern border of the transformed 

subtropical waters (at the upper values of the range). This gives evidence that the basic 

characteristics of the salmon distribution conditions in winter are not the specific values 

of temperature or salinity but the water masses and their modifications, as noted in some 

publications (Radchenko and Rassadnikov 1997; Shuntov and Temnykh 2005, 2008, 

2011). 

The quantitative distribution of the pink salmon within the surveyed waters in the 

Subarctic Front zone was different in even and odd years. The western part of the 

Subarctic Front zone is a primary place of wintering of the pink salmon of the Sea of 

Okhotsk, and a small part of the pink salmon of the Japanese and the Bering Seas and of 

the East-Kamchatka. In the central part, mainly the stocks of the western Bering Sea and 

of the East-Kamchatka and a small part of pink salmon of the West-Kamchatka and of 

the East Sakhalin overwinter; also this area is a peripheral feeding area for the American 

pink salmon stocks (Takagi et al. 1981; Birman 1985; Ogura 1994; Atlas … 2002). 

Despite the spatial separation of different pink salmon stocks in the area of the Subarctic 

Front, their distribution areas overlap. In different years (depending on the abundance) 

the ratio of the Bering Sea pink salmon (especially of the East-Kamchatka region) and 

the Sea of Okhotsk pink salmon (especially of the West-Kamchatka and Kuril Islands and 

East Sakhalin regions) varies considerably. 

In even years (when the abundance of the pink salmon of the Sakhalin-Kuril 

region was lower than in the adjacent odd-numbered years, while the population of the 

pink salmon of the Western Kamchatka region increased) major pink salmon catches in 

the area A were in the central and southern part of it (Fig. 3). Analyzing the distribution 

of the pink salmon in this area in February-March 1990 it was found that to the east of 

164°E the fish of “early (north) phenotype” prevailed (Roslyi 2002). This, according to 

V. Shuntov’s and Temnykh‘s opinion (2011), is consistent with the high abundance of 

the Western Kamchatka stocks in even years. To the west of 164°E, the share of the fish 

of “late (south) phenotype” was higher, mainly owning to the Sakhalin-Kuril region 

stocks. On the basis of this relationship it can be assumed that in 1986 and 1988 in the 

surveyed part of A area mainly the Sakhalin-Kuril region stocks of the pink salmon were 

present, but its successful catches were few (Fig. 3). Probably, the bulk of pink salmon 

was distributed to the north-east. In 1990 and 1992, the abundance of the Sakhalin-Kuril 
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region pink salmon was lower than within the adjacent years, but slightly higher than that 

of the western Kamchatka salmon. In these years, the pink salmon was harvested along 

the whole water area, including in the western sector (to the west of 157°E) (Fig. 3). 

Dislocation of a part of the catches, including the maximum ones, in the more southern 

part of the area was probably caused by intensive expansion of the East-Kamchatka 

current oceanic branch in these years. 

In 2010, the approaches of the pink salmon to main areas of spawning were almost 

2 times lower than in 2009 and 2011 (Table 2). This year, in winter period, within the 

survey area, the main dislocation zone of the salmon catches was to the west of 159°E, in 

the mixing zone of subarctical and subtropical waters, where there were fixed two 

maximum catches only — 138 and 401 inds./hour of trawling (Fig. 4). A part of the 

catches of the pink salmon was in the subarctic waters structure. Moreover, this year a 

lower heat carry-over to the west of the Aleutian current was observed, resulting in the 

subarctic waters boundary shift within the zone of the oceanic East-Kamchatka current 

branch to the southeast, i.e. there was observed the “stretched” state of the Western 

Subarctic Cyclonic Gyre and a part of salmon (most likely of stocks of the West-

Kamchatka) was distributed to the east and north-east of the surveyed area. Probably for 

this reason, in the winter period within the surveys area, the pink salmon was counted 

almost 3 times less (only 134.2 million fish) than in 2009 (Naydenko et al. 2010). In 

June-July 2010, nearly 475 million fish came to the Kuril water from the open waters of 

the Subarctic Pacific (Shuntov and Temnykh 2010). Based on this, we can assume that 

the abundance of pink salmon in the winter period in 2010 was not taken into sufficient 

account. 

In odd years of surveys, the distribution of the pink salmon was more regular 

(mainly in area A) than in even years (Fig. 3). And in this case it is probably due to the 

difference in the pink salmon abundance of the Sakhalin-Kuril and East-Kamchatka and 

West-Kamchatka stocks. For example, in winter 1989 it was noted a dominance of the 

Sakhalin-Kuril region pink salmon, low population of odd generation of the western 

Kamchatka pink salmon and high population of the eastern Kamchatka pink salmon 

(Shuntov and Temnykh, 2011). In this year, in the western and central parts of area A it 

was observed a dominance (81.2%) of the “late (south) phenotype” salmon (Roslyi 

2002). In the eastern part, where the ranges of pink salmon abundance overlap, the ratio 
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of phenotypes was equalized. Thus, the pink salmon was harvested within the entire 

survey area due to high abundance of the Sakhalin pink salmon — in the central and 

western parts of the area, and eastern Kamchatka region pink salmon — in the eastern 

part. 

Distribution of the pink salmon catches along the whole water area in 1987 and 

1989 could be also contributed by the “stretched” state of the WSG, which was observed 

in these years. 

In odd years of 1991, 2009 and 2011, at low expansion of the oceanic East-

Kamchatka current branch and “compressed” and “norm-compressed” state of the 

Western Subarctic Cyclonic Gyre, the pink salmon was also fished throughout the waters 

of A area, but about 60% of its maximum catches was in the northwestern sector (Fig. 3). 

This is consistent with the previously noted general shift of the southern border of the 

subarctic waters areal and main catches of the pink salmon, respectively, to the north-

west in warm years, at the intensive Aleutian current and low carry-over  of the Bering 

Sea waters into the ocean. 

CONCLUSIONS 

Thus, the pink salmon, in particular, the pink salmon of the Okhotsk Sea stock, in 

the winter-spring period inhabits mainly in the Subarctic Front zone in the waters of 

mixing and adjacent areas, with a wide range of the TS characteristics — 0.5° to 12.0°C 

and 32.7 to 34.9‰. The spatial distribution of the pink salmon depends on the general 

state of the Western Subarctic Cyclonic Gyre, as well as on the position of the frontal 

zone in the area of the East-Kamchatka current ocean branch, which varies from year to 

year depending on the rate of the Aleutian current travel. So, in the years of surveys, the 

“stretched” state of the circulation and the direction of the northern and southern 

boundaries of the mixing zone, being close to the zonal, contributed to more dispersion of 

the pink salmon and expansion of its wintering area: it was distributed more regularly in 

most waters occupying actively the south-eastern and eastern regions. In addition, in the 

western part of the Subarctic Front zone (the area A) the pink salmon catches were 

between 38° and 44–45°N, and, in particular, in the southern area, but in the central part 

(area B) high catches were observed not only in the western sector, but also in the eastern 

and north-eastern sectors. Under conditions corresponding to the “compressed” state of 

the Western Subarctic Cyclonic Gyre, when in the section of the East-Kamchatka current 
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ocean branch there were observed the minimum values of the subarctic waters of the 

Bering Sea origin, and their southern border was shifted to the north-west (as a result of 

the intensive Aleutian current), main salmon catches were between 41° and 45–46°N 

closer to the Kuril Ridge. Probably the water masses formed in the winter-spring period 

within the Subarctic Front zone (constrained in the north by the subarctical waters of the 

Bering Sea and the Okhotsk Sea origins, and in the south by the transformed subtropical 

waters), and depending on the location and configuration of the front with a certain 

vertical and thermohaline structure and circulation field are the landscape zones favorable 

for winter habitat of the pink salmon. Quantitative distribution of the pink salmon in the 

western and central parts of the Subarctic Front zone is determined by the abundance of 

its various stocks in even and odd years. 
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Table 1. Classified SST change, by the sectors shows at Fig. 2, and types of Western subarctic 
gyre in the years of surveys 

 
Assessment of thermal conditions on sectors 

YEAR Sector
№ 1 

Sector 
№ 2 

Sector 
№ 3 

Sector 
№ 4 

Sector 
№ 5 

Sector 
№ 6 

Sector 
№ 7 

Sector 
№ 8 

The average 
assessment 

on all 
mixing zone 

Type of 
Western 

subarctic Gyre 

1986 VC C VC C VC W C W C «stretched» 

1987 C VC VC VC VC C C N VC «stretched» 

1988 C C C C VC N VC C C «stretched» 

1989 VW W N N N N C C N «stretched» 

1990 VW W N W W C N N W «stretched» 

1991 VW VW VW VW VW W VW VW VW «compressed» 

1992 N W N VW N N C N N «norm-
stretched» 

2009 W VW VW VW VW W W N VW «norm- 
compressed» 

2010 N W W W C C N C W «stretched» 

2011 N VW VW VW VW W VW VW VW «compressed» 

Note: VC— very cold, C — cold, N — norm, W — warm, VW — very warm.  
 
 
 

Table 2. The abundance (thousands of fishes) of pink salmon in the Far East in the years of 
surveys (total catch and escapement to spawning areas) 

 

YEAR West 
Kamchatka 

North of 
Okhotsk Sea 

Kuril 
Islands 

East 
Sakhalin 

East 
Kamchatka 

1986 31 387.2 2 523.1 11 487.5 7 125.1 4 407.9 
1987 1 514.6 11 745.4 21 184.8 43 609.9 61 473.0 
1988 25 047.3 5 952.7 10 756.8 8 731.2 10 388.9 
1989 1 249.6 7 781.5 13 598.0 86 650.2 70 589.2 
1990 29 191.3 14 090.1 16 011.2 22 590.1 25 948.3 
1991 2 312.6 16 988.5 26 353.8 108 369.9 93 359.9 
1992 16 283.3 29 901.4 15 717.5 30 769.9 9 695.3 
2009 4 402.8 41 709.4 17 158.3 177 681.9 196 586.9 
2010 102 892.5 2 758.1 22 045.8 54 272.2 14 184.0 
2011 5 139.4 29 426.0 5 911.5 151 023.3 218 736.4 
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Fig. 1. The area of winter-spring surveys in 1986-1992 and 2009-2011 
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Fig. 2. Extreme southern location of the Subarctic Water (< 3.5 °C) The area of the standard 
survey is shaded; the areas of averaging are numbered as sectors № 1–8; solid lines show the 
northern position of the 3,5 and 8 °C isotherms, dashed lines — southern position. 
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Fig. 3. Distribution of pink salmon catches (% of total catch) in dependence on type of the 
western Subarctic gyre and intensity of the oceanic branches of the East-Kamchatka and 
Aleutian Currents in February-March of 1986–1992 and 2009–2011 
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Fig. 4. Distribution of pink salmon catches (ind./km2) in the western and central parts of 
the Subarctic Front zone in the winter-spring of 2009–2011. (CPUE is show by numbers) 
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Fig. 5. Distribution of pink salmon at various temperature and salinity at the sea surface 
depending on type of the western Subarctic gyre in February and March 1986–1992 and 2009–
2011. Classed density: circles—more than 1000 ind/km2, triangles — from 100 to 1000 ind/km2, 
a point — from 1 to 100 ind/km2. EKC — East Kamchatka current; WSG — western 
Subarctic gyre. 
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Southeast Alaska Coastal Monitoring (SECM) Survey Plan for 2014 

 
 Keywords: juvenile salmon, ocean monitoring, ecology, Southeast Alaska 

 

ABSTRACT 

This survey plan details the proposed sampling for the Southeast Coastal Monitoring 

(SECM) project in May, June, July, and August of 2014.  The SECM project is supported by the 

Alaska Fisheries Science Center (AFSC), Auke Bay Laboratories (ABL), with an objective to 

study the habitat use and early marine ecology of juvenile (age-0) Pacific salmon (Oncorhynchus 

spp.) and associated epipelagic ichthyofauna in Southeast Alaska and in the Gulf of Alaska 

ecosystem.  The SECM surveys have been continuous since 1997, and have provided long-term 

biological and oceanographic data sets associated with all five species of both wild and hatchery 

salmon during a period of climate change. 

 

 SECM sampling planned for 2014 

 The Southeast Coastal Monitoring (SECM) project was initiated in 1997 by the Alaska 

Fisheries Science Center (AFSC), Auke Bay Laboratories (ABL), to study the habitat use and 

early marine ecology of juvenile (age-0) Pacific salmon (Oncorhynchus spp.) and associated 

epipelagic ichthyofauna in Southeast Alaska. SECM surveys are conducted off of government 

and chartered research vessels in the vicinities of Icy Strait and Icy Point (58° N, 135°W; 57° N, 

134° W) to sample fish, zooplankton, nutrients/chlorophyll, and physical water properties using a 

surface trawl, plankton nets, and an oceanographic profiler. This monitoring has permitted 

compilation of long-term biological and oceanographic data sets for a region producing all five 
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species of both wild and hatchery salmon during a period of climate change. In 2014, SECM 

research surveys are scheduled to continue at 13 core stations during four monthly intervals from 

late May to late August (Figure 1, Tables 1 and 2). This 2014 SECM survey plan reflects 

accomplishments since the inception of the project, and outlines how this additional survey year 

will extend the biophysical time series to 18 years.  

 SECM researchers have collaborated with many agencies, institutions, and individuals 

over the project lifespan and have contributed numerous reports and publications to the scientific 

community (http://www.afsc.noaa.gov/ABL/MSI/msi_secm.htm; see also selected publications 

section). Annual presentations on pink salmon forecasting have been given to the Purse Seine 

Task Force, (http://www.afsc.noaa.gov/ABL/MSI/msi_sae_psf.htm) since 2005, and both oral 

and poster presentations on topics in salmon ecology are made at professional meetings and 

seminars, such as the Pink and Chum Salmon Workshop, Salmon Ocean Ecology Meeting, 

American Fisheries Society Alaska Chapter and national meetings, Alaska Hatchery Managers 

Meeting, North Pacific Anadromous Fish Commission (NPAFC) Meeting, Alaska Marine 

Science Symposium, State of the Salmon international conference, and at local schools and 

universities. A complete summary of SECM data for the prior year is reported annually to 

NPAFC in its document series. These contributions are an important service to the fisheries 

community and continue to provide data that will improve understanding of the role of salmon in 

regional and basin-scale ecosystems. The increasing value of these time series has most recently 

become apparent by providing information on juvenile Chinook salmon ecology that can be 

applied to improve understanding of stocks in western Alaska, where the causes for disastrous 

run failures are unknown. 
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Historical SECM sampling 1997–2013 

 Historically, some aspects of the SECM project have varied to accommodate new 

research objectives or process studies designed to examine specific questions. From 1997 to 

2000, SECM research was directed at sampling juvenile salmon and their associated biophysical 

parameters in inshore, strait, and coastal habitats along a primary seaward migration corridor in 

the northern region of Southeast Alaska. Up to 24 stations spanning 250 km were sampled five 

times annually, from May to early October. These habitats extended geographically from inshore 

localities near large glacial rivers to 65 km offshore in the Gulf of Alaska. Fish were sampled 

during the daytime with a NORDIC 264 surface rope trawl from the National Oceanic and 

Atmospheric Administration (NOAA) Ship John N. Cobb. The biophysical data collected 

included vertical profile data on water temperature and salinity, surface nutrients and 

chlorophyll, zooplankton from vertical 20-m hauls and double oblique hauls deployed to 200 m 

depth, and onboard stomach analysis of potential predators of juvenile salmon. A laboratory 

process study of juvenile sablefish predation impact on juvenile salmon was initiated in response 

to unusual field observations in 1999. After four years of sampling, the inshore sampling stations 

and the Cross Sound transect were eliminated because juvenile salmon trawl catches were 

consistently low in these habitats during the sampling months. 

 In 2001–2004, SECM researchers continued biophysical sampling at 13 core stations and 

directed more research effort into process studies. Two such studies initiated in 2001 included 

diel feeding periodicity and prey fields of juvenile pink, chum, and coho salmon, and onboard 

gastric evacuation rate experiments for juvenile pink and chum salmon. These process studies 

were designed to increase our understanding of trophic linkages and provide more specific input 

parameters for use in bioenergetics models to evaluate coastal marine carrying capacity and 

 3



salmon habitat quality (growth potential). Beginning in 2002, the late September sampling was 

eliminated because juvenile salmon abundances had been consistently low for this monthly 

interval, and consequently, sampling time intervals were extended in earlier months to maximize 

the opportunities for obtaining data at offshore stations and to replicate trawling at the core 

stations. In 2003, sampling frequency at the 13 core stations was increased from four to six time 

intervals between mid-May and late August, to gain better temporal resolution of biophysical 

factors related to salmon growth and abundance. Two process studies were conducted in this 

year, one on sea lice infestation of juvenile salmon at sea and another on energetics of starved 

juvenile chum salmon brought into the laboratory from trawl catches during field surveys. 

Additionally, in 2003 and 2004, concurrent sampling with a second, smaller mesh, trawl was 

conducted in two time intervals to examine spatial distribution and to compare size-selectivity of 

two trawl types for juvenile salmon. Also in 2004, the SECM trawl sampling effort returned to 

one of the inshore habitats to collaborate with a Taku Inlet study on hatchery- and wild-stock 

interactions of juvenile chum salmon. 

 From 2005 to 2009, SECM research expanded to include a second sampling region in 

southern Southeast Alaska. The established sampling scheme of 13 core stations was maintained 

in the northern region from late May to late August, and eight stations in Clarence Strait were 

also sampled in late June and late July. The 2008 scheduled sampling in Clarence Strait was not 

accomplished because of a fatal vessel breakdown of the John N. Cobb. In 2009, sampling was 

resumed in the southern region; however, vessel charter contract problems only allowed 

sampling to occur in July in this region. Future efforts are not planned for the southern region, 

but the four years of comparative sampling of juvenile salmon and associated biophysical 

parameters will be used to broaden basic understanding of the trophic relationships and 
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ecological interactions of wild and hatchery juvenile salmon and associated fishes in different 

marine environments. In 2007, inter-vessel calibrations were conducted to compare catch-per-

unit-effort (CPUE) for juvenile salmon between the John N. Cobb and the RV Medeia. 

Calibrations were also done between the Medeia and a charter vessel (FV Steller) in 2008 and 

between the Medeia and another charter vessel (FV Chellissa) in 2009.  

 From 2010 to 2013, the northern region of Southeast Alaska was sampled monthly from 

late May to late August with an ABL vessel (May only) and the charter vessel FV Northwest 

Explorer. These surveys included sampling at the Icy Point stations in June, July, and August to 

complement the Gulf of Alaska Integrated Ecosystem Research Program (GOA-IERP). 

 

Support and rationale for SECM research 

 In addition to internal NOAA support, the SECM project has been partially supported 

over the years with funding through the Global Ocean Ecosystem Dynamics (GLOBEC) 

program, a Pacific Salmon Commission endowment (the Northern Fund, NF), and NOAA’s 

Pacific Coastal Salmon Recovery Fund (Alaska Sustainable Salmon Fund, AKSSF). The SECM 

research project addresses several goals and objectives identified by the NOAA Science Plan of 

the AFSC, the NPAFC, and the North Pacific Research Board (NPRB) (GOA-IERP).  

 The mission of NOAA’s current next generation Strategic Plan  involves three objectives: 

to understand and predict changes in climate, weather, oceans, and coasts; to share that 

knowledge and information with others; and to conserve and manage coastal and marine 

ecosystems and resources. NOAA’s current vision is to have healthy ecosystems, communities, 

and economies that are resilient in the face of this change that is expected to impact fisheries 

production. SECM research emphasizes long-term monitoring of coastal marine habitats used by 
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juvenile salmon and associated epipelagic fishes, to understand how environmental variation 

affects the sustainability of these marine resources in an ecological context. SECM research 

provides valuable time series data specific to salmon and other marine species to monitor long-

term ecosystem changes and also provides salmon forecasting data to ensure that regional 

fisheries are sustained through an ecosystem approach to management.  One of the mandates of 

the NOAA’s Fisheries Priorities and Annual Guidance report for 2014 clearly states: “Ensure the 

productivity and sustainability of fisheries and fishing communities through science-based 

decision-making and compliance with regulations” and the SECM research project has provided 

pre-season salmon forecasting information to regional stakeholders of Southeast Alaska fishing 

communities for the past ten years, thus helping to sustain regional fisheries with science-based 

forecasts.  

 The AFSC Science Plan addresses three main research themes: (1) Monitor and assess 

fish, crab, and marine mammal populations, fisheries, marine ecosystems, and associated 

communities that rely on these resources; (2) Understand and forecast effects of climate change 

on marine resources; and (3) Describe and evaluate the role of habitats in supporting healthy 

marine ecosystems and populations of fish, crab, and marine mammals.  The long-term time 

series of SECM observations is ideally suited to provide important datasets addressing each of 

these themes.  

 The NPAFC 2011–2015 Science Plan identifies the study of juvenile anadromous salmon 

stocks in ocean ecosystems as an important component. This Science Plan has a primary goal to 

explain and forecast the annual variation in Pacific salmon production, an overarching theme of 

“Forecast of Pacific salmon production in the ocean ecosystems under changing climate”, and 

five primary research topics: 1) Migration and survival mechanisms of juvenile salmon in the 
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ocean ecosystems; 2) Climate impacts on Pacific salmon production in the Bering Sea (BASIS) 

and adjacent waters; 3) Winter survival of Pacific salmon in the North Pacific ocean ecosystems; 

4) Biological monitoring of key salmon populations; and 5) Development and applications of 

stock identification methods and models for management of Pacific salmon. SECM research is 

aligned with both the goal and themes of the NPAFC Science Plan, and specifically addresses 

research topics 1 and 4 related to the understanding of migration and survival mechanisms of 

salmon juveniles and biological monitoring of key salmon populations.  

 Several important components of the NPRB’s GOA-IERP project are addressed by 

SECM research. These GOA-IERP components include: 1) time series collections of biophysical 

processes that may provide insight into periodic large-scale regime shifts; 2) carrying capacity 

and ecological implications of large numbers of hatchery salmon from North America and Asia 

manifested on forage species in the GOA food web; and 3) input from biological observations 

including food web shifts of commercially important fish under varying climatic conditions for 

developing models to forecast annual run strength.  

 The U.S. GLOBEC Northeast Pacific program focused on studying “the effects of past 

and present climate variability on the population ecology and population dynamics of marine 

biota and living marine resources, and to use this information as a proxy for how the ecosystems 

of the eastern North Pacific may respond to future global climate change,” and also “…the 

biophysical mechanisms through which zooplankton and salmon populations respond to physical 

forcing and biological interactions in the coastal regions….” SECM research addresses the 

region-scale component of the GLOBEC program by: 1) collecting biological data on juvenile 

Pacific salmon and ecologically-related fish species from surface rope trawl samples; 2) 

monitoring physical and biological oceanographic indices at sampling stations in marine 
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habitats; and 3) conducting process studies focusing on bioenergetics, prey fields, and trophic 

relationships of juvenile salmon and associated fishes.  
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Table 1.—Localities and coordinates of stations scheduled for monthly sampling by the 

Southeast Alaska Coastal Monitoring (SECM) project in marine waters of the 
northern region of Southeast Alaska in May, June, July, and August of 2014. No 
sampling is scheduled at the Icy Point stations in May.  

Locality 
  
Station Latitude Longitude 

Offshore 
distance 

(km)

Bottom 
depth 

(m)

Auke Bay Monitor ABM 58°22.00’N 134°40.00’W 1.5 60

Upper Chatham Strait UCA 58°04.57’N 135°00.08’W 3.2 400
Upper Chatham Strait UCB 58°06.22’N 135°00.91’W 6.4 100
Upper Chatham Strait UCC 58°07.95’N 135°04.00’W 6.4 100
Upper Chatham Strait UCD 58°09.64’N 135°02.52’W 3.2 200

Icy Strait ISA 58°13.25’N 135°31.76’W 3.2 128
Icy Strait ISB 58°14.22’N 135°29.26’W 6.4 200
Icy Strait ISC 58°15.28’N 135°26.65’W 6.4 200
Icy Strait ISD 58°16.38’N 135°23.98’W 3.2 234

Icy Point IPA 58°20.12’N 137°07.16’W 6.9 160
Icy Point IPB 58°12.71’N 137°16.96’W 23.4 130
Icy Point IPC 58°05.28’N 137°26.75’W 40.2 150
Icy Point IPD 57°53.50’N 137°42.60’W 65.0 1300
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Table 2.—Monthly Southeast Alaska Coastal Monitoring (SECM) project research surveys scheduled in marine waters of the northern 
region of Southeast Alaska in May, June, July, and August of 2014. 

Vessel,  
survey # 

On or about 
(days) Research focus Sampling conducted 

RV Sashin 
LV–14–01 

20-22 May 
(3 days) 

Oceanography 
 

CTD, chlorophyll and nutrients, zooplankton 
9 core stations in Icy/Chatham Straits and Auke Bay 

 
TBD Chartered fishing 
vessel 
CV-14-02 

26 June–03 July 
(8 days) 

Oceanography 
Fish survey (trawl) 

CTD, chlorophyll and nutrients, zooplankton, fish 
9 core stations and 4 stations in Icy Point 

 
TBD Chartered fishing 
vessel 
CV–14–03 

26 July–02  August  
(8 days) 

Oceanography 
Fish survey (trawl) 

CTD, chlorophyll and nutrients, zooplankton, fish 
9 core stations and 4 stations in Icy Point 

TBD Chartered fishing 
vessel 
CV–14–04 

28 August–04 Sept. 
(8 days) 

Oceanography 
Fish survey (trawl) 

CTD, chlorophyll and nutrients, zooplankton, fish 
9 core stations and 4 stations in Icy Point 
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Figure 1.—Stations scheduled for monthly sampling by the Southeast Alaska Coastal Monitoring (SECM) project in marine waters of 

the northern region of Southeast Alaska in May (no Icy Point stations), June, July, and August of 2014. 
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Proposed Thermal Marks for Brood Year 2014 Salmon in Alaska 
 

Dion S. Oxman 
 

Mark, Tag, and Age Laboratory, Alaska Department of Fish and Game,  
P.O. Box 115526, Juneau, Alaska 99811-5526 

 
Abstract 
 
In Alaska, mass-marking of salmon using otolith thermal marking is an effective research 
and management tool applicable to a variety of situations. For brood year 2014, 
approximately 65 million sockeye, 827 million pink salmon, 677 million chum, 10 
million Coho, and 8 million Chinook salmon will be marked at 27 different hatcheries 
using 89 thermal marks, three dry marks, and one strontium mark. 
 
Keywords: otolith, thermal marking, salmon, Alaska 

Introduction 
 
In Alaska, thermal marking is used to provide information about the contribution of 
hatchery fish, primarily pink, chum and sockeye salmon, to commercial and cost-
recovery fisheries during the summer fishing season. Because most fisheries are managed 
on the basis of wild stocks, fishery managers subtract the estimated hatchery catch from 
total catch and use that information to structure the fisheries. Hatchery operators are most 
interested in their own production and use thermal marking to estimate how their fish 
contribute to traditional fisheries and to terminal harvests. In addition, thermal marks are 
being used to determine the origin of juvenile and immature salmon collected during 
surveys in the Gulf of Alaska by the National Marine Fisheries Service and as part of the 
Bering Sea and Aleutian Island Salmon Investigative Study (BASIS) program.  
 
Plan for 2014 brood year stocks 
 
The proposed thermal marks for brood year 2014 salmon are listed in Table 1. We plan to 
mark approximately 65 million sockeye, 827 million pink salmon, 677 million chum, 10 
million Coho, and 8 million Chinook salmon at 27 different hatcheries using 89 thermal 
marks, three dry marks, and one strontium mark. 
 
The proposed otolith plan includes scheduled changes. Some marks are on an every other 
year cycle, while others rotate on a three-year cycle. Thermal mark patterns are presented 
in both the RBr notation (Munk and Geiger 1998), as well as well as in the Uniform 
Hatch Code notation (Johnson et al. 2006).   
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Table 1. Summary of thermal mark codes to be applied to Alaska hatchery salmon in brood year 2014.
SPECIES: SOCKEYE

ID# MARK TYPE
BROOD 
YEAR

RELEASE 
YEAR SPECIES

STATE/
PROVINCE

REGION 
RELEASE AGENCY FACILITY STOCK

AK14-01 S 2014 2015 Sockeye Alaska Southcentral PWSA Gulkana Gulkana
AK14-02 T 2014 2015 Sockeye Alaska Southcentral CIAA Trail Lakes Bear Lk
AK14-03 T 2014 2016 Sockeye Alaska Southcentral PWSA Main Bay Main Bay
AK14-04 T 2014 2016 Sockeye Alaska Southcentral PWSA Main Bay Main Bay
AK14-05 T 2014 2016 Sockeye Alaska Southcentral PWSA Main Bay Main Bay
AK14-06 T 2014 2016 Sockeye Alaska Southcentral PWSA Main Bay Main Bay
AK14-07 T 2014 2016 Sockeye Alaska Southcentral PWSA Main Bay Main Bay
AK14-08 T 2014 2015 Sockeye Alaska Southcentral CIAA Trail Lakes English Bay Lk
AK14-09 T 2014 2015 Sockeye Alaska Southcentral CIAA Trail Lakes Hazel Lk
AK14-10 T 2014 2015 Sockeye Alaska Southcentral CIAA Trail Lakes English Bay Lk
AK14-11 T 2014 2015 Sockeye Alaska Southeast DIPC Snettisham S-Tatsamenie Lk
AK14-12 T 2014 2015 Sockeye Alaska Southeast DIPC Snettisham S-Tahltan Lk
AK14-13 T 2014 2016 Sockeye Alaska Southeast DIPC Snettisham Snettisham
AK14-14 T 2014 2016 Sockeye Alaska Southcentral CIAA Trail Lakes Bear Lk
AK14-15 T 2014 2015 Sockeye Alaska Southcentral CIAA Trail Lakes Hidden Lk
AK14-16 T 2014 2016 Sockeye Alaska Southcentral CIAA Trail Lakes English Bay Lk
AK14-17 T 2014 2015 Sockeye Alaska Southcentral CIAA Trail Lakes SHELL LK
AK14-18 T 2014 2016 Sockeye Alaska Southeast DIPC Snettisham Snettisham
AK14-19 T 2014 2015 Sockeye Alaska Southeast DIPC Snettisham S-Tahltan Lk
AK14-20 T 2014 2015 Sockeye Alaska Southcentral CIAA Trail Lakes English Bay Lk
AK14-21 T 2014 2015 Sockeye Alaska Southeast DIPC Snettisham S-Tatsamenie Lk
AK14-22 T 2014 2015 Sockeye Alaska Southeast DIPC Snettisham Snettisham
AK14-23 T 2014 2016 Sockeye Alaska Southeast DIPC Snettisham Snettisham
AK14-24 T 2014 2016 Sockeye Alaska Southeast DIPC Snettisham Snettisham
AK14-25 T 2014 2015 Sockeye Alaska Southeast DIPC Snettisham King Salmon Lake
AK14-26 D 2014 2015 Sockeye Alaska Westward KRAA Pillar Creek Saltery
AK14-27 D 2014 2015 Sockeye Alaska Westward KRAA Pillar Creek Saltery
AK14-28 D 2014 2015 Sockeye Alaska Westward KRAA Kitoi Bay Kitoi bay

ID# MARK NAME STAGE ESIMATED 
RELEASE

HATCH CODE RBr  CODE PRE-HATCH 
GRAPHIC

POST-HATCH 
GRAPHIC

MARKING
SYSTEM

TEMP SHIFT
DIRECTION

AK14-01 GULKANA14 Emergent Fry 22,000,000 HS1 2:1.S1 | Immersion
AK14-02 TRAILLAKES14A Emergent Fry 2,400,000 3,2H 1:1.3,2.2 | | |   | | Boiler Up
AK14-03 MBH14A Smolt 2,380,000 5H3 1:1.5+2.3 | | | | | | | |
AK14-04 MBH14B Smolt 2,380,000 5H2,2 1:1.5+2.2,3.2 | | | | | | |   | |
AK14-05 MBH14C Smolt 2,380,000 5H5 1:1.5+2.5 | | | | | | | | | |
AK14-06 MBH14D Smolt 2,380,000 5H3,3 1:1.5+2.3,3.3 | | | | | | | |   | | |
AK14-07 MBH14E Smolt 2,380,000 5H 1:1.5 | | | | |
AK14-08 PENINSULA14SOCKEYE Emergent Fry 3,500,000 2,2H 1:1.2,2.2 | |   | | Boiler Up
AK14-09 HAZEL14 Fed Fry 1,500,000 3,3H3 1:1.3,2.3+3.3 | | |   | | | | | | Boiler Up
AK14-10 ENGLISHBAY14 Presmolt 150,000 4H 1:1.4 | | | | Boiler Up
AK14-11 TATSAMENIE14 Emergent Fry 800,000 3n,5H 1:1.3n,2.5 |||   | | | | | Chiller Down
AK14-12 TUYA14 Emergent Fry 1,200,000 6H 1:1.6 | | | | | | Chiller Down
AK14-13 SPEELARM14A Smolt 8,000,000 5H 1:1.5 | | | | | Chiller Down
AK14-14 TRAILLAKES14B Smolt 2,000,000 1,3H 1:1.1,2.3 |   | | | Boiler Up
AK14-15 HIDDENLAKE14 Emergent Fry 530,000 2,1,2H 1:1.2,2.1,3.2 | |   |   | | Boiler Up
AK14-16 PORTGRAHAM14SOCKEYESmolt 300,000 2,4,2H 1:1.2,2.4,3.2 | |   | | | |   | | Boiler Up
AK14-17 SHELLLAKE14 Fed Fry 500,000 4,4,2H 1:1.4,2.4,3.2 | | | |   | | | |   | |
AK14-18 SPEELARM14B Smolt 1,000,000 3n,4,3H 1:1.3n,2.4,3.3 |||   | | | |   | | | Chiller Down
AK14-19 TAHLTAN14 Emergent Fry 2,000,000 3,2n,2H 1:1.3,2.2n,3.2 | | |   ||   | | Chiller Down
AK14-20 TUTKA14 Emergent Fry 530,000 4,2H 1:1.4,2.2 | | | |   | | Boiler Up
AK14-21 TATSAMENIE14ER Fingerling 200,000 6,2H 1:1.6,2.2 | | | | | |   | | Chiller Down
AK14-22 SWEETHEART14 Emergent Fry 500,000 5,2H 1:1.5,2.2 | | | | |   | | Chiller Down
AK14-23 SPEELARM14C Smolt 1,000,000 4n,4H 1:1.4n,2.4 ||||   | | | | Chiller Down
AK14-24 SPEELARM14D Smolt 1,000,000 5,4nH 1:1.5,2.4n | | | | |   ||||
AK14-25 KINGSALMON14 Smolt 250,000 4,6H 1:1.4,2.6 | | | |   | | | | | |
AK14-26 KODIAK14 Smolt 2,000,000 4,3,3H 1:1.4,2.3,3.3 | | | |   | | |   | | |
AK14-27 KODIAK14A Smolt 650,000 4,4H 1:1.4,2.4 | | | |   | | | |
AK14-28 KITOI14 Smolt 850,000 5,4H 1:1.5,2.4 | | | | |   | | | |  
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Table 1 (continued). Summary of thermal mark codes to be applied to Alaska hatchery salmon in brood year 2014.
SPECIES: PINK

ID# MARK TYPE BROOD 
YEAR

RELEASE YEAR SPECIES STATE/
PROVINCE

REGION RELEASE AGENCY FACILITY STOCK

AK14-29 T 2014 2015 Pink Alaska Southcentral PWSA A F Koernig A F Koernig
AK14-30 T 2014 2015 Pink Alaska Southcentral PWSA A F Koernig A F Koernig
AK14-31 T 2014 2015 Pink Alaska Southcentral PWSA Wally Noerenberg Wally Noerenberg
AK14-32 T 2014 2015 Pink Alaska Southeast KAKE Gunnuk Creek Gunnuk Cr
AK14-33 T 2014 2015 Pink Alaska Southeast SJ Sheldon Jackson Indian R

T 2014 2015 Pink Alaska Southeast AKI Port Armstrong Port Armstrong
AK14-35 T 2014 2015 Pink Alaska Southeast AKI Port Armstrong Port Armstrong
AK14-36 T 2014 2015 Pink Alaska Southcentral VFDA Solomon Gulch Solomon Gulch
AK14-37 T 2014 2015 Pink Alaska Southcentral PWSA Cannery Creek Cannery Cr
AK14-38 T 2014 2015 Pink Alaska Southcentral PWSA Wally Noerenberg Wally Noerenberg
AK14-39 T 2014 2015 Pink Alaska Southcentral CIAA Tutka Bay English Bay Lk
AK14-40 T 2014 2015 Tutka Bay
AK14-41 T 2014 2015 Pink Alaska Southcentral CIAA Tutka Bay Bruin Bay

ID# MARK NAME STAGE ESIMATED 
RELEASE

HATCH CODE RBr  CODE PRE-HATCH GRAPHIC POST-HATCH 
GRAPHIC

MARKING
SYSTEM

TEMP SHIFT
DIRECTION

AK14-29 AFK14A Fed Fry 90,000,000 4H3 1:1.4+2.3 | | | | | | |
AK14-30 AFK14B Fed Fry 90,000,000 4H 1:1.4 | | | |
AK14-31 WNH14PINKB Fed Fry 70,000,000 8H 1:1.8 | | | | | | | |
AK14-32 KAKE14PINK Fed Fry 5,000,000 1,2,1H 1:1.1,2.2,3.1 |   | |   | Chiller Down
AK14-33 SJ14PINK Fed Fry 100,000 4,1H 1:1.4,2.1 | | | |   | Chiller Down

PORTARMSTRONG14 Fed Fry 85,000,000 3H 1:1.3 | | | Ambient Up
AK14-35 PORTARMSTRONG14A Fed Fry 25,000,000 3,5H 1:1.3,2.5 | | |   | | | | |
AK14-36 SGH14 Fed Fry 200,000,000 6H 1:1.6 | | | | | |
AK14-37 CCH14 Fed Fry 140,000,000 3,3H 1:1.3,2.3 | | |   | | |
AK14-38 WNH14PINKA Fed Fry 120,000,000 8H3 1:1.8+2.3 | | | | | | | | | | |
AK14-39 TUTKA14PINK Fed Fry 500,000 5,3H 1:1.5,2.3 | | | | |   | | |
AK14-40 500,000
AK14-41 PAINT14 Fed Fry 500,000 3H5 1:1.3+2.5 | | | | | | | |

AK14-34

Pink Alaska Southcentral CIAA Port Graham

AK14-34

PORTGRAHAM14 Fed Fry 5H3 1:1.5+2.3 | | | | | | | |
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Table 1 (continued). Summary of thermal mark codes to be applied to Alaska hatchery salmon in brood year 2014.
SPECIES: CHUM

ID# MARK TYPE BROOD 
YEAR

RELEASE 
YEAR

SPECIES STATE/
PROVINCE

REGION RELEASE AGENCY FACILITY STOCK

AK14-42 T 2014 2015 Chum Alaska Southeast SJ Sheldon Jackson Indian R
AK14-43 T 2014 2015 Chum Alaska Southeast KAKE Gunnuk Creek Gunnuk Cr
AK14-44 T 2014 2015 Chum Alaska Southeast AKI Port Armstrong Port Armstrong
AK14-45 T 2014 2015 Chum Alaska Southeast NSRA Medvejie Medvejie
AK14-46 T 2014 2015 Chum Alaska Southeast NSRA Medvejie Medvejie
AK14-47 T 2014 2015 Chum Alaska Southcentral PWSA Wally Noerenberg Wally Noerenberg
AK14-48 T 2014 2015 Chum Alaska Southeast NSRA Medvejie Hidden Falls
AK14-49 T 2014 2015 Chum Alaska Southeast NSRA Hidden Falls Hidden Falls
AK14-50 T 2014 2015 Chum Alaska Southeast NSRA Hidden Falls Hidden Falls
AK14-51 T 2014 2015 Chum Alaska Southeast NSRA Medvejie Medvejie
AK14-52 T 2014 2015 Chum Alaska Southeast NSRA Medvejie Medvejie
AK14-53 T 2014 2015 Chum Alaska Southcentral PWSA AFK Wally Noerenberg
AK14-54 T 2014 2015 Chum Alaska Southeast DIPC Macaulay Macaulay
AK14-55 T 2014 2015 Chum Alaska Southeast DIPC Macaulay Macaulay
AK14-56 T 2014 2015 Chum Alaska Southcentral PWSA Wally Noerenberg Wally Noerenberg
AK14-57 T 2014 2015 Chum Alaska Southeast NSRA Hidden Falls Hidden Falls
AK14-58 T 2014 2015 Chum Alaska Southeast NSRA Hidden Falls Hidden Falls
AK14-59 T 2014 2015 Chum Alaska Southeast NSRA Hidden Falls Hidden Falls
AK14-60 T 2014 2015 Chum Alaska Southeast SSRA Neets Bay Neets Bay
AK14-61 T 2014 2015 Chum Alaska Southeast SSRA Neets Bay Neets Bay
AK14-62 T 2014 2015 Chum Alaska Southeast SSRA Neets Bay Neets Bay
AK14-63 T 2014 2015 Chum Alaska Southeast SSRA Neets Bay Neets Bay
AK14-64 T 2014 2015 Chum Alaska Southeast SSRA Neets Bay Neets Bay
AK14-65 T 2014 2015 Chum Alaska Southeast SSRA Neets Bay Neets Bay
AK14-66 T 2014 2015 Chum Alaska Southeast SSRA Neets Bay Neets Bay
AK14-67 T 2014 2015 Chum Alaska Western NSED Norton Sound Hatchery Solomon R
AK14-68 T 2014 2015 Chum Alaska Southeast NSRA 17 Mi Stream Incub Chilkat Lk
AK14-69 T 2014 2015 Chum Alaska Westward KRAA Kitoi Bay Sturgeon R
AK14-70 T 2014 2015 Chum Alaska Westward KRAA Kitoi Bay Sturgeon R
AK14-71 T 2014 2015 Chum Alaska Southeast MIC Tamgas Creek Carroll R

ID# MARK NAME STAGE
ESIMATED 
RELEASE

HATCH 
CODE RBr  CODE

PRE-HATCH 
GRAPHIC

POST-
HATCH 

GRAPHIC

MARKING
SYSTEM

TEMP SHIFT
DIRECTION

AK14-42 SJ14CHUM Fed Fry 100,000 6,1H 1:1.6,2.1 | | | | | |   | Heater Up
AK14-43 KAKE14 Fed Fry 25,000,000 4n,2H 1:1.4n,2.2 ||||   | | Chiller Down
AK14-44 PORTARMSTRONG14CHUMFed Fry 30,000,000 3H3 1:1.3+2.3 | | | | | | Ambient and Load Bank Up
AK14-45 DEEPINLETMV14 Fed Fry 28,000,000 3,3,3H 1:1.3,2.3,3.3 | | |   | | |   | | |
AK14-46 DEEPINLETMV14LL Fed Fry 8,000,000 6,3,2H 1:1.6,2.3,3.2 | | | | | |   | | |   | |
AK14-47 WNH14A Fed Fry 77,000,000 3,4nH 1:1.3,2.4n | | |   ||||
AK14-48 DEEPINLETHF14 Fed Fry 22,000,000 4n,3,2nH 1:1.4n,2.3,3.2n ||||   | | |   || Lake Intakes Up
AK14-49 HIDDENFALLS14 Fed Fry 33,000,000 3,2n,2nH 1:1.3,2.2n,3.2n | | |   ||   || Lake Intakes Up
AK14-50 HIDDENFALLS14LL Fed Fry 9,000,000 3,2n,4nH 1:1.3,2.2n,3.4n | | |   ||   |||| Lake Intakes
AK14-51 BEARCOVE14 Fed Fry 14,000,000 4,2,2H 1:1.4,2.2,3.2 | | | |   | |   | | Heater Up(5-9)
AK14-52 BEARCOVE14LL Fed Fry 6,000,000 5n,4H 1:1.5n,2.4 |||||   | | | |
AK14-53 WNH14B Fed Fry 31,100,000 1,2,3H 1:1.1,2.2,3.3 |   | |   | | |
AK14-54 DIPAC14 Fed Fry 100,000,000 4H 1:1.4 | | | | Boiler Up
AK14-55 PELICAN14 Unfed Fry 500,000 7H 1:1.7 | | | | | | |
AK14-56 WNH14C Fed Fry 42,900,000 1,3,3H 1:1.1,2.3,3.3 |   | | |   | | |
AK14-57 TAKATZ14 Fed Fry 33,000,000 3,5,3H 1:1.3,2.5,3.3 | | |   | | | | |   | | | Lake Intakes Up
AK14-58 TAKATZ14LL Fed Fry 18,000,000 3,5nH 1:1.3,2.5n | | |   ||||| Lake Intakes Up
AK14-59 SECOVE14 Fed Fry 10,000,000 4,3,3H 1:1.4,2.3,3.3 | | | |   | | |   | | | Lake Intakes
AK14-60 ANITABAY14 Fed Fry 22,000,000 3,2,4H 1:1.3,2.2,3.4 | | |   | |   | | | | Boiler Up
AK14-61 KENDRICK14 Fed Fry 2,000,000 6,2H 1:1.6,2.2 | | | | | |   | | Boiler Up
AK14-62 NEETSBAY14SUM Fed Fry 60,000,000 4,4H4 1:1.4,2.4+3.4 | | | |   | | | | | | | | Boiler Up
AK14-63 NEETSBAY14FALL Fed Fry 20,000,000 4,2,2H4 1:1.4,2.2,3.2+4.4| | | |   | |   | | | | | | Boiler Up
AK14-64 NAKATINLET14SUM Fed Fry 8,000,000 3,2,3H 1:1.3,2.2,3.3 | | |   | |   | | | Boiler Up
AK14-65 KENDRICKLL14 Fed Fry 28,000,000 4,1,2,1H 1:1.4,2.1,3.2,4.1 | | | |   |   | |   | Boiler Up
AK14-66 NAKATINLET14FALL Fed Fry 8,000,000 3,4,1H4 1:1.3,2.4,3.1+4.4| | |   | | | |   | | | | | Boiler Up
AK14-67 NORTON14CHUM Eyed Egg 400,000 1,4H 1:1.1,2.4 |   | | | | Moist Air
AK14-68 CHILKAT14 Fed Fry 1,212,003 3,2,5nH 1:1.3,2.2,3.5n | | |   | |   |||||
AK14-69 KITOI14CHUM Fed Fry 15,000,000 3,4,2H 1:1.3,2.4,3.2 | | |   | | | |   | |
AK14-70 KITOI14CHUMA Fed Fry 15,000,000 3,4,4H 1:1.3,2.4,3.4 | | |   | | | |   | | | |
AK14-71 TAMGAS14 Fed Fry 10,000,000 4H3 1:1.4+2.3 | | | | | | |  
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Table 1 (continued). Summary of thermal mark codes to be applied to Alaska hatchery salmon in brood year 2014.
SPECIES: COHO

ID# MARK TYPE BROOD 
YEAR

RELEASE 
YEAR

SPECIES STATE/
PROVINCE

REGION RELEASE AGENCY FACILITY STOCK

AK14-72 T 2014 2015 Coho Alaska Southcentral PWSA Wally Noerenberg Wally Noerenberg
AK14-73 T 2014 2015 Coho Alaska Southcentral CIAA Trail Lakes Bear Lk
AK14-74 T 2014 2016 Coho Alaska Southcentral CIAA Trail Lakes Bear Lk
AK14-75 T 2014 2016 Coho Alaska Southcentral ADFG William Jack Hernandez Ship Cr
AK14-76 T 2014 2016 Coho Alaska Southcentral VFDA Solomon Gulch Solomon Gulch
AK14-77 T 2014 2016 Coho Alaska Southcentral ADFG William Jack Hernandez Bear Lk
AK14-78 T 2014 2016 Coho Alaska Southeast NSRA Medvejie Salmon Lk 113-41
AK14-79 T 2014 2016 Coho Alaska Sotheast PWHA Klawock Klawock Lk
AK14-80 T 2014 2015 Coho Alaska Western NSED Norton Sound Hatchery Snake R
AK14-81 T 2014 2015 Coho Alaska Southeast SSRA Neets Bay Neets Bay
AK14-82 T 2014 2015 Coho Alaska Western SUNAQ Sunaq Tribe Buskin Lk

ID# MARK NAME STAGE ESIMATED 
RELEASE

HATCH 
CODE

RBr  CODE PRE-HATCH 
GRAPHIC

POST-HATCH 
GRAPHIC

MARKING
SYSTEM

TEMP SHIFT
DIRECTION

AK14-72 WNH14COHO Smolt 1,000,000 3H 1:1.3 | | |
AK14-73 TRAILLAKES14SMCOHO Emergent Fry 555,000 2,6H 1:1.2,2.6 | |   | | | | | | Boiler Up
AK14-74 BEARLAKE14COHO Smolt 555,000 4,4H 1:1.4,2.4 | | | |   | | | |
AK14-75 COOKINLET14COHO Smolt 655,000 1,5H 1:1.1,2.5 |   | | | | | Boiler Up
AK14-76 SGH14COHO Smolt 1,950,000 6H 1:1.6 | | | | | |
AK14-77 RESURRECTION14COHO Smolt 240,000 2,4H 1:1.2,2.4 | |   | | | | Boiler Up
AK14-78 DEEPINLET14COHO Smolt 225,000 4H 1:1.4 | | | |
AK14-79 KLAWOCK14COHO Smolt 4000000 4,2H 1:1.4,2.2 | | | |   | |
AK14-80 NORTON14COHO Eyed Egg 200,000 2,3H 1:1.2,2.3 | |   | | | Moist Air
AK14-81 NAKAT14COHO Smolt 600,000 2,5H 1:1.2,2.5 | |   | | | | |
AK14-82 BUSKIN14 Eyed Egg 100,000 3,4H 1:1.3,2.4 | | |   | | | | Moist Air

SPECIES: CHINOOK

ID# MARK TYPE BROOD 
YEAR

RELEASE 
YEAR

SPECIES STATE/
PROVINCE

REGION RELEASE AGENCY FACILITY STOCK

AK14-83 T 2014 2016 Chinook Alaska Southeast NSRA Hidden Falls Hidden Falls
AK14-84 T 2014 2016 Chinook Alaska Southeast NSRA Medvejie Medvejie
AK14-85 T 2014 2016 Chinook Alaska Southeast SSRA Whitman Lake Whitman Lk
AK14-86 T 2014 2016 Chinook Alaska Southeast NSRA Medvejie Medvejie
AK14-87 T 2014 2015 Chinook Alaska Southcentral ADFG William Jack Hernandez Cook Inlet
AK14-88 T 2014 2015 Chinook Alaska Southcentral ADFG William Jack Hernandez Ship Cr
AK14-89 T 2014 2015 Chinook Alaska Southcentral ADFG William Jack Hernandez Ship Cr
AK14-90 T 2014 2015 Chinook Alaska Southcentral ADFG William Jack Hernandez Deception Cr Stock
AK14-91 T 2014 2015 Chinook Alaska Southcentral ADFG William Jack Hernandez Crooked Cr 221-60
AK14-92 T 2014 2014 Chinook Alaska Western NSED Norton Sound Hatchery Unalakleet R+Old Woman R
AK14-93 T 2014 2015 Chinook Alaska Southcentral CVTC Chickaloon Village CIF Moose Cr

ID# MARK NAME STAGE ESIMATED 
RELEASE

HATCH 
CODE

RBr  CODE PRE-HATCH 
GRAPHIC

POST-HATCH 
GRAPHIC

MARKING
SYSTEM

TEMP SHIFT
DIRECTION

AK14-83 HIDDENFALLS14CHIN Smolt 650,000 4,2H 1:1.4,2.2 | | | |   | | Lake Intakes Up
AK14-84 GREENLAKE14CHIN Smolt 2,500,000 3,3nH 1:1.3,2.3n | | |   |||
AK14-85 WHITMAN14CHIN Smolt 1,475,000 1,5H 1:1.1,2.5 |   | | | | | Boiler Up
AK14-86 MEDVEJIE14CHIN Smolt 550,000 4,1H 1:1.4,2.1 | | | |   |
AK14-87 COOKINLET14CHIN Smolt 1,211,000 2,3H 1:1.2,2.3 | |   | | | Boiler Up
AK14-88 SHIPCREEK14CHINS Smolt 210,000 2,3H3,3 1:1.2,2.3+3.3,4.3| |   | | | | | |   | | | Boiler Up
AK14-89 SHIPCREEK14CHINL Smolt 145,000 2,3H2,2 1:1.2,2.3+3.2,4.2| |   | | | | |   | | Boiler Up
AK14-90 PWS14CHIN Smolt 315,000 2,4H 1:1.2,2.4 | |   | | | | Boiler Up
AK14-91 RESURRECTION14CHIN Smolt 212,000 2,5H 1:1.2,2.5 | |   | | | | | Boiler Up
AK14-92 SOUTHRIVER14 Eyed Egg 240,000 6,2H 1:1.6,2.2 | | | | | |   | | Moist Air
AK14-93 CHICKALOON14 Eyed Egg 100,000 3,2H 1:1.3,2.2 | | |   | | Moist Air  
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Abstract 
 
In Alaska, mass-marking of salmon using otolith thermal marking is an effective research 
and management tool for a variety of situations. This document reports the otolith mark 
patterns applied to hatchery-raised salmon stocks released in Alaska during 2013.  It 
includes five species of salmon from brood years 2011 through 2013. Release numbers, 
mark patterns, and release locations are summarized. 
 
Keywords: otolith, thermal mark, salmon, Alaska, releases 

Summary of Alaska Thermal Marking Programs  
 
In Alaska, thermal marking of otoliths is primarily used to provide information about the 
contribution of hatchery fish, primarily pink, chum and sockeye salmon, to commercial 
and cost-recovery fisheries during the summer fishing season. In addition, several on-
going programs use this information to aid in the in-season management of mixed stock 
fisheries. Hatcheries use mark recovery data to evaluate the success of various release 
strategies. In research applications, thermal marks have been used to answer questions 
regarding lake survival and straying rates of returning adults. The presence of otolith 
thermal marks is also being used to determine the origin of juvenile and immature salmon 
collected during biotic surveys in the Gulf of Alaska and the Bering Sea. In many 
instances, thermal marks are being applied by hatcheries in the absence of a directed 
sampling program. This applies primarily to coho and Chinook salmon, but it includes 
some sockeye releases as well. The reasons for this vary, but it primarily occurs in 
situations where the marks cost little to apply, and there is anticipation that a thermal 
mark recovery program will be implemented by the time the fish return.  
 
Thermal mark patterns are assigned annually by the Alaska Department of Fish and 
Game with consideration based on the constraints of the hatchery, the need to identify 
specific stocks, and the existence of a program to recover and identify the thermal 
patterns. It has become increasingly difficult to create and apply unique patterns as the 
hatchery marking programs have expanded. Consequently, alternative marking strategies, 
such as the use of strontium chloride and calcein, are currently being explored. 
 
In 2013, hatcheries in Alaska released the following numbers of otolith marked salmon:  
6 million Chinook, 686 million chum, 11 million coho, 900 million pink, and 55 million 
sockeye. A list of otolith marks applied to hatchery-reared salmon released in 2013 is 
provided in Table 1. Thermal mark patterns are presented in the Uniform Hatch Code 
notation (Johnson et al. 2006). 
 
The information presented in this report is based on release year, which is defined as 
when the fish is removed from artificial culture and released into the natural environment. 
The data includes fish from brood years 2011, 2012, and 2013. In some instances, fish 
from the same thermal mark group will be released over several years, so this list may not 
be comprehensive for each NPAFC number (e.g. a single NPAFC number may appear 
during multiple release years). Further information regarding thermal mark patterns and 

1 
 



2 
 

numbers of released fish in Alaska is available from the Alaska Department of Fish and 
Game, Mark, Tag and Age Laboratory database (http://taglab.org) and from the NPAFC 
Working Group on Salmon Marking’s Website (http://npafc.taglab.org). 
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Table 1. Releases of otolith marked salmon from Alaska in 2013. 
 

NPAFC ID BROOD 
YEAR

SPECIES STATE REGION FACILITY RELEASE SITE DATE 
RELEASED

MARK 
TYPE

MARK ID HATCH 
CODE

STAGE NUMBER 
RELEASED

AK11‐73 2011 CHINOOK ALASKA SOUTHEAST CRYSTAL LAKE NEETS BAY 5/31/2013 Thermal WHITMAN11CHIN 1,5H SMOLT 492,000

AK11‐07 2011 CHINOOK ALASKA SOUTHEAST HIDDEN FALLS KASNYKU BAY 5/7/2013 Thermal HIDDENFALLS11CHIN 4,2H SMOLT 518,277

AK11‐12 2011 CHINOOK ALASKA SOUTHEAST MEDVEJIE GREEN LK 5/3/2013 Thermal GREENLAKE11CHINA 2,4nH SMOLT 2,038,149

AK11‐13 2011 CHINOOK ALASKA SOUTHEAST MEDVEJIE BEAR COVE 6/4/2013 Thermal GREENLAKE11CHINC 4,1H SMOLT 564,304

AK11‐15 2011 CHINOOK ALASKA SOUTHEAST WHITMAN LAKE HERRING CV, NEETS BAY 5/31/2013 Thermal WHITMAN11CHIN 1,5H SMOLT 1,017,744

AK11‐16 2011 COHO ALASKA SOTHEAST KLAWOCK RIVER KLAWOCK 6/1/2013 Thermal KLAWOCK11COHO 4,2H SMOLT 3,894,603

AK11‐18 2011 COHO ALASKA SOUTHEAST MACAULAY JUNEAU AREA Thermal DIPAC11COHO 3,2H SMOLT 300,000

AK11‐21 2011 COHO ALASKA SOUTHEAST MEDVEJIE BEAR COVE, DEEP INLET 5/24/2013 Thermal DEEPINLET11COHO 4H SMOLT 211,994

AK11‐22 2011 COHO ALASKA SOUTHCENTRAL SOLOMON GULCH SOLOMON GULCH, TATITLEK 7/3/2013 Thermal SGH11COHO 6H SMOLT 1,657,016

AK11‐23 2011 COHO ALASKA SOUTHCENTRAL WALLY NOERENBERG CHENEGA BAY, FLEMING SPIT, 
LAKE BAY, WHITTIER HBR

Thermal WNH11COHO 3H SMOLT 3,210,000

AK11‐61 2011 COHO ALASKA SOUTHCENTRAL W.J. HERNANDEZ
BIRD CR, CAMPBELL CR, 

EKLUTNA TAILRACE, HOMER 
SPIT, SHIP CR

7/2/2013 Thermal COOKINLET11COHO 1,5H SMOLT 731,246

AK11‐63 2011 COHO ALASKA SOUTHCENTRAL W.J. HERNANDEZ SEWARD LAGOON 6/28/2013 Thermal RESURRECTION11COHO 2,4H SMOLT 216,444

AK11‐64 2011 SOCKEYE ALASKA SOUTHCENTRAL MAIN BAY MAIN BAY 5/23/2013 Thermal MAINBAY11A 5H3 SMOLT 2,320,000

AK11‐65 2011 SOCKEYE ALASKA SOUTHCENTRAL MAIN BAY MAIN BAY 5/23/2013 Thermal MAINBAY11B 5H2,2 SMOLT 2,280,000

AK11‐66 2011 SOCKEYE ALASKA SOUTHCENTRAL MAIN BAY MAIN BAY 5/25/2013 Thermal MAINBAY11C 5H5 SMOLT 2,340,000

AK11‐67 2011 SOCKEYE ALASKA SOUTHCENTRAL MAIN BAY MAIN BAY 5/25/2013 Thermal MAINBAY11D 5H3,3 SMOLT 2,270,000

AK11‐68 2011 SOCKEYE ALASKA SOUTHCENTRAL MAIN BAY MAIN BAY 5/23/2013 Thermal MAINBAY11E 5H SMOLT 2,290,000

AK11‐69 2011 SOCKEYE ALASKA SOUTHEAST SNETTISHAM SPEEL ARM 6/7/2013 Thermal SPEELARM11A 5H SMOLT 2,569,900

AK11‐71 2011 SOCKEYE ALASKA SOUTHEAST SNETTISHAM SPEEL ARM 6/14/2013 Thermal SPEELARM11B 3n,4H SMOLT 1,284,200

AK11‐72 2011 SOCKEYE ALASKA SOUTHEAST SNETTISHAM SPEEL ARM 6/6/2013 Thermal SPEELARM11C 4n,4H SMOLT 1,276,000

AK11‐73 2011 SOCKEYE ALASKA SOUTHEAST SNETTISHAM SPEEL ARM 6/7/2013 Thermal SPEELARM11D 5,4nH SMOLT 641,000

AK11‐75 2011 SOCKEYE ALASKA SOUTHEAST SNETTISHAM SPEEL ARM 6/5/2013 Thermal SPEELARM11E 4,6H SMOLT 3,203,000

AK11‐76 2011 SOCKEYE ALASKA SOUTHCENTRAL TRAIL LAKES ENGLISH BAY LAKES Thermal ENGLISHBAY11SMOLT 2,4,2H SMOLT 300,000

AK11‐77 2011 SOCKEYE ALASKA SOUTHCENTRAL TRAIL LAKES RESURRECTION BAY 6/15/2013 Thermal TRAILLAKES11B 1,3H SMOLT 1,925,000

AK11‐80 2011 SOCKEYE ALASKA SOUTHCENTRAL TRAIL LAKES RESURRECTION BAY 6/15/2013 Thermal TRAILLAKES11C 3,2H5 SMOLT 165,000

AK11‐82 2011 SOCKEYE ALASKA SOUTHCENTRAL TRAIL LAKES PORT GRAHAM, TUTKA BAY 6/15/2013 Thermal TUTKA11 4,2H SMOLT 613,000

AK12‐01 2012 CHINOOK ALASKA SOUTHCENTRAL W.J. HERNANDEZ

DECEPTION CR, EKLUTNA 
TAILRACE, HALIBUT CV, HOMER 
SPIT, NINILCHIK R, SELDOVIA 

HBR, SHIP CR

7/4/2013 Thermal COOKINLET12CHIN 2,3H SMOLT 958,374

C
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Table 1 (continued). Releases of otolith marked salmon from Alaska in 2013. 
 

NPAFC ID
BROOD 

YEAR SPECIES STATE REGION FACILITY RELEASE SITE
DATE 

RELEASED
MARK 
TYPE MARK ID

HATCH 
CODE STAGE

NUMBER 
RELEASED

AK12‐02 2012 CHINOOK ALASKA SOUTHCENTRAL W.J. HERNANDEZ FLEMING SPIT, VALDEZ OLD 
TOWN SITE, WHITTIER HBR

7/22/2013 Thermal PWS12CHIN 2,4H SMOLT 209,639

AK12‐08 2012 CHINOOK ALASKA SOUTHCENTRAL W.J. HERNANDEZ SEWARD LAGOON 6/27/2013 Thermal RESURRECTION12CHIN 2,5H SMOLT 141,550

AK12‐09 2012 CHUM ALASKA SOUTHEAST 17 MI STREAM CHILKAT R Thermal CHILKAT12 4n,3H FED FRY 1,212,003

AK12‐10 2012 CHUM ALASKA SOUTHCENTRAL A F KOERNIG SAWMILL BAY 5/30/2013 Thermal WNH‐AFK12 1,4H FED FRY 32,300,000

AK12‐11 2012 CHUM ALASKA SOUTHEAST BURNETT INLET ANITA BAY 5/6/2013 Thermal ANITABAY12 1,6H FINGERLING 21,798,000

AK12‐14 2012 CHUM ALASKA SOUTHEAST GUNNUK CREEK GUNNUK CR, SE COVE 5/25/2013 Thermal KAKE12 4H FED FRY 47,850,895

AK12‐16 2012 CHUM ALASKA SOUTHEAST HIDDEN FALLS KASNYKU BAY 5/24/2013 Thermal HIDDENFALLS12 1,2,3H FED FRY 28,358,647

AK12‐18 2012 CHUM ALASKA SOUTHEAST HIDDEN FALLS KASNYKU BAY 6/3/2013 Thermal HIDDENFALLS12LL 3,3,2H FED FRY 6,508,719

AK12‐19 2012 CHUM ALASKA SOUTHEAST HIDDEN FALLS SE COVE 6/8/2013 Thermal SECOVE12 8H FED FRY 8,712,136

AK12‐20 2012 CHUM ALASKA SOUTHEAST HIDDEN FALLS TAKATZ BAY 5/26/2013 Thermal TAKATZ12 5n,2H FED FRY 29,681,749

AK12‐21 2012 CHUM ALASKA SOUTHEAST HIDDEN FALLS TAKATZ BAY 5/26/2013 Thermal TAKATZ12LL 5n,4H FED FRY 9,972,601

AK12‐24 2012 CHUM ALASKA SOUTHEAST MACAULAY
AMALGA HARBOR, BOAT 
HARBOR, GASTINEAU, 

LIMESTONE
6/14/2013 Thermal DIPAC12 1,3H FED FRY 113,639,000

AK12‐25 2012 CHUM ALASKA SOUTHEAST MEDVEJIE BEAR COVE 5/31/2013 Thermal BEARCOVE12 4,2,1H FED FRY 9,304,876

AK12‐26 2012 CHUM ALASKA SOUTHEAST MEDVEJIE BEAR COVE 5/31/2013 Thermal BEARCOVE12A 3,1,3H3 FED FRY 4,227,661

AK12‐27 2012 CHUM ALASKA SOUTHEAST MEDVEJIE BEAR COVE 5/30/2013 Thermal BEARCOVE12LL 3n,5H FED FRY 4,635,140

AK12‐28 2012 CHUM ALASKA SOUTHEAST MEDVEJIE DEEP INLET 5/23/2013 Thermal DEEPINLETHF12 3n,2,2nH FED FRY 21,135,908

AK12‐29 2012 CHUM ALASKA SOUTHEAST MEDVEJIE DEEP INLET 5/24/2013 Thermal DEEPINLETMV12 3,1,3H FED FRY 22,062,876

AK12‐30 2012 CHUM ALASKA SOUTHEAST MEDVEJIE DEEP INLET 5/21/2013 Thermal DEEPINLETMV12LL 3,2,5H FED FRY 8,028,451

AK12‐31 2012 CHUM ALASKA SOUTHEAST NEETS BAY KENDRICK BAY Thermal KENDRICK12LL 4n,4H FED FRY 28,000,000

AK12‐32 2012 CHUM ALASKA SOUTHEAST NEETS BAY NAKAT INLET 5/9/2013 Thermal NAKATINLET12FALL 3,4,1H FINGERLING 6,764,000

AK12‐33 2012 CHUM ALASKA SOUTHEAST NEETS BAY NEETS BAY 5/8/2013 Thermal NEETSBAY12FALL 4,2,2H FINGERLING 19,600,000

AK12‐34 2012 CHUM ALASKA SOUTHEAST NEETS BAY NEETS BAY 4/26/2013 Thermal NEETSBAY12SUM 4,4H FINGERLING 65,000,000

AK12‐35 2012 CHUM ALASKA WESTERN NORTON SOUND SNAKE R Thermal NORTON12CHUMB 3n,2H EYED EGG 250,000

AK12‐36 2012 CHUM ALASKA SOUTHEAST PORT ARMSTRONG PORT ARMSTRONG 5/4/2013 Thermal PORTARMSTRONG12CHUM 3H4 FED FRY 25,695,046

AK12‐37 2012 CHUM ALASKA SOUTHEAST SHELDON JACKSON CRESCENT BAY 5/14/2013 Thermal SJ12CHUM 4,2n,1H FED FRY 809,816

AK12‐38 2012 CHUM ALASKA SOUTHEAST TAMGAS CREEK TAMGAS CR Thermal TAMGAS12FALL 4,2H FED FRY 10,000,000

AK12‐39 2012 CHUM ALASKA SOUTHEAST TAMGAS CREEK TAMGAS CR Thermal TAMGAS12SUM 4H3 FED FRY 10,000,000

AK12‐40 2012 CHUM ALASKA SOUTHCENTRAL WALLY NOERENBERG PORT CHALMERS 5/24/2013 Thermal PORTCHALMERS12 1,3n,2H FED FRY 41,000,000

AK12‐41 2012 CHUM ALASKA SOUTHCENTRAL WALLY NOERENBERG LAKE BAY Thermal WNH12 4,3nH FED FRY 75,000,000

AK12‐42 2012 CHUM ALASKA SOUTHEAST WHITMAN LAKE MCLEAN ARM 4/23/2013 Thermal KENDRICK12 5,3H FED FRY 26,952,000

AK12‐43 2012 CHUM ALASKA SOUTHEAST WHITMAN LAKE NAKAT INLET 4/27/2013 Thermal NAKATINLET12SUM 3,1,4H FINGERLING 8,249,000

AK12‐44 2012 COHO ALASKA WESTERN NORTON SOUND SNAKE R Thermal NORTON12COHO 2,3H EYED EGG 200,000

AK12‐45 2012 COHO ALASKA SOUTHCENTRAL TRAIL LAKES BEAR LK 6/24/2013 Thermal TRAILLAKES12SMCOHO 4,3H FINGERLING 405,000

AK12‐46 2012 COHO ALASKA SOUTHCENTRAL WALLY NOERENBERG CHENEGA BAY, FLEMING SPIT, 
LAKE BAY, WHITTIER HBR

Thermal WNH12COHO 3H SMOLT 1,000,000
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Table 1 (continued). Releases of otolith marked salmon from Alaska in 2013. 

NPAFC ID BROOD 
YEAR

SPECIES STATE REGION FACILITY RELEASE SITE DATE 
RELEASED

MARK 
TYPE

MARK ID HATCH 
CODE

STAGE NUMBER 
RELEASED

AK12‐47 2012 PINK ALASKA SOUTHCENTRAL A F KOERNIG SAWMILL BAY Thermal AFK12A 4H3 FED FRY 90,000,000

AK12‐48 2012 PINK ALASKA SOUTHCENTRAL A F KOERNIG SAWMILL BAY 5/20/2013 Thermal AFK12B 4H FED FRY 152,000,000

AK12‐49 2012 PINK ALASKA SOUTHCENTRAL CANNERY CREEK CANNERY CR 5/31/2013 Thermal CCH12 3,3H FED FRY 94,300,000

AK12‐50 2012 PINK ALASKA SOUTHEAST GUNNUK CREEK GUNNUK CR 5/22/2013 Thermal KAKE12PINK 1,2,1H FED FRY 16,901,334

AK12‐51 2012 PINK ALASKA SOUTHEAST PORT ARMSTRONG PORT ARMSTRONG 5/4/2013 Thermal PORTARMSTRONG12 3H FED FRY 34,630,267

AK12‐52 2012 PINK ALASKA SOUTHEAST PORT ARMSTRONG PORT ARMSTRONG 5/4/2013 Thermal PORTARMSTRONG12A 3H3 FED FRY 17,490,067

AK12‐53 2012 PINK ALASKA SOUTHEAST SHELDON JACKSON CRESCENT BAY 5/14/2013 Thermal SJ12PINK 4,1H FED FRY 2,600,080

AK12‐55 2012 PINK ALASKA SOUTHCENTRAL SOLOMON GULCH SOLOMON GULCH 5/31/2013 Thermal SGH12 6H FED FRY 218,276,748

AK12‐56 2012 PINK ALASKA SOUTHCENTRAL TUTKA BAY PAINT RIVER Thermal PAINT12 5H5 FED FRY 500,000

AK12‐57 2012 PINK ALASKA SOUTHCENTRAL TUTKA BAY PORT GRAHAM 7/4/2013 Thermal PORTGRAHAM12 5H3 FED FRY 14,250,000

AK12‐59 2012 PINK ALASKA SOUTHCENTRAL TUTKA BAY TUTKA BAY 6/30/2013 Thermal TUTKA12PINK 5,3H FED FRY 4,353,000

AK12‐61 2012 PINK ALASKA SOUTHCENTRAL WALLY NOERENBERG LAKE BAY Thermal WNH12PINKA 8H3 FED FRY 120,000,000

AK12‐62 2012 PINK ALASKA SOUTHCENTRAL WALLY NOERENBERG LAKE BAY 5/20/2013 Thermal WNH12PINKB 8H FED FRY 135,000,000

AK12‐63 2012 SOCKEYE ALASKA SOUTHCENTRAL GULKANA
CROSSWIND LK, PAXSON LK, 

SUMMIT LK 5/7/2013 Strontium GULKANA12 HS1 FED FRY 18,560,000

AK12‐64 2012 SOCKEYE ALASKA SOUTHEAST SNETTISHAM R‐KING SALMON LK 6/2/2013 Thermal KINGSALMON12 6,2H3 FRY 197,400

AK12‐65 2012 SOCKEYE ALASKA SOUTHEAST SNETTISHAM SWEETHEART LK 6/17/2013 Thermal SWEETHEART12 2,5H FRY 540,800

AK12‐66 2012 SOCKEYE ALASKA SOUTHEAST SNETTISHAM R‐TAHLTAN LK 6/1/2013 Thermal TAHLTAN12 1,4H FRY 1,349,400

AK12‐73 2012 SOCKEYE ALASKA SOUTHEAST SNETTISHAM R‐TATSAMENIE LK 6/2/2013 Thermal TATSAMENIE12 3n,2H FRY 1,419,500

AK12‐79 2012 SOCKEYE ALASKA SOUTHEAST SNETTISHAM R‐TATSAMENIE LK 6/10/2013 Thermal TATSAMENIE12ER 3,3H FED FRY 216,800

AK12‐80 2012 SOCKEYE ALASKA SOUTHEAST SNETTISHAM R‐TUYA LK 6/18/2013 Thermal TUYA12 4n,3H FRY 755,300

AK12‐81 2012 SOCKEYE ALASKA SOUTHCENTRAL TRAIL LAKES ENGLISH BAY L 10/22/2013 Thermal ENGLISHBAY12 2,4H PRESMOLT 211,000

AK12‐83 2012 SOCKEYE ALASKA SOUTHCENTRAL TRAIL LAKES HAZEL LK Thermal HAZEL12 H2,2,2 FED FRY 1,500,000

AK12‐84 2012 SOCKEYE ALASKA SOUTHCENTRAL TRAIL LAKES HIDDEN LK 6/4/2013 Thermal HIDDENLAKE12 3,2,1H FRY 860,000

AK12‐85 2012 SOCKEYE ALASKA SOUTHCENTRAL TRAIL LAKES HAZEL LK, KIRSCHNER LK, 
LEISURE LK

Thermal PENINSULA12SOCKEYE H2,2 FRY 1,800,000

AK12‐86 2012 SOCKEYE ALASKA SOUTHCENTRAL TRAIL LAKES SHELL LK Thermal SHELLLAKE12 4,2,3H FED FRY 500,000

AK12‐88 2012 SOCKEYE ALASKA SOUTHCENTRAL TRAIL LAKES BEAR LK 6/20/2013 Thermal TRAILLAKES12A 4,2H FED FRY 2,548,000

AK12‐89 2012 SOCKEYE ALASKA SOUTHCENTRAL TRAIL LAKES TUTKA BAY Thermal TUTKA12 3,5H FRY 530,000

AK13‐67 2013 CHUM ALASKA WESTERN NORTON SOUND SNAKE R 9/26/2013 Thermal NORTON13CHUM 4,3nH ZYGOTE       123,000

AK13‐79 2013 COHO ALASKA WESTERN NORTON SOUND ANVIL CR 11/20/2013 Thermal NORTON13COHO 2,3H ZYGOTE       200,000  
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Abstract 

 Stock composition of sockeye salmon (Oncorhynchus nerka) caught in the southern 
central Bering Sea during Japanese research cruises in the summers of 2009, 2011, 2012, and 
2013 was estimated through an analysis of microsatellite variation.  Variation at 14 
microsatellites was analyzed for immature sockeye salmon, and a 404-population baseline 
spanning Japan, Russia, Alaska, Canada, and Washington State was used to determine the stock 
composition of the fish sampled.  Alaskan-origin sockeye salmon were the most abundant in the 
catch, comprising 86.1% of all sockeye salmon caught (United States total 86.1%), with the 
catch dominated by sockeye salmon of Bristol Bay origin.  Russian-origin salmon accounted for 
an average of 10.6% of the annual catch, while Canadian-origin sockeye salmon accounted for 
3.4% of the annual catch. 
 
 
     Introduction 
 The application of DNA-based genetic markers to salmon stock identification 
studies has provided greater resolution of stock composition relative to other biological 
markers (Beacham et al. 2005) such as scale pattern analysis (Ishida 1989), parasites 
(Bennett et al. 1998), and otolith characters (Sohn et al. 2005).  High resolution stock 
composition of sockeye salmon mixed-stock samples to lake or river of origin is crucial 
to our understanding of their population-specific responses to recent climatic regime 
shifts in the north Pacific Ocean (Welch et al. 2000; Mueter et al. 2002).  DNA markers 
provide a natural tag with which the origin of all individual fish within a sample can be 
determined if required (Beacham et al. 2005).  This is in marked contrast to physical tags, 
where recovery rate of individually marked juvenile salmon fish is typically well under 
1% (Hartt and Dell 1986; Trudel et al. 2009).  By employing DNA-based genetic markers 
for stock identification, larger scale sampling of juvenile salmon in the ocean can be 
undertaken in order to determine migration routes and areas of marine residence.   
 The initial application of DNA-based genetic markers to estimation of sockeye 
salmon stock composition in the Bering Sea was reported by Habicht et al. (2010).  By 
applying a set of 45 single nucleotide polymorphisms (SNPs) to identify population 
structure in a Pacific Rim distribution of populations, Habicht et al. (2010) defined eight 
regional stocks of sockeye salmon in the baseline, with a single eastern Gulf of Alaska 
(EGOA) stock comprised of sockeye salmon from southeast Alaska, British Columbia, 
and Washington.  This EGOA stock, which comprised a mixture of Canadian and 
American populations, was reported to comprise up to 10% of immature sockeye salmon 
sampled in the south central Bering Sea during September of 2002 and 2003.  Beacham et 
al. (2011) reported that stock composition of juvenile sockeye salmon captured between 
15 July to 9 August 2009 during a research cruise conducted with the Japanese research 
vessel Hokko-maru in the central and northern Bering Sea was 86% Alaskan origin, 10% 
Russian origin, and 4% Canadian origin.  In the current study, we evaluate variation in 
size and stock composition of immature sockeye salmon caught during Japanese research 
cruises in the south central Bering Sea in 2009, 2011, 2012, and 2013. 
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Methods and Materials 
Sample collection and analysis 

Juvenile sockeye salmon were captured between late July to early August during a 
research cruises conducted with the Japanese research vessel Hokko-maru in the central 
and southern Bering Sea during 2009, 2011, 2012, and 2013.    The cruises were designed 
to conduct the annual survey of Japanese stocks of chum salmon (O. keta) in the southern 
Bering Sea, with cruise tracks and details of the cruise outlined annually by Japanese 
investigators (eg. Morita et al. (2011)).  Details of the trawl nets and sampling regime 
were also outlined by Morita et al. (2011).  Juvenile sockeye salmon captured were 
weighed to the nearest 10 g, fork length measured (nearest mm), a tissue sample collected 
for subsequent analysis of genetic variation.  Fish age was determined from scales by 
staff of the Hokkaido National Research Fisheries Institute, Fisheries Research Agency, 
Japan.  Age reporting followed the method outlined by Koo (1962).  An individual 
designated as x.1 spent 1-3 winters rearing in fresh water (x years), and one winter in the 
ocean, having been sampled during the summer in their second ocean year.  Similarly, 
individuals identified as x.2 reared for two winters in the ocean, with subsequent capture 
and sampling during their third summer of ocean rearing.  Individuals identified as x.3 
were in their fourth summer of ocean rearing. Tissue samples were preserved in 95% 
ethanol, and sent to the Molecular Genetics Laboratory at the  Pacific Biological Station 
of Fisheries and Oceans Canada in Nanaimo.  Fourteen microsatellites (Beacham et al. 
2005) were surveyed with an ABI 3730 capillary DNA sequencer, and genotypes were 
scored by GeneMapper software 3.0 (Applied Biosystems, Foster City, CA) using an 
internal lane sizing standard as outlined by Beacham et al. (2005). 
 
Baseline populations  
 The baseline used for estimation of stock composition consisted of a survey of 
about 73,000 sockeye salmon from 404 populations from Japan, Russia, Alaska, Canada, 
and Washington as outlined by Beacham et al. (2014).  Baseline populations were 
organized into 46 reporting groups as outlined by Beacham et al. (2014).   
 
Estimation of stock composition in mixed-stock samples 
 Stock compositions of mixture samples were estimated with the genetic stock 
identification software ONCOR (Kalinowski et al. 2007) that incorporated the likelihood 
model of Rannala and Mountain (1997).  Allocations were made to 404 individual 
populations, and these were summed to provide estimates to 46 regional stock groups 
(Beacham et al. 2014).  Regional stock groups were not listed in Table 1 if estimated 
stock composition of the reporting group was zero.   Precision of the stock composition 
estimates were calculated through 100 bootstrap simulations of both the baseline and 
mixture data.   
 
     Results 
Location, size, and age of catch 
 The sockeye salmon analyzed were typically captured between 53’ N and 59’ N 
and 175’ E and 175’ W in the central Bering Sea (Figure 1).  Ocean age x.1 individuals 
were well separated from ocean age x.2 and x.3 individuals in fork length, with a bimodal 
distribution observed in observed fork length for all four sampling years (Figure 2).  Age 
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x.1 individuals were typically less than 400 mm. Mean fork lengths of x.1 individuals 
were 348 mm (SD=26mm), 349 mm (24mm), 344 mm (33 mm), and 349 mm (24 mm) 
for individuals caught in 2009, 2011, 2012, and 2013, respectively.  Mean length of age 
x.2 individuals was 476 mm (27 mm), 468 mm (27 mm), 463 mm (32 mm), and 462 mm 
(49 mm) for individuals caught in 2009, 2011, 2012, and 2013, respectively.  Mean fork 
length of x.3 individuals was 548 mm (40 mm), 540 mm (53 mm), 503 mm (35 mm), and 
526 mm (49 mm), respectively.  The proportion of x.2 and x.3 individuals in the catch in 
2013 was lower than that observed in previous years (Figure 2, 3). 

Body weight distributions were similarly well defined between age x.1 and x.2 
individuals, with x.1 individuals typically less than 800 g in weight, reflective of the 
bimodal distribution of body weight (Figure 3).  Mean weight of age x.1 individuals was 
490 g (104 g), 510 g (114 g), 491 g (143 g), and 496 g (111 g) for individuals caught in 
2009, 2011, 2012, and 2013, respectively.   Mean weight of age x.2 individuals was 1300 
g (221 g), 1270 g (230 g), 1251 g (251 g), and 1272 g (367 g) for individuals caught in 
2009, 2011, 2012, and 2013, respectively.  Mean weight of age x.3 individuals was 2140 
g (573 g), 2060 g (730 g), 1530 g (303 g), and 1933 g (589 g), respectively. 
  
Stock composition of Bering Sea samples 
 Alaskan-origin sockeye salmon were the most abundant in the annual catch of  
immature individuals in the central Bering Sea.  Bristol Bay origin immature sockeye 
salmon comprised 87.0% of all sockeye salmon caught during the 2009 cruise, 77.1% 
during the 2011 cruise, 77.3% during the 2012 cruise, and 81.3% during the 2013 cruise 
(Table 1).  Russian-origin salmon accounted for 8.0%, 12.1%, 18.1%, and 4.4% of the 
catch during 2009, 2011, 2012, and 2013 cruises, respectively.  Canadian-origin sockeye 
salmon accounted for 4.2%, 1.2%, 1.4%, and 6.9% of the catch during 2009, 2011, 2012, 
and 2013 cruises, respectively.  One immature sockeye salmon from Washington State 
was observed in the catch in 2011.  Sockeye salmon from Bristol Bay dominated the 
catch of Alaskan-origin salmon, with those from the Kvichak River drainage the largest 
contributor to the catch on average, with an average annual contribution of 20.5% of 
individuals estimated to be of Kvichak River origin (Table 1).  Sockeye salmon from the 
Naknek River drainage were estimated to be the next most important contributor to the 
catch, comprising an average of 17.4% of the salmon sampled.  Sockeye salmon from the 
Egegik River drainage were estimated to comprise an average of 13.1% of annual 
samples.  Sockeye salmon from the Wood River drainage were estimated to comprise an 
average of 10.0% of immature sockeye salmon sampled during the cruises, and those 
from the Nushagak River 8.1% of the individuals sampled (Table 1). 
 Russian-origin sockeye salmon caught in the central Bering Sea during 2009, 
2011, 2012, and 2013 were estimated to originate primarily, on average, from Karaginsky 
Bay (3.4%), Kuril Lake (2.8%), and Kamchatka River (1.9%) (Table 1).  Russian-origin 
sockeye salmon comprised 7.2%, 7.5%, 12.8%, and 4.2% of the age x.1 immature 
sockeye salmon sampled in 2009, 2011, 2012, and 2013, respectively, for an average of 
7.9% of the age class (Table 2).  However, Russian-origin age x.2 immature sockeye 
salmon comprised 9.4%, 18.7%, 24.5%, and 12.5% of the age x.2 sockeye salmon, 
respectively, during the cruises, for an average of 16.3% of the age class (Table 3). 
 Canadian-origin salmon were estimated to originate primarily from the Skeena 
River and river drainages to the north (Table 1).  
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     Discussion 
Bering Sea analysis 
 Size distributions of the immature sockeye salmon sampled during the research 
cruise in all four years were quite similar.  For example, the mean fork length of ocean 
age x.1 individuals differed only by 5 mm across all four years of sampling.   Mean fork 
length of ocean age x.2 individuals differed by 14 mm across across all four years of 
sampling.  Mean weight of ocean age x.1 individuals was differed by 20 g across all four 
years of sampling, while that of the x.2 individuals differed by 50 g across all four 
sampling years.   
 Analysis of stock composition indicated that the catch was dominated by stocks of 
Bristol Bay origin, similar to results of tagging experiments (Myers et al. 1996), scale 
pattern analysis (Bugaev and Myers 2009), and previous analyses of genetic stock 
composition (Habicht et al. 2010; Beacham et al. 2011).  Juvenile sockeye salmon catches 
in the eastern Bering Sea were also reported to be dominated by salmon of Bristol Bay 
origin (Seeb et al. 2011).  Based upon geography and relative abundance, sockeye salmon 
of Bristol Bay origin should be expected to dominate catches of immature sockeye 
salmon rearing in the Bering Sea, with sockeye salmon originating from Russia the next 
most abundant stock.  These were precisely the results observed from our analysis of 
immature sockeye salmon rearing in the central Bering Sea in July and August of 2009, 
2011, 2012, and 2013.  Our analysis, along with the results of Habicht et al. (2010) and 
Beacham et al. (2011), indicated that some small portion of Canadian sockeye salmon 
rear in the Bering Sea during summer, with perhaps some trace contribution by sockeye 
salmon from Washington State.  Recent genetic and otolith mark analyses indicated that 
Canadian chum salmon (O. keta) were also distributed in the Bering Sea (Urawa et al. 
2009).  As outlined by Habicht et al. (2010), it is uncertain whether rearing of Canadian-
origin salmon in the Bering Sea is something new, perhaps brought on by changes in 
climate, or is in fact typical of a normal rearing pattern of summer movement in the 
Bering Sea and winter rearing in the Gulf of Alaska. 

Improved information of location and timing of specific stocks of sockeye salmon 
in the Bering Sea and North Pacific Ocean can be obtained through the application of 
DNA technology to salmon stock identification problems.  The major limitation at the 
present time to refine knowledge on stock-specific areas of ocean residence and timing of 
migration movement is the difficulty and cost associated with obtaining the appropriate 
samples from ocean rearing areas and migration routes. 
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Table 1.  Mean catch per unit effort (CPUE 17 stations (Fig. 1)) and estimated stock compositions (%, 95% confidence limits in 
parentheses) of mixed-stock samples of sockeye salmon from the central Bering Sea, 2009-2013.  Estimated stock compositions were 
derived from applying a 404-population baseline for each sample, with a Pacific Rim distribution of the baseline ranging from Japan, 
Russia, Alaska, British Columbia, and Washington State as outlined by Beacham et al. (in press).  Reporting regions with no estimated 
stock composition are not listed.  N is sample size 
Major region Stock  Estimate  
Year  2009 2011 2012 2013 
CPUE  27.9 10.5 9.4 18.0 
N  446 177 159 313 
Washington 
State 

Washington    0.6 (0.0, 1.7)   

British 
Columbia 

Fraser River   1.9 (0.0, 2.9)    0.2 (0.0, 1.2)   0.3 (0.0, 0.6) 

 Vancouver 
Island 

  0.2 (0.0, 0.8)     0.3 (0.0, 1.0) 

 Central Coast      0.3 (0.0, 0.8) 
 Haida Gwaii      0.3 (0.0, 1.0) 
 Skeena River          0.2 (0.0, 0.7)   0.6 (0.0, 2.2)   0.6 (0.0, 1.9)   2.9 (1.0, 4.2) 
 Nass River      0.3 (0.0, 1.0) 
 Stikine River     0.4 (0.0, 1.8)   0.6 (0.0, 3.2)   0.6 (0.0, 2.6)   1.2 (0.0, 2.6) 
 Taku River      0.9 (0.0, 3.7) 
 Alsek River   1.5 (0.0, 2.8)     0.4 (0.0, 3.6) 
Southeast 
Alaska 

SE Alaska             1.8 (0.0, 3.9)   

Central Alaska Cook Inlet           0.9 (0.3, 3.1)   3.5 (1.1, 7.9)   2.3 (0.0, 4.1)   4.4 (1.4, 7.1) 
 Kodiak  Island        0.8 (0.0, 2.2)   3.7 (0.0, 5.6)   1.6 (0.0, 5.3)   3.1 (0.7, 6.1) 
Bristol Bay Ugashik River        5.7 (0.5, 6.5)   8.9 (0.0, 11.3)   2.0 (0.0, 5.8)   0.9 (0.0, 5.8) 
 Egegik River       10.5 (7.4, 16.5)   4.1 (1.1, 15.9) 17.7 (6.4, 24.9) 20.1 (11.0, 29.0) 
 Naknek River       11.7 (8.3, 18.1) 23.5 (10.0, 26.5) 18.5 (4.4, 22.9) 15.9 (7.7, 21.1) 
 Alagnak River        3.5 (1.6, 5.3)   7.3 (3.3, 12.0)    3.9 (1.2, 6.0) 
 Kvichak River      31.0 (20.7, 34.4) 13.7 (5.0, 22.9) 14.5 (7.9, 28.7) 22.7 (14.4, 28.1) 
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 Nushagak River     5.5 (2.0, 9.6) 10.4 (2.8, 14.7) 11.2 (6.1, 21.0)   5.1 (1.5, 10.7) 
 Wood River         14.7 (10.6, 18.3)   6.3 (2.6, 12.8) 11.8 (3.8, 18.0)   7.2 (3.6, 10.9) 
 Igushik  River        1.3 (0.0, 4.0)   2.9 (0.0,6.9)    1.8 (0.0, 3.4) 
 King Salmon 

River 
  3.1 (0.0, 5.5)    1.6 (0.0, 4.6)   3.7 (0.0, 5.9) 

Russia Chukotka             1.0 (0.0, 2.2)   1.3 (0.0, 4.3)   0.5 (0.0, 3.7)   0.2 (0.0, 1.2) 
 Karaginsky Bay      2.6 (0.0, 4.1)   2.2 (0.0, 6.8)   7.9 (0.3, 12.5)   0.7 (0.0, 4.6) 
 Olutorsky Bay   0.4 (0.0, 1.9)    0.6 (0.0, 1.9)   1.3 (0.0, 2.6) 
 Kamchatka 

River    
  2.0 (0.0, 3.5)   2.0 (0.0, 3.0)   2.7 (0.0, 5.5)   0.8 (0.0, 2.2) 

 Northwestern 
Kamchatka 

  0.3 (0.0, 1.0)    

 Southeastern 
Kamchatka 

    0.5 (0.0, 1.8)  

 Kuril Lake      0.5 (0.2, 3.3)   5.3 (1.0, 8.2)   4.0 (1.1, 9.2)   1.4 (0.3, 4.3) 
 Bolshaya River    0.6 (0.0, 1.4)   1.3 (0.0, 4.7)   1.3 (0.0, 3.4)  
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Table 2.  Mean catch per unit effort (CPUE 17 stations (Fig. 1)) and estimated stock compositions (%, 95% confidence limits in 
parentheses) of mixed-stock samples of age x.1 sockeye salmon from the central Bering Sea, 2009-2013.  Estimated stock 
compositions were derived from applying a 404-population baseline for each sample, with a Pacific Rim distribution of the baseline 
ranging from Japan, Russia, Alaska, British Columbia, and Washington State as outlined by Beacham et al. (in press).  Reporting 
regions with no estimated stock composition are not listed.  N is sample size 
Major region Stock  Estimate  
Year  2009 2011 2012 2013 
CPUE (age x.1)  21.2 4.5 5.3 13.7 
N  339 76 89 238 
Washington 
State 

Washington       

British 
Columbia 

Fraser River   1.6 (0.0, 3.2)       0.4 (0.0, 0.8) 

 Vancouver 
Island 

        

 Central Coast      0.3 (0.0, 1.3) 
 Haida Gwaii      0.4 (0.0, 1.3) 
 Skeena River          0.3 (0.0, 0.9)   1.7 (0.0, 3.9)   1.1 (0.0, 3.4)   3.8 (1.7, 5.9) 
 Nass River      0.4 (0.0, 1.3) 
 Stikine River     0.2 (0.0, 2.3)   1.4 (0.0, 7.5)   1.1 (0.0, 4.5)   0.7 (0.0, 2.6) 
 Taku River   0.8 (0.0, 1.8)     0.7 (0.0, 3.0) 
 Alsek River   0.9 (0.0, 6.6)     0.7 (0.0, 3.3)   0.6 (0.0, 3.5) 
Southeast 
Alaska 

SE Alaska                

Central Alaska Cook Inlet           1.5 (0.2, 3.4)   7.9 (2.6, 15.9)      5.2 (2.1, 8.1) 
 Kodiak  Island        0.6 (0.0, 3.4)   5.0 (0.0, 9.1)   1.7 (0.0, 7.0)   3.9 (0.9, 6.9) 
Bristol Bay Ugashik River        4.3 (0.0, 6.2)   12.5 (0.0, 16.4)   4.8 (0.0, 10.1)   0.2 (0.0, 5.0) 
 Egegik River       10.9 (4.8, 19.6)   5.1 (0.6, 24.0) 22.1 (8.2, 34.7) 18.0 (10.2, 26.6) 
 Naknek River       12.3 (6.4, 19.1) 28.0 (5.7, 33.4) 21.1 (4.6, 29.8) 15.9 (7.7, 21.1) 
 Alagnak River        2.9 (0.8, 5.3)   4.9 (0.0, 9.6)   0.6 (0.0, 5.2)   3.6 (0.0, 5.0) 
 Kvichak River      32.9 (19.6, 35.0) 14.0 (3.2, 28.9)  9.7 (2.7, 28.2) 24.9 (12.9, 33.3) 
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 Nushagak River     4.7 (2.2, 9.2)   5.7 (0.0, 12.8)   8.4 (2.7, 22.1)   5.9 (1.54 12.0) 
 Wood River         15.2 (10.0, 19.3)   2.0 (0.0, 8.5) 15.0 (3.5, 20.5)   6.0 (1.5, 9.3) 
 Igushik  River        1.1 (0.0, 4.9)   4.1 (0.0, 8.2)    0.2 (0.0, 5.0) 
 King Salmon 

River 
  2.4 (0.0, 5.6)       4.5 (0.0, 8.9) 

Russia Chukotka             1.5 (0.0, 2.5)   1.2 (0.0, 3.9)   0.9 (0.0, 3.5)   0.3 (0.0, 1.3) 
 Karaginsky Bay      2.3 (0.0, 5.5)      8.1 (0.0, 13.5)   1.0 (0.0, 4.0) 
 Olutorsky Bay   0.5 (0.0, 2.5)    0.6 (0.0, 5.4)   1.1 (0.0, 4.3) 
 Kamchatka 

River    
  1.4 (0.0, 4.5)   3.6 (0.0, 7.9)   1.2 (0.0, 7.1)   0.4 (0.0, 2.3) 

 Northwestern 
Kamchatka 

  0.4 (0.0, 1.1)    

 Southeastern 
Kamchatka 

      

 Kuril Lake      0.2 (0.0, 2.8)   2.7 (0.0, 5.5)   2.6 (0.0, 3.8)   1.4 (0.3, 4.3) 
 Bolshaya River    0.9 (0.0, 2.0)      
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Table 3.  Mean catch per unit effort (CPUE 17 stations (Fig. 1)) and estimated stock compositions (%, 95% confidence limits in 
parentheses) of mixed-stock samples of age x.2 sockeye salmon from the central Bering Sea, 2009-2013.  Estimated stock 
compositions were derived from applying a 404-population baseline for each sample, with a Pacific Rim distribution of the baseline 
ranging from Japan, Russia, Alaska, British Columbia, and Washington State as outlined by Beacham et al. (in press).  Reporting 
regions with no estimated stock composition are not listed.  N is sample size 
Major region Stock  Estimate  
Year  2009 2011 2012 2013 
CPUE (age x.2)  6.4 5.6 3.7 3.3 
N  102 94 63 57 
Washington 
State 

Washington    1.1 (0.0, 2.1)   

British 
Columbia 

Fraser River   2.0 (0.0, 4.9)    

 Vancouver 
Island 

    

 Central Coast     
 Haida Gwaii     
 Skeena River                  
 Nass River     
 Stikine River              2.0 (0.0, 8.8) 
 Taku River      3.1 (0.0, 10.0) 
 Alsek River   1.1 (0.0, 4.4)     1.6 (0.0, 6.4) 
Southeast 
Alaska 

SE Alaska             2.3 (0.0, 5.3)   

Central Alaska Cook Inlet                 2.9 (0.0, 6.6)    
 Kodiak  Island          1.8 (0.0, 7.3)   1.1 (0.0, 4.9)   1.4 (0.0, 7.2)   1.6 (0.0, 5.4) 
Bristol Bay Ugashik River        12.2 (0.0, 17.2)   4.6 (0.0, 8.1)       
 Egegik River       10.4 (2.5, 23.4)   6.1 (0.0, 12.6)   9.4 (0.0, 26.4) 25.9 (9.6, 36.0) 
 Naknek River         8.6 (1.8, 18.1) 21.9 (5.2, 26.5) 14.5 (0.8, 23.3)   8.9 (0.0, 19.7) 
 Alagnak River        5.6 (0.0, 10.3)   9.1 (2.4, 16.6)    4.4 (0.0, 10.0) 
 Kvichak River      23.6 (8.7, 32.9) 14.7 (6.1, 29.6) 17.3 (4.3, 34.2) 23.8 (2.3, 29.3) 
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 Nushagak River     8.8 (0.3, 16.1) 11.0 (0.7, 20.3) 15.8 (3.3, 31.9)     4.9 (0.0, 18.7) 
 Wood River         13.9 (5.1, 22.0)   9.3 (1.4, 17.1) 11.9 (1.2, 20.4)   11.3 (0.4, 18.6) 
 Igushik  River        1.6 (0.0, 6.1)        
 King Salmon 

River 
  1.0 (0.0, 5.5)    2.5 (0.0, 7.5)    

Russia Chukotka             0.3 (0.0, 3.8)   1.4 (0.0, 6.0)   0.5 (0.0, 3.7)    
 Karaginsky Bay      3.2 (0.0, 6.7)   3.6 (0.0, 12.6)   4.8 (0.3, 14.0)   0.4 (0.0, 11.1) 
 Olutorsky Bay       1.3 (0.0, 6.4)   3.7 (0.0, 7.5) 
 Kamchatka 

River    
  2.3 (0.0, 5.7)   1.2 (0.0, 6.0)   5.0 (0.0, 11.0)   2.6 (0.0, 9.1) 

 Northwestern 
Kamchatka 

      

 Southeastern 
Kamchatka 

    1.5 (0.0, 4.7)  

 Kuril Lake      2.5 (0.0, 7.4)   7.5 (1.2, 12.8)   8.7 (0.9, 17.7)   5.8 (0.0, 16.3) 
 Bolshaya River    1.1 (0.0, 4.5)   5.0 (0.0, 8.1)   2.7 (0.0, 5.8)  
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Figure 1.  Catch locations of immature sockeye salmon during the 2009, 2011, 2012, and 2013 
research cruises of the Hokko-maru in the central Bering Sea, with catch abundance outlined by 
size of the symbol.   
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Figure 2.  Frequency histogram based upon fork length of immature sockeye salmon caught 
during the 2009, 2011, 2012, and 2013 research cruises of the Hokko-maru in the central Bering 
Sea. 
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Figure 3.  Frequency histogram based upon weight (grams) of immature sockeye salmon caught 
during the 2009, 2011, 2012, and 2013 research cruises of the Hokko-maru in the central Bering 
Sea. 
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Abstract 
 

Information collected by data storage tags carried by salmon during their high-seas migrations 
provides researchers with new tools to examine important salmon behavioral responses to environmental 
variables in the ocean.  This information is crucial to understanding how changes in production and 
salmon migration might be impacted by ocean conditions and pertains directly to the 2011-2015 NPAFC 
Science Plan on forecasting Pacific salmon production in ocean ecosystems under conditions of changing 
climate.  The High Seas Salmon Research Program of the University of Washington offered to provide 
the NPAFC Secretariat with data storage tag information gathered by tags recovered from salmon and 
steelhead ocean tagging operations.  Mr. Robert Walker, Project Leader of the High Seas Salmon 
Program (now retired), who is a published expert on these tags, was contracted by NPAFC to organize the 
transfer of the data storage tag information.  To complete the work, he organized, reviewed, interpreted, 
and fully documented the data gathered from the individual data storage tags.  This task represents a 
portion of the work undertaken by the Committee on Scientific Research and Statistics (CSRS) to address 
the transfer of data sets to the Secretariat and to make them available in electronic form as outlined in 
CSRS List of Actions No. 7.   

A total of 92 data storage tags were recovered from 38 chum, 21 sockeye, 15 coho, 10 pink, 7 Chinook 
salmon and one steelhead trout.  Of the 92 tags, eight failed completely and four others experienced 
partial failures.  This report provides explanations for raw and modified tag data files, individual tag 
metadata, and graphs for data visualization for the functioning tags.   

Investigators considering exploring and using the data files from the data storage tags will find the 
information and guidance provided in this report crucial to understanding data file organization and data 
considerations important to appropriate use of the information from the tags.  Previously published peer-
reviewed articles and processed reports based on data originating from these data storage tags are listed 
for the convenience of researchers needing additional background information.   
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Introduction 
 

This report discusses data files and data from data storage tags placed on Pacific salmon and steelhead 
trout (Oncorhynchus spp.) by the University of Washington’s High Seas Salmon Research Program (UW 
HSSRP).  The data are being provided to the North Pacific Anadromous Fish Commission (NPAFC) for 
archiving and public use.  The report provides a brief background on the history and types of data tags 
used by the HSSRP, but is primarily concerned with providing information, insight, and guidance to users 
of the data, with particular emphasis on problems with the data. 

A total of 92 data storage tags were returned (Appendix Table 1).  Of these, eight failed completely 
and no data were available from them, and four others experienced partial failures that made their data 
unusable (metadata and raw data are available for these tags).  Raw and modified data and metadata are 
available for the remaining 80 tags. 
 
Background 

A meeting was held in Seattle in 1996 to discuss and encourage the placement of newly developing 
data and acoustic tags on salmon (Boehlert 1997).  Kevin Friedland, a scientist at National Marine 
Fisheries Service’s Northeast Fisheries Science Center, was contracting for development of data tags to 
place on Atlantic salmon.  The contractor, Kiwi Group, in turn subcontracted Conservation Devices Inc. 
to produce the tags.  Friedland provided some of his tags to the UW HSSRP in 1998, and the High Seas 
group began placing these tags on Pacific salmon during research cruises that year.  Another participant at 
the 1996 meeting, David Welch of the Pacific Biological Laboratory of Canada’s Department of Fisheries 
and Oceans, made a proposal at the 1997 NPAFC Annual Meeting for the Commission to support a 
program of placing archival tags on Pacific salmon during research cruises of NPAFC member countries.  
This led to creation of the Ad Hoc Working Group on Archival Tags that year.  A document with a 
rationale, outline, and budget for a large scale field program was submitted at the 1998 Annual Meeting 
(Welch et al. 1998), and the Working Group met to discuss a possible program in 1998 and 1999, before 
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disbanding in 1999.  While that program was not organized and funded by NPAFC, the Commission 
submitted a proposal to the North Pacific Research Board (NPRB) in 2001 for purchase of several types 
of data tags to be used on research cruises.  The proposal was funded, and a total of 585 tags was acquired 
and used in 2003-2006 (Walker et al. 2006).  Kevin Friedland contracted AlphaMach, Inc., to package 
commercially available temperature loggers (Dallas Semiconductor iButtons) in a waterproof casing for 
small, inexpensive tags that could be attached to Atlantic salmon smolts.  A number of these tags were 
purchased through the NPRB grant.  Scientists (primarily Jim Murphy) at Auke Bay Laboratory of the 
Alaska Fisheries Science Center, NOAA, were also purchasing Lotek temperature-depth tags at this time 
(Murphy and Heard 2001, 2002).  Both used and unused tags were frequently traded between our two 
programs as research cruise plans developed and presented tagging opportunities. 

This brief overview does not cover the extensive use of data tags by Japanese scientists, starting in the 
1990s, nor the use of radio and acoustic telemetry tags by several groups. 
 
Background references: 
Boehlert, G.W. (ed.) 1997. Application of acoustic and archival tags to assess estuarine, nearshore, and 

offshore habitat utilization and movement by salmonids. NOAA Tech. Mem. NOAA-TM-NMFS-
SWFSC-236.  62 p. (Available swfsc.noaa.gov/publications/TM/SWFSC/NOAA-TM-NMFS-
SWFSC-236.PDF) 

Murphy, J.M., and W.R. Heard. 2001. Chinook salmon data storage tag studies in Southeast Alaska, 
2001. N. Pac. Anadr. Fish Comm. Doc. 555. 21 p. Auke Bay Laboratory, Alaska Fisheries Science 
Center, National Marine Fisheries Service, NOAA. (Available at www.npafc.org) 

Murphy, J.M., and W.R. Heard. 2002. Chinook salmon data storage tag studies in Southeast Alaska, 
2002. N. Pac. Anadr. Fish Comm. Doc. 632. 16 p. Auke Bay Laboratory, Alaska Fisheries Science 
Center, National Marine Fisheries Service, NOAA. (Available at www.npafc.org) 

Walker, R.V., J.H. Helle, K.W. Myers, N.D. Davis, J.M. Murphy, S. Urawa, O.S. Temnykh, V.V. 
Sviridov, and V.G. Fedorenko. 2006. NPAFC Salmon Tagging. North Pacific Research Board Final 
Report 204. 37 p. (Available at project.nprb.org) 

Welch, D.W., J.H. Helle, and J.P. Eveson. 1998. A proposal for an international salmon research program 
using archival tags. N. Pac. Anadr. Fish Comm. Doc. 307. 9 p. (Available at www.npafc.org) 

 
Tags 

The tags discussed here have been variously referred to as archival tags, data tags, data storage tags 
(DSTs), data loggers, time/depth recorders, etc.  (Other electronic tags, such as radio or acoustic telemetry 
tags, were not used and are not discussed in this report.) 

The data tags used by the HSSRP came from Friedland’s initial Kiwi tags, subsequent direct 
purchases from CDI and Lotek (Lotek purchased CDI’s fish data tag business in April 2001 and 
continued producing temperature-depth tags), purchases by the Auke Bay Laboratory of the Alaska 
Fisheries Science Center, NOAA, and the NPRB grant to NPAFC.  The different types of tags used 
variously recorded temperature, temperature and depth/pressure, or temperature, depth/pressure, and 
salinity/conductivity (Table 1).  (A geolocation tag model that recorded temperature, depth, and light was 
placed on fish one year, but no recoveries were made, and those tags are not discussed further.)  The tags 
were usually numbered by the manufacturer (iButton tags were not numbered).  Our convention was to 
use these numbers, but to affix a prefix indicating the type of data recorded.  These prefixes are: 
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T temperature only 
TD temperature and depth/pressure 
CTD temperature, depth/pressure, and salinity/conductivity 
iB temperature only, iButton tags of limited storage capacity 

In two cases tags were reused in a subsequent year and recovered a second time.  In these cases the tag 
number is augmented with a suffix of an underscore and the appropriate year of tag release (TD793_1999 
and TD793_2000, and TD7467_2004 and TD7467_2006).   In four cases, tags had been previously used 
and recovered by NOAA scientists (TD941, TD1348, TD1396, TD1603).  
 
 
Table 1.  Models of tags, manufacturers, types of data collected, storage capacity, and years used. 
Tag 
model 

Manufacturer Type of data UW tag 
prefix 

Storage 
(Kb) 

Years 

RL-05 Kiwi/CDI temperature T 8 1998-1999
RL-31 CDI temperature, depth TD 32 1999-2000
RL-41 CDI temperature, depth TD  32 2000
RL-42 CDI/Lotek temperature, depth TD  32 2001
LTD1100-
300 

Lotek temperature, depth or 
pressure 

TD  32 2002-2003

LTD1100-
500 

Lotek temperature, pressure TD  64 2003-2007

LTD2400
* 

Lotek temperature, pressure, light LTD 128 2005

LAT1400 Lotek temperature, pressure TD 128 2008
iB4 AlphaMach temperature iB 2 2002-2003
iBLite AlphaMach temperature iB 2 2003
iBKrill AlphaMach temperature iB 2 2003-2005
CTD StarOddi temperature, depth, salinity CTD 128 2004-2006
* no recoveries 
 
 

Data files available 
 

Data are being made available in two forms, raw data and modified data.  In addition, two other files 
associated with each tag type are also provided: a metadata file, describing features and formats for each 
tag, and a graph file for easy visualization of the data. 
 
Raw data  (text files) 

Raw data includes all data downloaded from the tag, usually by the original download software, with 
no corrections or modifications. 

Modified data  (text files) 
Modified data files include data from the period of fish activity only.  The data may be further 
modified by adjustment of time to the time zone of fish release, adjustments for time drift, correction 
of data spikes, calculation of depth from pressure, adjustments to correct depth data errors, and 
estimation of daylight periods. 
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Metadata  (Word document) 
Metadata includes ancillary data such as the species tagged, time and location of tag release and 
recovery, biological data, number of data records, tag model, specification of time interval, 
descriptions of raw and modified data, and any associated adjustments or corrections, methods of 
conversions, etc. 

Graph  (PDF) 
Graph files include a graph of temperature (and depth) data against time, for easy visualization of data 
patterns, plus ancillary data such as species, biological data, and catch and release gear, dates, and 
locations.  Note that graphs are intended only for presentation of data, not as a substitute for analysis 
of the data.  Some differences may exist.  Note that tick marks on the x-axis (date) usually represent a 
day but do not start at a particular time of day.  Marks are at a fixed number of data intervals, and 
because there are often two data intervals, there may be two marks per day near the middle of the 
graph (see Time/Date section below for discussion of data intervals).  Because there is twice as much 
data for these days, they appear longer (or wider on the graph) than preceding or following days. 

 
 

Data considerations, issues, and cautions 
 
Number of data records 

Raw data files report all data downloaded from the tag (total records).  This includes data collected 
before fish were tagged and after fish were caught.  The number of data records is usually equal to the 
total storage of the tag.  The download software for the first Kiwi/CDI temperature-only tags (1998-1999) 
reported data recorded only at the current interval (see Time/Date section below), so the total reported 
records are fewer than the tag capacity.  Tags which were programmed for data intervals (iButtons, CTD, 
LAT1400) which were recovered before the programmed intervals filled the tag memory also have fewer 
records than the total capacity. 

Because data before tagging and after recovery is not of interest, it was edited out of the modified 
data files.  The records for the period from the release of a tagged fish until its capture are referred to as 
active fish records.  In most cases when selecting the fish activity period there was a clear, abrupt change 
in either temperature or depth or both.  In addition, the time of fish release was usually recorded in field 
notes, and in some cases time of fish capture was reported by a fisherman.  In a few cases, it was difficult 
to accurately determine the exact point of fish capture, and a reasonable point was chosen.  In these cases, 
there are long periods of relatively uniform temperature and depth data before and after the chosen point. 
 
Time/Date 

The main type of tag we used was the CDI tag and its Lotek temperature/depth successors.  This tag 
did not have an internal clock; instead it had a timer.  The timer measured intervals between data 
collection.  When the data were downloaded, the download software would take the time on the 
computer’s clock and the tag data intervals and calculate times.  The last data cell was given the time at 
that moment on the computer, and all previous times were calculated backwards from there by adding up 
the intervals.  This method is susceptible to various problems, as noted below. 

CDI and Lotek tags had a feature called Time Extension Recording, a rollover feature to maximize 
data collection with available tag storage when end points are unknown.  When the computer memory 
filled, the collection interval was doubled and new data was written over every other cell of the older, 
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shorter-interval data, starting from the beginning.  In writing the new, longer-interval data over every 
other cell starting with the oldest data, the interval of the oldest data was also consequently doubled 
(every other cell written over).  Thus the newest and oldest data were at the newer, longer interval, and 
data in the middle of the chronological collection sequence was still at the older, shorter interval.  In the 
tag memory, data is not chronologically sequential as a result, with newer data alternating with older data, 
but the download software unscrambles the interleaved data, putting it in the correct order.  Data intervals 
were fractions of an hour, starting at 14.0625 seconds (1/256th of an hour) and doubling from there to one 
or two hour intervals at the maximum.  The great majority of our data intervals are between 1.875 minutes 
and 1 hour.  The earliest temperature-only CDI tag download software reported all data at the newer, 
longer interval, so all intervals were uniform.  However, this meant not reporting older data at a shorter 
interval that had not yet been written over, so considerable data could be lost, and the number of data 
records was variable (complete memory was not reported).  Subsequent versions of the download 
software reported all of the tag memory.  This meant that data were now at two different intervals, with 
the longer interval at the beginning and end of the data file and the shorter interval in the middle.  Please 
keep in mind this non-uniform feature.  It is visually apparent on the graphed data, where middle days 
are “longer” than earlier or later days because they have more data points.  In the early version of the 
multiple-interval download software (1999-2000), a pair of erroneous temperature and (usually) depth 
data spikes occurred, primarily at the first interval junction.  Dealing with those spikes is discussed below 
under temperature and depth.  

The StarOddi CTD tags and AlphaMach iButton tags, and one newer version Lotek model 
LAT_1400, had internal clocks programmed for fixed times. 
 
Inaccurate time on computer – A small problem.  Usually at tag download, the computer time was 
compared to US Naval Observatory master clock online for time discrepancy, or the computer clock was 
reset to match the master clock. 
 
Time zone – A major consideration, but usually not a problem.  Since time is taken from the computer, 
the time zone for the downloaded data will be that of the computer.  Tags were downloaded in both 
standard and daylight times in Massachusetts, Seattle, and Alaska, and in Japan.  To assess fish behavior 
and data relative to time of day, a conversion (including daylight vs. standard time) must be made to the 
appropriate time zone where the fish was tagged or migrated.  All times are in terms of Universal 
Coordinated Time (UTC) hours east (plus) or west (minus) of the prime meridian, longitude 0°.  UTC is 
essentially equivalent to Greenwich Mean Time (GMT) or military Zulu (Z) time.  Time zones are 
measured in 15° longitude increments east or west of the prime meridian.  One factor for our data was 
that many fish were tagged on or near the International Date Line, 180°.  Times east of there (Alaska side, 
west longitudes) were UTC-12, while those west of there (Asia side, east longitudes) were UTC+12, so 
date and times had to be carefully checked.  For salmon tagged along the date line, the appropriate time 
zone was chosen dependent on direction of migration: UTC+12 for fish migrating to Asia, or UTC-12 for 
fish migrating to Alaska  Local civil times were not used as they are sometimes not congruent with sun 
times.  For example, daylight time is off by one hour, and Alaska Standard Time (in order to be closer to 
the majority of the U.S.) is off by one to two hours (UTC-9, vs actual local zones of UTC-10 or -11).  
Time zones for fish data were selected as the nearest or most appropriate sun time zone longitude.  For a 
few tags, the time zone of data download was not well documented and had to be carefully deduced. 
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Time drift.  The timer, or clocks in tags that had them, could be either fast or slow.  Time drift for tags 
with timers was assessed by comparison with known times of tag initiation or fish release.  These times 
were usually noted in field data.  Since the last cell would always be taken from the computer clock and 
be accurate, comparison was made with the first cell, time of tag initiation.  Time drift was greater in the 
earlier years of tag development.  If drift was small (especially if it was small in comparison with the data 
collection interval), it usually is not noted in the metadata.  If it was larger (usually 15 to 20 minutes or 
more), an adjustment was made in the modified data, but not in the raw data. 

For tags with clocks, comparison of the tag clock at time of download with that of the computer 
showed if there was drift.   
 
Separate download times for temperature and depth.  In the earliest version of download software for 
temperature and depth tags (1999), both types of data were not downloaded simultaneously.  The tag data 
had to be downloaded twice, once for each type of data.  Temperature and depth data were combined into 
one file, using the times for the first type of data downloaded.  The downloads were usually made within 
a very short time of each other (less than a minute), but the offset download times yielded different 
backcalculated times even though the data had been collected simultaneously.  It was not difficult to 
match the data in these cases, and for ease of use these combined files are those archived as raw data 
although they are not the original file for one of the data types.  For a few tags temperature and depth data 
were downloaded several minutes apart.  This allowed more data to be collected and written over older 
data, and produced slightly mismatched data sets.  In one case (TD802), blank values were inserted 
opposite depth values at shorter intervals.  In another (TD793_1999) one depth value was eliminated so 
that data would match. 
 
Bad timer.  In one instance (TD10645), the timer was faulty.  After an eight month deployment the timer 
yielded times and dates over a fourteen year period, with two and four hour intervals.  With known 
elapsed time it was possible to figure out the actual intervals and calculate approximately correct times 
and dates.  
 
Failed tags.  In several cases, tags failed after initially collecting good data for a period of time.  No 
further data were collected, and the timers did not change intervals, but interval information was recorded 
and was accurate.  Since data were downloaded some time later and times were backcalculated, data 
collection times and dates were very inaccurate.  From tag initiation date and time and the data intervals 
downloaded, it was possible to figure when the tag had stopped and apply a correction that gave 
approximately correct dates and times. 
 
Data recording intervals.  Data intervals were usually accurate.  For tags with time drift, intervals could be 
slightly longer or shorter than indicated.  If a major adjustment was made by applying an interpolated 
adjustment from different earlier and later values (rather than a fixed adjustment applied uniformly), 
intervals may show that. 
 
Temperature 

There were few readily apparent problems with temperature data.  Tag temperatures recorded at time 
of release usually were close to sea surface temperatures recorded by the research vessel.  Laboratory 
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tests were run on several tags using ice water and water at room temperature.  Tag temperatures were 
close to those on thermometers. 
 
Temperature spikes.  As noted above, in 1999 and 2000 download software would create spurious 
temperature spikes at the junction between longer and shorter data collection intervals.  These usually 
took the form of a pair of high (over 20°C) values separated by a normal value.  The spikes were usually 
only at the first (longer to shorter interval) junction, but sometimes also occurred at the second (shorter to 
longer interval) junction as well.  These spikes are uncorrected in the raw data.  They are corrected in the 
modified data by either copying adjacent temperature values if temperatures were constant or 
interpolating between adjacent values. 
 
Negative temperatures.  Sometimes the tags recorded negative temperatures.  We believe that these data 
are usually accurate.  Seawater temperatures can be negative without freezing, particularly at depth, and 
salmon could encounter very low positive or even negative temperatures in several places.  Chum salmon 
migrating from the Bering Sea to Japan pass along or through the Kuril Islands.  Deeper water flowing 
out of the Sea of Okhotsk is very cold.  In the tag data this produces a pronounced drop in the otherwise 
gradually increasing temperatures from the Bering Sea to coastal Japan.  (Temperature graphs for 
Japanese chum salmon thus show a pattern that somewhat resembles the silhouette of a sauropod 
dinosaur.)  The other cold location is in the Bering Sea, particularly the eastern Bering Sea shelf in winter.  
Negative temperatures were not corrected.  
 
Depth 

The depth sensor on temperature-depth tags was the most likely to fail.  Tags did not measure actual 
depth, but water pressure.  The CDI versions of download software converted pressure data and reported 
depths.  Like the timer, pressure measurements were relative, and Depth was calculated by the download 
software from pressure data recorded on the tag.  Like the timer, pressure measurements were relative, 
and the download software took atmospheric pressure at the time of download (at location of 
downloading computer) as 0 m (sea level) and transformed all pressure measurements into depths from 
that reference point.  Depth data is thus influenced by atmospheric conditions and elevation at download; 
however, density of air is much less than that of water and the effect is very small.  Most tags were 
downloaded in Seattle, Washington at an elevation of approximately 10 m. 

Later download software from Lotek reported measurements as pressure in pounds per square inch 
(psi) instead of depth.  For raw data files, pressure data is archived.  For modified data, a formula was 
used to convert pressure data to depth estimates:  

depth (in meters) = pressure (in psi) x 0.703242 x 0.9765 
   where 0.703242 is a conversion factor for psi to meters of water 
       and 0.9765 is an adjustment for the density of saltwater at 32.5 ppt vs freshwater. 

Both pressure and estimated depth data are included in modified data files. 
A few tags were downloaded using both the older meter-reporting and newer psi-reporting software.  

Comparisons were made between depths downloaded in meters and those calculated from psi.  In a few 
cases the psi-calculated depths were consistently deeper by a few meters.  The meter-reporting downloads 
were judged to be more accurate, because the psi depths never approached the surface.  In these cases, 
psi-calculated depths were adjusted by subtracting an appropriate value. 
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The last Lotek tag used (TD0601) reported pressure in decibars (dbars) which is approximately 
equivalent to depth in meters.  (There is an approximately 1% difference, or about 1 m at 100 m depth.  
Dbar values are unadjusted.) 

CTD tags report depth in meters. 
 
Depth spikes.  As noted above, in 1999 and 2000 download software would create spurious depth spikes 
at the junction between longer and shorter data collection intervals.  These usually took the form of a pair 
of high (700 m) values separated by a normal value.  Sometimes the “spikes” were low values (0 or a few 
meters) in a sequence of deeper values.  The spikes were usually only at the first (longer to shorter 
interval) junction, but sometimes also occurred at the second (shorter to longer interval) junction as well.  
These spikes are uncorrected in the raw data.  They are corrected in the modified data by either copying 
adjacent depth values if temperatures were constant or interpolating between adjacent values. 
 
Negative depths.  Some tags have negative (above sea level) depth values.  These are when the salmon is 
near the surface and the tag is not precisely calibrated.  Similarly, for some tags, the minimum depth is 
always one or two meters below the surface.  Neither type of error has been corrected in the data.  Data 
can be evaluated and a constant value can be added to or subtracted from the tag data.  The errors are 
usually small.  In some cases “depth drift” can be detected, where minimum depths gradually become 
slightly shallower or deeper.  These have not been corrected. 
 
Exceeded depth sensor.  For one tag (TD1401) the fish exceeded the maximum depth the tag was 
designed to record, 300 m (in practice, the maximum depths recorded were 343 m).  Maximum depths in 
the data for this Chinook salmon are inaccurate. 
 
Depth sensor failure.  On a number of tags, there were failures of the depth sensor.  This was usually 
manifested by large jumps between maximum and minimum values, or sometimes by uniformly extreme 
values with some modulation similar to the variations in the normal range.  In a few cases (noted in 
metadata of the relevant tags) depth data could be recovered by a linear transformation or by adding a 
value.  In most cases, the depth changes were too inconsistent and random to make a reliable 
transformation.  In tags with this problem, temperature data were usually still good. 
 
Salinity 

Only four CTD tags were recovered.  One failed completely with no recoverable data.  Two had 
faulty salinity data.  The manufacturer had cleaned the covers of the conductivity sensor with a material 
which acted as a coating, but which gradually dissolved after the fish was released.  This meant that initial 
salinities were inaccurate, and salinity values gradually increased over a period of several weeks.  Later 
salinity values may be accurate.  The coating problem had been eliminated by the time the final CTD tag 
was used and recovered (CTD1899).  Those data appear to be accurate.  On all three tags, entry into 
freshwater is apparent. 
 
Day/Night data 

The tags did not record light levels.  In order to analyze data and behavior with respect to day or 
night, estimations were made.  The time of sunrise and sunset at the points of tagging and release were 
retrieved from the United States Naval Observatory (USNO) at their website: 
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http://www.usno.navy.mil/USNO/astronomical-applications/ (Complete Sun and Moon Data for One 
Day).  In some cases an intermediate point was chosen if the fish had to change its direction substantially 
to migrate home or if the fish was at liberty over a year.  The times were converted to decimal hour 
values.  Sunrise and sunset values for the release point were placed in adjacent cells for the first record of 
fish activity, and values for the tag recovery location were placed adjacent to the last record.  The Fill 
Series command in Microsoft Excel was then used to provide linear interpolations of sunrise and sunset 
between the release and recovery points.  Then an IF statement was used for each data point to test if it 
was between sunrise and sunset (Day) or sunset and sunrise (Night): 

[=IF(AND((HOUR([Time/Date cell])+(MINUTE([Time/Date cell])/60))>=[est. sunrise 
cell],(HOUR([Time/Date cell])+(MINUTE([Time/Date cell])/60))<[est. sunset cell]),1,0)]    

A value of 1 was assigned for Day and 0 for Night. 
 
Failure in saltwater   

Placing electronics in saltwater is risky.  All tags were encased in a coating or housing, but sealants 
were susceptible to leakage, especially as salmon dove to depths.  In the CDI and Lotek tags the sealant 
over the pressure sensor was softer than the surrounding urethane potting material.  The boundary 
between these materials was susceptible to leakage.  A supposed improvement to Lotek tags in 2004 
actually led to more tag failures that year.  Tags by AlphaMach and StarOddi also failed from leakage 
through sealants.  Several tags had total failure, with no data retrievable (Table 2).   
 
 
Table 2.  Data tags which failed completely, with no retrievable data. 
Data Tag 
No. 

Tag type Species Release 
year 

Release location Recovery 
year 

Recovery location 

iBG02 iB4 Sockeye 2003 Gulf of Alaska 2004 Ketchikan, AK 
iBG03 iB4 Chinook 2003 Gulf of Alaska 2004 Columbia R., WA 
iBW65 iBLite Pink 2003 Bering Sea 2003 Karaginsky Bay, 

Russia 
CTD1379 CTD Chum 2004 Bering Sea 2004 Hokkaido, Japan 
iBK050 iBKrill Chum 2004 Bering Sea 2004 Hokkaido, Japan 
iBK052 iBKrill Chum 2004 Bering Sea 2004 Hokkaido, Japan 
TD7457 LTD1100-

500 
Chinook 2004 Bering Sea 2005 Kamchatka R., 

Russia 
TD7491 LTD1100-

500 
Sockeye 2004 North Pacific 2004 Shumagin Is., AK 
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Other tags experienced failure partway into a mission, either stopping completely, or recording faulty data 
(almost always depth data).  For four of these tags, the data are bad and for the most part unusable (Table 
3).  Raw data, metadata, and a graph (for three tags) are available for these files.   

 
Table 3.  Data tags which failed for which data were retrieved but were unusable.  Raw data and metadata 
are available. 
Data Tag 
No. 

Tag type Species Release 
year 

Problem with data 

TD5991 LTD1100-
500 

Chum 2004 Tag failure after 16 days; erroneous dates; erratic 
jumps between extreme values, with some normal 
periods between, especially for temperature 

TD7480 LTD1100-
500 

Chum 2004 Tag failure after 14 days; erroneous dates; jumps 
between pressure and temperature extremes, then 
flatline 

TD7484 LTD1100-
500 

Chinook 2004 Tag failure after 122 days; pressure data flat at 
extreme value; lower temperature values have 
fixed floor 

TD8101 LTD1100-
500 

Coho 2004 Possibly no fish activity data; pressure data show 
extreme jumps; temperature data fluctuates 

 
 
Sometimes a portion of the data was usable or could be transformed to what appeared to be normal 
values.  Some tags stopped recording data completely at a certain point, but data up to that point were 
good, and the only challenge was figuring out correct times and dates from the time intervals on the tag 
and other information.  These tags were treated like tags with good data, with appropriate notations and 
descriptions of treatment in the metadata.  Sometimes a portion of the data was usable or could be 
transformed to what appeared to be normal values.  Note the comments in Appendix Table 1. 
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Appendix Table 1.  List of file names for data from tag data files provided by the High Seas Salmon Research Program, University of Washington. 
 

DST Tag 
Number(DSTNo) 
(NPAFC disk tag 

database) 

Archived 
data tag 
number 

Raw data 
filename 
(.txt) 

Modified data 
filename (.txt) 

Graph 
filename 
(.pdf) 

Metadata filename 
(.docx) 

Comments 

             
KIWI52  T52  T52raw  T52mod  T52graph  T52metadata  coho salmon  
KIWI189  T189  T189raw  T189mod  T189graph  T189metadata  pink salmon 
KIWI198  T198  T198raw  T198mod  T198graph  T198metadata  steelhead trout 
T255  T255  T255raw  T255mod  T255graph  T255metadata  chum salmon 
KIWI259  T259  T259raw  T259mod  T259graph  T259metadata  chum salmon 
T271  T271  T271raw  T271mod  T271graph  T271metadata  chum salmon 
T274  T274  T274raw  T274mod  T274graph  T274metadata  chum salmon 
T299  T299  T299raw  T299mod  T299graph  T299metadata  chum salmon 
T146  T146  T146raw  T146mod  T146graph  T146metadata  chum salmon 
T151  T151  T151raw  T151mod  T151graph  T151metadata  sockeye salmon 
T168  T168  T168raw  T168mod  T168graph  T168metadata  Chinook salmon 
FRI247  T247  T247raw  T247mod  T247graph  T247metadata  chum salmon 
T301  T301  T301raw  T301mod  T301graph  T301metadata  sockeye salmon 
T311  T311  T311raw  T311mod  T311graph  T311metadata  sockeye salmon 
T344  T344  T344raw  T344mod  T344graph  T344metadata  sockeye salmon 
T351  T351  T351raw  T351mod  T351graph  T351metadata  sockeye salmon 
T354  T354  T354raw  T354mod  T354graph  T354metadata  sockeye salmon 
TD764  TD764  TD764raw  TD764mod  TD764graph  TD764metadata  pink salmon 
TD784  TD784  TD784raw  TD784mod  TD784graph  TD784metadata  coho salmon 
TD792  TD792  TD792raw  TD792mod  TD792graph  TD792metadata  coho salmon 
TD793  TD793_1999  TD793_1999r

aw 
TD793_1999mod  TD793_1999 

graph 
TD793_1999metadata   pink salmon 

TD796  TD796  TD796raw  TD796mod  TD796graph  TD796metadata  coho salmon 
TD797  TD797  TD797raw  TD797mod  TD797graph  TD797metadata  coho salmon 
TD802  TD802  TD802raw  TD802mod  TD802graph  TD802metadata  coho salmon 
TD809  TD809  TD809raw  TD809mod  TD809graph  TD809metadata  sockeye salmon 
TD793  TD793_2000  TD793_2000r

aw 
TD793_2000mod  TD793_2000 

graph 
TD793_2000 
metadata 

coho salmon; depth data faulty; coarsely 
corrected 

TD RL‐31 1078  TD1078  TD1078raw  TD1078mod  TD1078graph  TD1078metadata  sockeye salmon; depth data faulty;  
corrected by formula 
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DST Tag 
Number(DSTNo) 
(NPAFC disk tag 

database) 

Archived 
data tag 
number 

Raw data 
filename 
(.txt) 

Modified data 
filename (.txt) 

Graph 
filename 
(.pdf) 

Metadata filename 
(.docx) 

Comments 

TD1084  TD1084  TD1084raw  TD1084mod  TD1084graph  TD1084metadata  coho salmon 
TD1087  TD1087  TD1087raw  TD1087mod  TD1087graph  TD1087metadata  coho salmon 
TD1092  TD1092  TD1092raw  TD1092mod  TD1092graph  TD1092metadata  coho salmon 
TD RL‐42 941  TD941  TD941raw  TD941mod  TD941graph  TD941metadata  pink salmon 
LTD1112  TD1112  TD1112raw  TD1112mod  TD1112graph  TD1112metadata  sockeye salmon; depth data adjusted by 

formula 
TD RL‐42 1337  TD1337  TD1337raw  TD1337mod  TD1337graph  TD1337metadata  coho salmon 
TD RL‐42 1348  TD1348  TD1348raw  TD1348mod  TD1348graph  TD1348metadata  coho salmon; raw data incomplete, only 

records for fish activity 
LTD1401  TD1401  TD1401raw  TD1401mod  TD1401graph  TD1401metadata  Chinook salmon; fish exceeded 

maximum tag depth of 300 m 
LTD1587  TD1587  TD1587raw  TD1587mod  TD1587graph  TD1587metadata  pink salmon 
LTD1334; iB20  TD1334  TD1334raw  TD1334mod  TD1334graph  TD1334metadata  chum salmon; also carried tag iB20 
LTD1373; iB26  TD1373  TD1373raw  TD1373mod  TD1373graph  TD1373metadata  chum salmon; also carried tag iB26 
LTD1565; iB29  TD1565  TD1565raw  TD1565mod  TD1565graph  TD1565metadata  chum salmon; also carried tag iB29 
LTD1334; iB20  iB20  iB20raw  iB20mod  iB20graph  iB20metadata  chum salmon; also carried tag TD1334 
LTD1373; iB26  iB26  iB26raw  iB26mod  iB26graph  iB26metadata  chum salmon; also carried tag TD1337 
LTD1565; iB29  iB29  iB29raw 

 
iB29mod 

 
iB29graph 

 
iB29metadata 

 
chum salmon; also carried tag TD1565 

iB4 G02  iBG02   sockeye salmon; complete failure ‐ no 
data available 

iB4 G03  iBG03

17

          Chinook salmon; complete failure ‐ no 
data available 

iBW31  iBW31  iBW31raw  iBW31mod  iBW31graph  iBW31metadata  sockeye salmon 
iBL W32  iBW32  iBW32raw  iBW32mod  iBW32graph  iBW32metadata  chum salmon 
iBL W064  iBW64  iBW64raw 

 
iBW64mod 

 
iBW64graph 

 
iBW64metadata 

 
pink salmon 

iBL W065  iBW65   pink salmon; complete failure ‐ no data 
available 

iBL W075  iBW75  iBW75raw  iBW75mod  iBW75graph  iBW75metadata  pink salmon 
LTD1396  TD1396  TD1396raw  TD1396mod  TD1396graph  TD1396metadata  chum salmon 
LTD1603  TD1603  TD1603raw  TD1603mod  TD1603graph  TD1603metadata  chum salmon 
LTD01685  TD1685  TD1685raw  TD1685mod  TD1685graph  TD1685metadata  sockeye salmon; tag failed after 46 days; 

data okay 
 LTD1688  TD1688  TD1688raw  TD1688mod  TD1688graph  TD1688metadata  sockeye salmon 

 



DST Tag 
Number(DSTNo) 
(NPAFC disk tag 

database) 

Archived 
data tag 
number 

Raw data 
filename 
(.txt) 

Modified data 
filename (.txt) 

Graph 
filename 
(.pdf) 

Metadata filename 
(.docx) 

Comments 

LTD1709  TD1709  TD1709raw  TD1709mod  TD1709graph  TD1709metadata  chum salmon 
CTD1363  CTD1363  CTD1363raw 

 
CTD1363mod 

 
CTD1363graph 

 
CTD1363metadata 

 
sockeye salmon 

CTD1379  CTD1379   chum salmon; complete failure ‐ no data 
available 

CTD1383  CTD1383  CTD1383raw 
 

CTD1383mod 
 

CTD1383graph 
 

CTD1383metadata 
 

sockeye salmon 
iBK K050  iBK050   chum salmon; complete failure ‐ no data 

available 
iBK K052  iBK052       

     

 

  chum salmon; complete failure ‐ no data 
available 

iBK W148  iBW148  iBW148raw  iBW148mod  iBW148graph  iBW148metadata  pink salmon 
iBK W149  iBW149  iBW149raw  iBW149mod  iBW149graph  iBW149metadata  chum salmon 
iBK W153  iBW153  iBW153raw  iBW153mod  iBW153graph  iBW153metadata  chum salmon 
iBK W154  iBW154  iBW154raw  iBW154mod  iBW154graph  iBW154metadata  chum salmon 
iBK W179  iBW179  iBW179raw  iBW179mod  iBW179graph  iBW179metadata  chum salmon 
iBK W185  iBW185  iBW185raw  iBW185mod  iBW185graph  iBW185metadata  chum salmon 
iBK W188  iBW188  iBW188raw  iBW188mod  iBW188graph  iBW188metadata  chum salmon 
LTD5980  TD5980  TD5980raw  TD5980mod 

 
TD5980graph  TD5980metadata  chum salmon 

LTD5991  TD5991  TD5991raw   TD5991graph  TD5991metadata  chum salmon; failed after 16 days; large 
data jumps 

LTD5996  TD5996  TD5996raw  TD5996mod  TD5996graph  TD5996metadata  sockeye salmon 
LTD7430  TD7430  TD7430raw  TD7430mod  TD7430graph  TD7430metadata  chum salmon; failed after 72 days; 

pressure data faulty 
LTD7457  TD7457   TD7457metadata  Chinook salmon; almost complete failure 

‐ no data available 
LTD7467  TD7467_2004  TD7467_2004

raw 
TD7467_2004mod  TD7467_2004 

graph 
TD7467_2004metadata chum salmon 

LTD7469  TD7469  TD7469raw  TD7469mod  TD7469graph  TD7469metadata  chum salmon 
LTD7473  TD7473  TD7473raw  TD7473mod 

 
TD7473graph  TD7473metadata  chum salmon; pressure data faulty 

LTD7480  TD7480  TD7480raw   TD7480graph  TD7480metadata  chum salmon; failed after 14 days; large 
data jumps 

LTD7484  TD7484  TD7484raw   TD7484graph  TD7484metadata  Chinook salmon; failed after 122 days; 
large data jumps 
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data tag 
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Raw data 
filename 
(.txt) 
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filename (.txt) 

Graph 
filename 
(.pdf) 

Metadata filename 
(.docx) 
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LTD7491  TD7491          sockeye salmon; complete failure ‐ no 
data available 

LTD7517  TD7517  TD7517raw  TD7517mod 
 

TD7517graph 
 

TD7517metadata  chum salmon 
LTD8101  TD8101  TD8101raw   TD8101metadata  coho salmon; failed; large data jumps; all 

data at shortest interval 
LTD8105  TD8105  TD8105raw  TD8105mod  TD8105graph  TD8105metadata  chum salmon 
LTD8106  TD8106  TD8106raw  TD8106mod  TD8106graph  TD8106metadata  chum salmon 
LTD8116  TD8116  TD8116raw  TD8116mod  TD8116graph  TD8116metadata  coho salmon 
LTD9423  TD9423  TD9423raw  TD9423mod  TD9423graph  TD9423metadata  chum salmon; failed after 84 days; data 

okay 
LTD9427  TD9427  TD9427raw  TD9427mod  TD9427graph  TD9427metadata  coho salmon 
LTD9476  TD9476  TD9476raw  TD9476mod  TD9476graph  TD9476metadata  pink salmon 
CTD1899  CTD1899  CTD1899raw  CTD1899mod  CTD1899graph  CTD1899metadata  Chinook salmon 
LTD7467  TD7467_2006  TD7467_2006

raw 
TD7467_2006mod  TD7467_2006 

graph 
TD7467_2006meta 
data 

sockeye salmon; substantial time drift 
(11 days) 

LTD10638  TD10638  TD10638raw  TD10638mod  TD10638graph  TD10638metadata  sockeye salmon 
LTD10640  TD10640  TD10640raw  TD10640mod  TD10640graph  TD10640metadata  sockeye salmon 
LTD10645  TD10645  TD10645raw  TD10645mod  TD10645graph  TD10645metadata  chum salmon; timer malfunction; dates 

and data intervals corrected 
LTD10650  TD10650  TD10650raw  TD10650mod  TD10650graph  TD10650metadata  sockeye salmon 
LAT0601  TD0601  TD0601raw 

 
TD0601mod 
 

TD0601graph 
 

TD0601metadata 
 

Chinook salmon 
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Japanese research vessels conducted scientific fishing operations to assess stock status 

of Pacific saury, and other pelagic fishes and squids using midwater trawls, drift gillnets, 

and saury dip net in the western and central North Pacific Ocean (Fisheries Research 

Agency 2013).  A total of 412 salmon including 101 chum, 265 pink, 28 coho, 17 

Chinook, and 1 sockeye salmon were incidentally caught during the research surveys 

between June and October 2013 (Table 1). 
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Chum Pink Sockeye Coho Chinook Steelhead Total

Kaiun maru Central and western North Pacific (30° – 46°N,
144°E – 175°W) excluding Russian 200 NMZ

Gillnets July 3 –
August 1

17 29 0 15 0 0 61

Hokuho maru Central and western North Pacific (30° – 50°N,
140°E – 160°W) excluding Russian 200 NMZ

Mid-water trawl June 12 – July
13

55 27 0 8 15 0 105

Hokuho maru Western North Pacific (38° – 49°N, 142° – 175°
E) excluding Russian 200 NMZ

Mid-water trawl Sep. 19 – Oct.
9

2 0 1 0 2 0 5

Hokko maru Western North Pacific (38° - 45°N, 143° - 163°E)
excluding Russian 200 NMZ

Mid-water trawl June 18 – July
13

19 121 0 0 0 0 140

Hokushin maru Western North Pacific (40° - 47°N, 149° - 165°E)
excluding Russian 200 NMZ

Gillnets July 3 – July
18

5 47 0 4 0 0 56

Ebisu maru  No. 1 Central and western North Pacific (30° - 50°N,
143°E- 180°) excluding Russian 200 NMZ

Saury dip-net June 27
 – July 9

0 27 0 0 0 0 27

Koryo maru  No. 63 Central and western North Pacific (30° - 50°N,
143°E- 180°) excluding Russian 200 NMZ

Saury dip-net June 22
 – July 20

3 2 0 1 0 0 6

Misaka maru  No. 15 Central and western North Pacific (30° - 50°N,
143°E- 180°) excluding Russian 200 NMZ

Saury dip-net June 1 – July
31

0 0 0 0 0 0 0

Gonei maru  No. 11 Central and western North Pacific (30° - 50°N,
143°E- 180°) excluding Russian 200 NMZ

Saury dip-net June 15
 – July 20

0 7 0 0 0 0 7

Ryoei maru  No. 18 Central and western North Pacific (30° - 50°N,
143°E- 180°) excluding Russian 200 NMZ

Saury dip-net July 2 – 4 0 5 0 0 0 0 5

Total 101 265 1 28 17 0 412

Table 1. Number of incidental catches of anadromous fish during research surveys for pelagic fishes and squids onboard Japanese research vessels in the North
Pacific Ocean in 2013.

Vessel Survey area Gear
Sampling

period

Number of incidental catches
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Abstract 

 
In order to accumulate oceanographic and biological data (including salmonids) and 

to clarify the oceanic structure and marine ecosystem, the T/V Oshoro maru conducted 
oceanographic observations and fishing surveys in the western North Pacific (along the 
155°E longitude line) and Bering Sea. The survey was conducted during the Cruise 
#254 in May, and the Cruise #255 in June 2013. 

Six oceanographic observations and three drift gillnet surveys were conducted along 
the 155°E during the Cruise #254 in May. The Polar Front was observed in the vicinity 
of 43°N which were similar to the location in previous years. A total of 673 salmonids 
was caught by gillnet surveys, including 95 chum and 573 pink salmon. Pink salmon 
was dominant species at 43°-14’N and 42°-56’N. Chum salmon was abundant at 
44°-20’N. The fork lengths (F.L.) of chum salmon collected by C-gear gillnet ranged 
between 484-608 mm F.L., and those of pink salmon ranged between 375-524 mm F.L.. 
All chum salmon caught along 155°E were mature fish.  

To collect salmonid samples extensively and to collect fresh salmon blood and 
various tissues, two surface long-line and four hook-and-line gear samplings were 
conducted during the Cruise #254. One sockeye, five chum and 297 pink salmon were 
collected. During the Cruise #255-Leg1, three hook-and-line gear samplings were 
conducted. A total of nine sockeye and 11 chum salmon were collected in south of the 
Bering Sea. 
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INTRODUCTION 

 
The Oshoro maru has continued to study the oceanic structure and marine biology in 

the North Pacific Ocean and Bering Sea (infrequently in the Chukuchi Sea) every 
summer since 1953. Collected data has been published annually since 1957 (Hokkaido 
University, 1957-2013). 

Salmon researches were conducted during two cruises in May 2013: the Oshoro 

maru Cruise #254 in the western North Pacific and in June 2013: the Oshoro maru 
Cruise #255 in the Bering Sea. 

Primary salmon research objects during two cruises were 
1. To collect oceanographic and biological data continuously along 155°E 

longitude line in May. 
2. To collect salmon samples as extensively as possible during the cruises periods 

in order to study their food habits, growth and stock identification etc.. 
This document reports the preliminary results about those researches during the 

cruises. 
 

MATERIAL AND METHODS 

 
Survey Area and Cruise Schedule  

The Oshoro maru (1,792 gross ton) departed Hakodate on May 9, 2013 and started 
the Cruise #254. Oceanographic observations, gillnet surveys, surface long-line and 
hook-and-line samplings were conducted along the 155°E longitude between 44°-20’N 
and 42°-56’N latitude from May 14 to 17, and returned to Hakodate on May 20. The 
Cruise #255-Leg1 was started on June 14 when she left Hakodate. Oceanographic 
observations and hook-and-line samplings were conducted in the Bering Sea. Salmon 
research activities were conducted from June 22-26. The Cruise #255-Leg2 was started 
on July 1 when she left Dutch Harbor for Chukuchi sea and the Cruise #255-Leg3 was 
started on July 26 when she departed from Dutch Harbor, and returned to Hakodate on 
August 6. But no salmon research activity was conducted during the Cruise 
#255-Leg2-3. [Table 1, Fig.1-(１), (2)] 

  
Oceanographic observation 

Five oceanographic observations were conducted from 44°-20’N to 42°-54’N along 
the 155°E longitude line. [Fig.1-(１), (2), Table 1] The temperature and salinity data at 
each station were collected by using CTD. Temperature and salinity data from surface to 
500db along the 155°E longitude line were used to plot temperature and salinity 
sections about each transect during the Cruise #254. [Fig.2-(1), (2)] 
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Drift Gillnet Research 

A drift gillnet was used to collect salmonids and the other organisms at each three 
stations along the 155°E longitude line. [Fig.1-(1), Table 1] The gillnet configuration at 
each station is as follows: 

net Total
Mesh size

(mm) 112 115 48 55 63 72 82 93 106 121 138 157

OSG1301-03 Number
 of tan 6 6 3 3 3 5 6 5 3 3 3 3 49

C-gear
Stations

A-Gear

 
 
The net was total 49 tans which comprised of 37 tans of C-Gear gillnet 

(non-selective varied research mesh, Takagi, 1975) and 12 tans of A-Gear gillnet 
(commercial mesh). Each tan was 50 m long. Gillnet gear was set in the evening, 
allowed to soak overnight, and retrieved the following morning. The catch was sorted 
and counted by mesh size and species. The Catch per Unit Effort (CPUE) values of 
C-Gear gillnet by species at each station was calculated as catch number per one tan of 
C-Gear gillnet.  

Details about each gillnet operation are shown in Table 2. 
 
Surface Long-line Research 

Two surface long-line researches were conducted to collect salmonids in the western 
North Pacific during the Cruise #254. [Fig.1-(１), Table 1] 

The long-line consisted of 20 or 30 baskets (hachi). One basket was 110.68 m long 
with 49 hooks baited with Japanese common squid (Todarodes pacificus). The catch 
was sorted by species and counted. 

Details about each surface long-line operation are shown in Table 3. 
 

Hook-and-Line Sampling 

To collect fresh salmon blood and various tissues, hook-and-line gears were used at 
seven research stations during the Cruise #254 and #255 [Fig.1-(１), (2), Table 1]. 

Three to ten anglers were engage in the work. Those samplings were conducted 
mainly around the same time that oceanographic observation was operating. The catch 
was sorted by species and counted. 

Details about each hook-and-line operation are shown in Table 3. 
 

Fish Examination 

The catch was processed soon after removal from the fishing gear. Biological data 
were recorded per each sampling gear at every station. Biological data for salmonids 
consisted of F.L. (mm), body weight (g), sex and gonad weight (g). Scale samples were 
collected from the International North Pacific Fisheries Commission (INPFC) preferred 
body area (Davis et al., 1990) and placed on gummed cards for verification of species 
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identification, and for age, growth and stock origin studies. For steelhead 
(Oncorhynchus mykiss) salmon, which had a clipped fin, its snout was removed, salted, 
and frozen for later potential recovery of the coded-wire tag (CWT) by researchers at 
NOAA NMFS, Auke Bay Laboratories (ABL). 

Additional research activities included collection of salmonids stomachs, muscle 
and fin tissues, blood samples and egg samples for studies of food habits, growth, stock 
identification and female-specific serum proteins. 

Sockeye salmon (Oncorhynchus nerka), chum salmon (Oncorhynchus keta), pink 
salmon (Oncorhynchus gorbuscha) and steelhead was classified as mature or immature 
based on their gonad weight (Takagi, 1961). 

Body length and body weight were determined for non-salmonid fish, squid, and 
other organisms up to a maximum of 30 per species by mesh size. A few were frozen 
for taxonomic and ecological studies. 

 
RESULTS AND DISCUSSION 

 
Along the 155°E Longitude Line: during the Cruise #254 in May 2013 

Oceanographic Conditions 

Temperature and salinity sections (0-500db) along the 155°E longitude line 
transect are shown in Figure 2. 

The geographic positions of the Polar Front along the 155°E longitude line 
transect (Dodimead et al., 1963, Favorite et al., 1976, Roden, 1991) were observed in 
the vicinity of 43°N. The Polar Front is indicated by the vertical 4℃ isotherm at 100 
db.  
Distribution and Abundance of Organisms Caught by Drift Gillnet 

The numbers of organisms caught by drift gillnet and the CPUE values of C-gear 
gillnet at each station along the 155°E longitude line are shown in Table 4. 

Three drift gillnet surveys were conducted along the 155°E during the cruise #254 
in May 2013. [Fig.1-(1), Tables 1, 2] A total of four sockeye salmon, 95 chum salmon, 
573 pink salmon and one steelhead were collected at three stations along the 155°E in 
May (OSG1301-1303). The CPUE value of chum salmon was the highest at 
44°-20.1N, at this position no pink salmon were caught. On the other hand that of pink 
salmon was the same height at other two stations. Non-salmonid fishes caught by 
C-gear gillnet were shown in Table 4. Two spiny dogfish (Squalus acanthias), two 
grey fork-tailed petrel (Puffinus griseus), three boreal clubhook squid (Onychoteuthis 

borealijaponicus) and eight eight-armed squid (Ommastrephes bartramii) were 
caught.  
Biological Characteristics of Salmonids 

F.L. frequency distributions of chum salmon and pink salmon caught by C-gear 
gillnet along the 155°E are shown in Fig.3-(1), (2). 
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A total of 47 chum salmon were collected by C-gear gillnet. Their F.L. ranged 
between 484-608 mm, Mean ± SD of them was 542.3 ± 26.0 mm, and median of them 
was 545 mm (n=43). Mature fish occupied 100%. 

 A total of 569 pink salmon were collected by C-gear gillnet. Their F.L. ranged 
between 375-524 mm, Mean ± SD of them was 414.9 ± 19.1 mm, and median was 
412.5 mm (n=274). 

 
Surface Long-line Research and Hook-and-Line Samplings 

The catch number of salmonids at each station by surface long-line and 
hook-and-line gear sampling is shown in Table 5. 

During the Cruise #254, two surface long-line research and four hook-and-line 
conducted along the 155°E in May (OSSL1301 and 1302, OSHL1301-04). [Fig.1-(1), 
Tables 1, 3] One sockeye, five chum and 297 pink salmon were collected. F.L. of the 
sockeye salmon was 581 mm and mature one. F.L. of the chum salmon ranged 
between 512-548 mm (Mean ± SD = 541.2 ± 20.7 mm, Median: 548 mm, n=5), and 
80.0% were mature fish. That of the pink salmon ranged between 364-516 mm (Mean 
± SD = 414.9 ± 21.5 mm, Median: 412 mm, n=169). 

During the Cruise #255-Leg1, hook-and-line gear samplings were conducted at 
three stations in south of the Bering Sea (OSHL1305-07). [Fig.1-(2), Tables 1, 3] A 
total of nine sockeye and 11 chum salmon were collected. F.L. of the sockeye 
salmon ranged between 507-648 mm (Mean ± SD = 594.8 ± 49.0 mm, Median: 626 
mm)(n=9), and all of them were mature fish. That of the chum salmon ranged between 
480-628 mm (Mean ± SD = 550.9 ± 53.4 mm, Median: 530 mm, n=11), and 90.9% 
were mature fish. 
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 Table 1.  List of salmon research stations, positions and date during the Oshoro maru  

Cruise #254 and #255, 2013.  Oceanographic stations are adopted as the positions. 

OS13028 OSG1301 OSHL1301 OSSL1301 43-13.5N 155-00.0E May 12,14-15
OS13029 OSSL1302 43-00.0N 155-00.0E      May 14
OS13030 OSG1302 OSHL1302 42-53.8N 155-00.7E      May 15
OS13031 42-59.1N 154-59.2E      May 15-16
OS13032 OSHL1303 43-36.9N 155-21.5E May 16
OS13033 OSG1303 OSHL1304 44-20.0N 155-19.9E May 16

OS13038 OSHL1305 56-00.4N 170-21.4W Jun  22
OS13046 OSHL1306 55-36.2N 169-03.6W Jun  24
OS13060 OSHL1307 54-25.3N 166-20.6W Jun  26

C255

-10h

+10h

Station   Name Position Date
Oceano-
graphic Gillnet Hook-and-Line Surface

longline Latitude Longitude S.M.T.*1 T.D.*2

C254

 
 

*1 S.M.T. : Ship's Mean Time. 

*2 T.D.  : Time Difference between Greenwich Mean Time (G.M.T.) and Ship's 

 

 

Table 2.  Position and research conditions of surface drift gillnet sampling at each 
station during the Oshoro maru Cruise #254, 2013. 

bottom Wind S.T.*5
Lat. Long. depth(m) (Force) (℃）

OSG 1301 May  14 1755-1820 May  15 0525-0620 +10h 43-14.4N 154-55.4 E 150 5445 o NW-4 4.6
OSG 1302 May  15 1800-1825 May  16 0525-0625 +10h 42-56.1N 154-58.6 E 30 5340 o NNE-3 5.4
OSG 1303 May  16 1800-1825 May  17 0425-0525 +10h 44-20.1N 155-19.2 E 135 5316 o SE-4 4.1

Station Date and Time (S.M.T.*1) T.D.*2 Set Position D.S.*3 Wr*4
Net set Net haul

 
 

*1 S.M.T. : Ship's Mean Time. 

*2 T.D. : Time Difference between Greenwich Mean Time (G.M.T.) and Ship's Mean Time (S.M.T.). 

*3 D.S. : Direction of net set. 

*4 Wr : Weather ( o: 100% clouded). 

*5 S.T. : Surface temperature 

 

 

Table 3.  Position and research conditions of surface longline and hook-and-line 
sampling at each station during the Oshoro maru Cruise #254 and #255, 2013. 

Number of bottom Wind S.T.*5
Lat. Long. baskets depth(m) (Force) (℃）

OSSL1301 May  12 1635-1705 May  12 1915-2020 +10h 43-14.8N 154-56.5E 230 20 5463 o East-3 4.4
OSSL 1302 May  14 0400-0430 May  14 0820-1015 +10h 42-59.7N 155-00.0E 160 30 5388 o NNW-6 6.8
OSHL1301 May  14 2030 May  15 0400 +10h 43-11.3N 154-57.8E - - 5495 o NNW-3 4.7
OSHL1302 May 15 2130 May16 0340 +10h 42-53.8N 155-00.1E - - - o calm 6.9
OSHL1303 May  16 1000 May  16 1130 +10h 43-36.9N 155-21.6E - - - o SSE-2 4.2
OSHL1304 May 17 2020 May 17 0230 +10h 44-19.1N 155-17.4E - - 5250 o SE-4 4.1

OSHL1305 Jun  22 2035 Jun  22 2140 -10h 56-00.4N 170-21.4W - - 800 o NNE-4 6.4
OSHL1306 Jun  24 0130 Jun  24 0220 -10h 55-36.2N 169-03.6W - - 1712 f NW-3 6.7
OSHL1307 Jun  26 2110 Jun  27 0300 -10h 54-25.3N 166-20.6W - - 575 o NNW-2 6.8

C254

C255

Station Date and Time (S.M.T.*1) T.D.*2 Set Position D.S.*3 Wr*4
Line set Line haul
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*1 S.M.T. : Ship's Mean Time. 

*2 T.D. : Time Difference between Greenwich Mean Time (G.M.T.) and Ship's Mean Time (S.M.T.). 

*3 D.S. : Direction of net set. 

*4 Wr. : Weather (o: 100% clouded, f: fog). 

*5 S.T. : Surface temperature 

 

Table 4.  The number of organisms caught by drift gillnet during the Oshoro maru 
Cruise # 254 in May, 2013. CPUE and (%) indicate numerical catch per tan and 
percentage of total catch by C-gear gillnet at the station, respectively. 

Gear 
Scientific name CPUE (%) CPUE (%) CPUE (%)

Sockeye salmon Oncorhynchus nerka 0 0.0 (0.0) 0 0 0 0.0 (0.0) 0 0 0 0.0 (0.0) 4 4
Chum salmon Oncorhynchus keta 12 0.3 (4.5) 9 21 6 0.2 (1.8) 11 17 29 0.8 (85.3) 28 57
Pink salmon Oncorhynchus gorbuscha 251 6.8 (94.7) 8 259 310 8.4 (95.4) 4 314 0 0.0 (0.0) 0 0
Coho salmon Oncorhynchus kisutch 0 0.0 (0.0) 0 0 0 0.0 (0.0) 0 0 0 0.0 (0.0) 0 0
Chinook salmon Oncorhynchus tshawytscha 0 0.0 (0.0) 0 0 0 0.0 (0.0) 0 0 0 0.0 (0.0) 0 0
Steelhead Oncorhynchus mykiss 0 0.0 (0.0) 0 0 1 0.0 (0.3) 0 1 0 0.0 (0.0) 0 0

0
Spiny dogfish Squalus acanthias 0 0.0 (0.0) 0 0 2 0.1 (0.6) 0 2 0 0.0 (0.0) 0 0
Grey Fork-tailed Petrel Puffinus griseus 0 0.0 (0.0) 0 0 2 0.1 (0.6) 0 2 0 0.0 (0.0) 0 0

Boreal clubhook squid Onychoteuthis borealijaponicus 0 0.0 (0.0) 0 0 3 0.1 (0.9) 0 3 0 0.0 (0.0) 0 0
Eight-armed squid Gonatopsis borealis 2 0.1 (0.8) 0 2 1 0.0 (0.3) 0 1 5 0.1 (14.7) 0 5

A Total C A TotalCommon name C A Total C
Station OSG 1301 OSG 1302 OSG 1303

 
 
 
Table 5.  The catch number of each salmonid at each station where salmonids were 
collected by hook-and-line gear, surface longline in the Oshoro maru Cruise # 254 and 
# 255, 2013. 

Sockeye Chum Pink Coho Chinook Stellhead

OSSL 1301 Surface longline 0 1 88 0 0 0 89
OSSL 1302 Surface longline 0 0 100 0 0 0 100
OSHL 1301 Hook-and-line 0 1 18 0 0 0 19
OSHL 1302 Hook-and-line 0 0 90 0 0 0 90
OSHL 1303 Hook-and-line 0 0 1 0 0 0 1
OSHL 1304 Hook-and-line 1 3 0 0 0 0 4

OSHL 1305 Hook-and-line 0 2 0 0 0 0 2
OSHL 1306 Hook-and-line 5 2 0 0 0 0 7
OSHL 1307 Hook-and-line 4 7 0 0 0 0 11

10 16 297 0 0 0 323Total  

C254

Station Name Sampling gear Species name Total

C255
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Fig.1-(1). Salmon research stations during the Oshoro maru Cruise #254 in May 2013. 
Details about each station are shown in Table 1. 
 
 
 

(N)	

	


(W)	

	


Fig.1-(2). Salmon research stations during the Oshoro maru Cruise #255-Leg1 in Jun 
2013. Details about each station are shown in Table 1.    
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Fig. 2 Temperature (1) and salinity (2) from surface to 500 db pressure along the 155°E 
transect during the Oshoro maru Cruise #254 in May 2013. 
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Fig. 3 Fork length frequency of cham salmon (1) and pink salmon (2) caught by C-gear 
gillnet along the 155°E during the Oshoro maru Cruise #254 in May 2013. 
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Preliminary Commercial Salmon Harvests in 2013 compiled by HNFRI 
 The commercial catches in coastal and offshore areas of Japan in 2013 totaled 52.3 
million fish (164 thousand metric tons), including 47.5 million chum (156 thousand 
metric tons) and 4.8 million pink (seven thousand metric tons) salmon (Tables 1 and 2).  
The official specific statistics data may be available by the end of March 2015. 
  
 
Table 1. Preliminary Japanese commercial salmon catch by species by area in thousands 
of fish in 2013.  Catch data were based on HNFRI (FRA) data sources, not official 
statistics of the Ministry of Agriculture, Forestry and Fisheries of Japan. 
Stat. Area   Total Sockeye Chum Pink Coho Chinook Masu Steelhead

(1) Coastal      

    I  Hokkaido     

 Pacific C.  17,075 0 16,899 174 1 1 .... 0

 Japan Sea C*.  24,567 0 21,956 2,611 0 0 .... -

    II Honshu     

 Pacific C.  8,839 … 8,106 733 … 0 … …

 Japan Sea C.  407 … 407 0 … … … …

(2) Off-shore     

     200-mile zone.      

 Pacific  1,438 1 106 1,331 0 0 - -

 Japan Sea  - - - - - - - -

Total  52,326 1 47,474   4,849 1 1 … 0

Notes: - = no catch; 0 = less than 500 fish;  ...= no data available. 

*Including the Okhotsk Sea coast. 
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Table 2. Preliminary Japanese commercial salmon catch by species by area in tons of 
fish in 2013.  Catch data were based on HNFRI (FRA) data sources, not official 
statistics of the Ministry of Agriculture, Forestry and Fisheries of Japan. 
Stat. Area  Total Sockeye Chum Pink Coho Chinook Masu Steelhead 

(1) Coastal     

   I  Hokkaido    

 Pacific C.  56,866 1 56,052 301 2 6 504 0 

 Japan Sea C*.  78,796 0 73,988  4,487 1 0 320 -

  II  Honshu    

 Pacific C.  25,640 … 24,301 895 … 2 442 …

 Japan Sea C.  1,313 … 1,287 0 … … 26 …

(2) Off-shore    

     200-mile zone.    

 Pacific  1,843 2 213 1,627 0 1 - -

 Japan Sea  - - - - - - - -

Total   164,458 3 155,841 7,310 3 9 1,292 0

Notes: - = no catch; 0 = less than 0.5 tons;  ...= no data available. 

*Including  the Okhotsk Sea coast. 
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Four species of anadromous Pacific salmon (chum, pink, masu, and sockeye salmon) are 
currently enhanced in Japan. A total of 1,729 million fry, juveniles and smolts were released 
from Japanese hatcheries in 2013 (Tables 1 and 2). Number of chum salmon fry released in 
the spring of 2013 was approximately 1,615 million fish. Japanese hatcheries also released 
102 million pink salmon fry, 11,926 thousand masu salmon fry, juveniles and smolts, and 192 
thousand sockeye salmon fry and smolts in the spring and fall of 2013.  
 
In 2013, the number of adult salmon captured in rivers along the Japanese coasts was 5,304 
thousand fish (Table 3), which corresponded to 16,393 metric tonnes in weight (Table 4).  
The dominant and second dominant species were chum and pink salmon, contributing 90.9% 
and 9.0% in numbers of all salmon captured in rivers, respectively.  Adult masu salmon 
occur in rivers of both Hokkaido and Honshu, but number of catches was not available in 
Honshu. The number of adult masu salmon caught in rivers of Hokkaido was approximately 
6.7 thousand fish. Anadromous sockeye salmon were caught in three rivers along the Pacific 
coast of Hokkaido, where the number of catches was approximately 360 fish.  
 
Table 1. Number (in thousands) of anadromous salmon released from Japanese hatcheries in 
2013. 

  Species 
Area Total Sockeye Chum Pink Masu 

Hokkaido      
Pacific Coast 590,404 192 574,236 15,304 671
Japan Sea Coast 211,357 205,125 1,021 5,211
Okhotsk Sea Coast 316,911 230,507 85,297 1,107

  
Honshu  

Pacific Coast 469,370 468,899  471
Japan Sea Coast 140,479 136,014*1  4,466*1

 

1 



 

  
Total 1,728,521 192 1,614,781 101,622 11,926

*1 Number of chum and masu salmon released from hatcheries of Toyama Prefectures along 
Japan Sea coast was estimated from the enhancement plan. 

 
Table 2. Weight (in tonnes) of anadromous salmon released from Japanese hatcheries in 
2013.  

  Species 
Area Total Sockeye Chum Pink Masu 

Hokkaido      
Pacific Coast 771.4 3.8 759.3 4.0 4.3
Japan Sea Coast 268.8 215.0 0.2 53.5
Okhotsk Sea Coast 284.6 251.1 29.4 4.1

  
Honshu  

Pacific Coast NA*1 NA*1  NA*1

Japan Sea Coast 92.5 82.9*2  9.6*3

  
Total 1,417.2 3.8 1,308.3 33.6 71.5
*1 NA, Data not available. The weight data of released fish in prefectures along the Pacific 

coast of Honshu (Aomori, Iwate, Miyagi, Fukushima, and Ibaraki) are not reported. 
*2 Weight data of chum salmon released from hatcheries in Aomori (approximately 21 million 

fry) and Toyama (20 million fry in planning) prefectures are not included. 
*3 Weight data of masu salmon released from hatcheries in Aomori (approximately 36 

thousand fry and 108 thousand juveniles) and Toyama prefectures are not included. 
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Table 3. Number (in thousands) of adult salmon caught in rivers along Japanese coasts in 
2013.  

  Species 
Area Total Sockeye Chum Pink Masu 

Hokkaido  
Pacific Coast 1,107.6 0.4 1,084.7 22.0 0.5
Japan Sea Coast 362.7 359.1  3.6
Okhotsk Sea Coast 2,501.8 2,044.1 455.1 2.6

  
Honshu  

Pacific Coast 894.6 894.6  NA*

Japan Sea Coast 436.8 436.8  NA*

  
Total 5,303.5 0.4 4,819.3 477.1 6.7

*NA, Data not available. 
 
 
 
Table 4. Weight (in tonnes) of adult salmon caught in rivers along Japanese coasts in 2013. 

  Species 
Area Total Sockeye Chum Pink Masu 

Hokkaido      
Pacific Coast 3,494.5 0.4 3,455.6 38.1 0.4
Japan Sea Coast 1,153.6 1,146.1  7.5
Okhotsk Sea Coast 7,475.1 6,625.9 846.5 2.7

  
Honshu  

Pacific Coast 2,870.4 2,870.4  NA*

Japan Sea Coast 1,399.3 1,399.3  NA*

  
Total 16,392.9 0.4 15,497.3 884.6 10.6
*NA, Data not available. 
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Abstract 
Japan plans to mark approximately 256 million salmon of the 2014 brood year (227 million 
chum, 24.5 million pink, 4.2 million masu, and 150 thousand sockeye salmon) using 95 
discrete thermal patterns and two ALC (alizarin complexone) patterns at 46 hatcheries. Two 
rings in the first band are adopted as the base mark to distinguish Japanese chum and pink 
salmon from other stocks. 
 
 
Background 
In Japan, thermal otolith marks have been used for migration, growth and survival surveys of 
juvenile salmon in the coastal waters, and for offshore migration surveys in the Okhotsk Sea, 
North Pacific Ocean and Bering Sea (Kawana et al. 1999; Urawa et al. 2000a, 2004, 2006, 
2009; Sato et al. 2009). In addition, otolith marking is expected as a tool to evaluate accuracy 
of homing migration and abundance of hatchery and natural spawning stocks.  
 
Mark Plan 
The proposed otolith marks for the 2014 brood year salmon include 95 discrete thermal 
patterns and two ALC (alizarin complexone) patterns (Table 1). We plan to mark 
approximately 227 million chum, 24.5 million pink, 4.2 million masu, and 150 thousand 
sockeye salmon at 46 hatcheries (Fig. 1).  
 
The thermal marking pattern is presented as the hatch code notation (Hagen et al. 2000; 
Josephson et al. 2006). As the base mark, two rings in the first band have been adopted to 
distinguish Japanese chum and pink salmon from other stocks since 1999 brood year stock 
(Urawa et al. 2000b). All thermal rings are induced by cooler temperature exposures. 
 
ALC marks are used for chum, pink and masu salmon surveys by Hokkaido Research 
Organization (HOKK), Hokkaido Aquaculture Promotion Corporation (HAPC), and 
Yamagata Prefectural Inland Water Fisheries Experimental Station (YIE). 
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Table 1. Proposed otolith mark releases from Japan for 2014 brood year stocks of chum, pink, masu and sockeye salmon. TM; otolith thermal marking, ALC; 
alizarin complexone, FRA; Fisheries Research Agency, HOKK; Hokkaido Research Organization, HAPC; Hokkaido Aquaculture Promotion Corporation, YIE; Yamagata Prefectural Inland Water Fisheries Experimental 
Station, YFPF; Yamagata Fisheries Promotion Foundation, IFTC; Iwate Fisheries Technology center, AITC; Aomori Prefectural Industrial Technology Research Center, HSPA; Hidaka Salmon Propagation Association, SSM; 
Sapporo Salmon Museum, NPH; non-profit private hatchery.  Red characters indicate items updated on August 25, 2014. 

No Mark
Type

Year of
Release

Species Country Prefecture Region Agency Facility Final
Release Site

Stage

Preliminary
Number
of OM

Released

Hatch Code Otolith Mark Schedule
Temp
Shift

Direction

JP14-01 TM 2015 CHUM JAPAN HOKKAIDO Okhotsk Sea coast NPH Horonai Hatchery Horonai River fry 3,600,000 2,5nH (1X)24C:24H,(1X)24C:48H,(5X)12C:12H Down

JP14-02 TM 2015 CHUM JAPAN HOKKAIDO Okhotsk Sea coast FRA Shari Hatchery Shari River fry 11,600,000 2-2-2-2H (1X)12C:12H,(1X)12C:36H,(1X)12C:12H,(1X)12C:36H,(1
X)12C:12H,(1X)12C:36H,(2X)12C:12H

Down

JP14-03 TM 2015 CHUM JAPAN HOKKAIDO Okhotsk Sea coast FRA Tokushibetsu Hatchery Tokushibetsu River fry 600,000 2-2,2,3H (1X)12C:12H,(1X)12C:48H,(1X)12C:12H,(1X)12C:24H,(1
X)12C:12H,(1X)12C:24H,(3X)12C:12H

Down

10,500,000

JP14-11 TM 2015 CHUM JAPAN HOKKAIDO East Pacific coast HSPA Saruru Hatchery Erimo misaki Fish Port fry 2,000,000 2-3,1,2H (1X)12C:12H,(1X)12C:48H,(2X)12C:12H,(2X)12C:24H,(2
X)12C:12H

Down

3,200,000

1,700,000

JP14-15 TM 2015 CHUM JAPAN HOKKAIDO East Pacific coast FRA Tsurui Hatchery Kushiro River fry 3,000,000 2-8H (1X)12C:12H,(1X)12C:48H,(8X)12C:12H Down

1,750,000 2n,2n-2H (1X)12C:12H,(1X)12C:24H,(1X)12C:12H,(1X)12C:48H,(2
X)24C:24H

1,750,000 2n-2n,2H (1X)12C:12H,(1X)12C:48H,(1X)12C:12H,(1X)12C:24H,(2
X)24C:24H

2,400,000

JP14-20 TM 2015 CHUM JAPAN HOKKAIDO East Pacific coast FRA Tokachi Hatchery Tokachi River fry 1,450,000 2-5,3H (1X)12C:12H,(1X)12C:48H,(4X)12C:12H,(1X)12C:24H,(3
X)12C:12H

Down

JP14-04 TM 2015 CHUM JAPAN HOKKAIDO Okhotsk Sea coast FRA Tokushibetsu Hatchery Tokushibetsu River fry 2,2,2,3H (1X)12C:12H,(1X)12C:24H,(1X)12C:12H,(1X)12C:24H,(1
X)12C:12H,(1X)12C:24H,(3X)12C:12H

Down

JP14-05 TM 2015 CHUM JAPAN HOKKAIDO Okhotsk Sea coast NPH Shintonbetsu Hatchery Tonbetsu River fry 3,600,000 2-2-1-3H (1X)12C:12H,(1X)12C:36H,(1X)12C:12H,(2X)12C:36H,(3
X)12C:12H

Down

JP14-06 TM 2015 CHUM JAPAN HOKKAIDO Nemuro Strait coast FRA Ichani Hatchery Ichani River fry 8,000,000 2-4-2H (1X)12C:12H,(1X)12C:36H,(3X)12C:12H,(1X)12C:36H,(2
X)12C:12H

Down

JP14-07 TM 2015 CHUM JAPAN HOKKAIDO Nemuro Strait coast FRA Nijibetsu Hatchery Nishibetsu River fry 5,000,000 2,1n,5nH (1X)24C:24H,(1X)24C:48H,(1X)12C:24H,(5X)12C:12H Down

JP14-08 TM 2015 CHUM JAPAN HOKKAIDO Nemuro Strait coast FRA Nijibetsu Hatchery Nishibetsu River fry 10,200,000 2,1n,4nH (1X)24C:24H,(1X)24C:48H,(1X)12C:24H,(4X)12C:12H Down

JP14-09 TM 2015 CHUM JAPAN HOKKAIDO Nemuro Strait coast FRA Nijibetsu Hatchery Nishibetsu River fry 9,800,000 2,1n,3nH (1X)24C:24H,(1X)24C:48H,(1X)12C:24H,(3X)12C:12H Down

JP14-10 TM 2015 CHUM JAPAN HOKKAIDO Nemuro Strait coast NPH Shibetsu Hatchery Shibetsu River etc fry 3,600,000 2,3,4H (1X)12H:12C,(1X)12H:24C,(2X)12H:12C,(1X)12H:24C,(4
X)12H:12C

Up

JP14-12 TM 2015 CHUM JAPAN HOKKAIDO East Pacific coast NPH Hiroo Hatchery Hiroo River fry 2n-4H (1X)12C:12H,(1X)12C:36H,(4X)24C:24H Down

JP14-13 TM 2015 CHUM JAPAN HOKKAIDO East Pacific coast FRA Tsurui Hatchery Kushiro River fry 1,200,000 2-9H (1X)12C:12H,(1X)12C:48H,(9X)12C:12H Down

JP14-14 TM 2015 CHUM JAPAN HOKKAIDO East Pacific coast FRA Tsurui Hatchery Kushiro River fry 2-2-3-3H (1X)12C:12H,(1X)12C:36H,(1X)12C:12H,(1X)12C:36H,(2
X)12C:12H,(1X)12C:36H,(3X)12C:12H

Down

JP14-16 TM 2015 CHUM JAPAN HOKKAIDO East Pacific coast FRA Tsurui Hatchery Kushiro River fry 3,200,000 2-10H (1X)12C:12H,(1X)12C:48H,(10X)12C:12H Down

JP14-17 TM 2015 CHUM JAPAN HOKKAIDO East Pacific coast NPH Ashibetsu Hatchery Kushiro River fry Down

JP14-18 TM 2015 CHUM JAPAN HOKKAIDO East Pacific coast NPH Ashibetsu Hatchery Kushiro River fry Down

JP14-19 TM 2015 CHUM JAPAN HOKKAIDO East Pacific coast FRA Tokachi Hatchery Tokachi River fry 2-5-3H (1X)12C:12H,(1X)12C:48H,(4X)12C:12H,(1X)12C:48H,(3
X)12C:12H

Down
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Table1. Continued.   

No Mark
Type

Year of
Release

Species Country Prefecture Region Agency Facility Final
Release Site

Stage

Preliminary
Number
of OM

Released

Hatch Code Otolith Mark Schedule
Temp
Shift

Direction

JP14-21 TM 2015 CHUM JAPAN HOKKAIDO East Pacific coast FRA Tokachi Hatchery Tokachi River fry 1,450,000 2,5-3H (1X)12C:12H,(1X)12C:24H,(4X)12C:12H,(1X)12C:48H,(3
X)12C:12H

Down

1,400,000

JP14-23 TM 2015 CHUM JAPAN HOKKAIDO East Pacific coast FRA Tokachi Hatchery Tokachi River fry 2,900,000 2-5-2H (1X)12C:12H,(1X)12C:48H,(4X)12C:12H,(1X)12C:48H,(2
X)12C:12H

Down

JP14-24 TM 2015 CHUM JAPAN HOKKAIDO East Pacific coast FRA Tokachi Hatchery Tokachi River fry 2,800,000 2-5,2H (1X)12C:12H,(1X)12C:48H,(4X)12C:12H,(1X)12C:24H,(2
X)12C:12H

Down

JP14-25 TM 2015 CHUM JAPAN HOKKAIDO East Pacific coast FRA Tokachi Hatchery Tokachi River fry 2,900,000 2,5-2H (1X)12C:12H,(1X)12C:24H,(4X)12C:12H,(1X)12C:48H,(2
X)12C:12H

Down

JP14-30 TM 2015 CHUM JAPAN HOKKAIDO Japan Sea coast SSM Sapporo Salmon Museum Ishikari River fry 70,000 2-2H (1X)24C:24H,(1X)24C:72H,(2X)24C:24H Down

3,200,000

3,200,000

4,800,000

850,000

850,000

JP14-39 TM 2015 CHUM JAPAN HOKKAIDO West Pacific coast NPH Shiriuchi Hatchery Shiriuchi River fry 800,000 2-3,2H (1X)12H:12C,(1X)12H:48C,(2X)12H:12C,(1X)12H:24C,(2
X)12H:12C

Down

2,2,5H (1X)12C:12H,(1X)12C:24H,(1X)12C:12H,(1X)12C:24H,(5
X)12C:12H

JP14-22 TM 2015 CHUM JAPAN HOKKAIDO East Pacific coast FRA Tokachi Hatchery Tokachi River fry 2,5,2H (1X)12C:12H,(1X)12C:24H,(4X)12C:12H,(1X)12C:24H,(2
X)12C:12H

Down

JP14-26 TM 2015 CHUM JAPAN HOKKAIDO Japan Sea coast FRA Chitose Hatchery Ishikari River fry 1,400,000 2,2n-3H (1X)12C:12H,(1X)12C:24H,(1X)3C:9H,(1X)3C:21H,(3X)1
2C:12H

Down

JP14-27 TM 2015 CHUM JAPAN HOKKAIDO Japan Sea coast FRA Chitose Hatchery Ishikari River fry 1,400,000 2,4n-3H (1X)12C:12H,(1X)12C:24H,(3X)3C:9H,(1X)3C:21H,(3X)1
2C:12H

Down

JP14-28 TM 2015 CHUM JAPAN HOKKAIDO Japan Sea coast FRA Chitose Hatchery Ishikari River fry 2,800,000 2,6n-3H (1X)12C:12H,(1X)12C:24H,(5X)3C:9H,(1X)3C:21H,(3X)1
2C:12H

Down

JP14-29 TM 2015 CHUM JAPAN HOKKAIDO Japan Sea coast FRA Chitose Hatchery Ishikari River fry 24,400,000 2,3-3H (1X)12C:12H,(1X)12C:24H,(2X)12C:12H,(1X)12C:36H,(3
X)12C:12H

Down

JP14-31 TM 2015 CHUM JAPAN HOKKAIDO Japan Sea coast NPH Teshio Hatchery Shokanbetsu River etc fry 3,600,000 2-5H (1X)12C:12H,(1X)12C:48H,(5X)12C:12H Down

JP14-32 TM 2015 CHUM JAPAN HOKKAIDO Japan Sea coast FRA Teshio Hatchery Teshio River fry 5,000,000 2n-3H (1X)12C:12H,(1X)12C:36H,(3X)24C:24H Down

JP14-33 TM 2015 CHUM JAPAN HOKKAIDO West Pacific coast NPH Fukushima Hatchery Fukushima River etc fry 2-1-2-3H (1X)12C:12H,(2X)12C:36H,(1X)12C:12H,(1X)12C:36H,(3
X)12C:12H

Down

JP14-34 TM 2015 CHUM JAPAN HOKKAIDO West Pacific coast NPH Hidakahorobetsu
Hatchery

Hidakahorobetsu River fry 2n-2,2nH (1X)12C:12H,(1X)12C:36H,(1X)24C:24H,(1X)24C:48H,(2
X)12C:12H

Down

JP14-35 TM 2015 CHUM JAPAN HOKKAIDO West Pacific coast NPH Shikiu Hatchery Shiraoi River etc fry 3,600,000 2,2n-2nH (1X)24C:24H,(1X)24C:48H,(1X)12C:12H,(1X)12C:36H,(2
X)12C:12H

Down

JP14-36 TM 2015 CHUM JAPAN HOKKAIDO West Pacific coast NPH Yakumo Hatchery Shiribeshitoshibetsu
River

fry 2-1-2-2H (1X)12C:12H,(2X)12C:36H,(1X)12C:12H,(1X)12C:36H,(2
X)12C:12H

Down

JP14-37 TM 2015 CHUM JAPAN HOKKAIDO West Pacific coast NPH Shiriuchi Hatchery Shiriuchi River fry 2,3-2H (1X)12C:12H,(1X)12C:24H,(2X)12C:12H,(1X)12C:48H,(2
X)12C:12H

Down

JP14-38 TM 2015 CHUM JAPAN HOKKAIDO West Pacific coast NPH Shiriuchi Hatchery Shiriuchi River fry 2-2,3H (1X)12H:12C,(1X)12H:48C,(1X)12H:12C,(1X)12H:24C,(3
X)12H:12C

Up

JP14-40 TM 2015 CHUM JAPAN HOKKAIDO West Pacific coast FRA Shizunai Hatchery Shizunai River fry 700,000 Down
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No Mark
Type

Year of
Release

Species Country Prefecture Region Agency Facility Final
Release Site

Stage

Preliminary
Number
of OM
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Hatch Code Otolith Mark Schedule
Temp
Shift

Direction
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JP14-41 TM 2015 CHUM JAPAN HOKKAIDO West Pacific coast FRA Shizunai Hatchery Shizunai River fry 600,000 2,2,6H (1X)12C:12H,(1X)12C:24H,(1X)12C:12H,(1X)12C:24H,(6
X)12C:12H

600,000 2,2-4H (1X)12C:12H,(1X)12C:24H,(1X)12C:12H,(1X)12C:48H,(4
X)12C:12H

2,900,000 2,2-5H (1X)12C:12H,(1X)12C:24H,(1X)12C:12H,(1X)12C:48H,(5
X)12C:12H

800,000 2-2,4H (1X)12C:12H,(1X)12C:48H,(1X)12C:12H,(1X)12C:24H,(4
X)12C:12H

800,000 2-2,5H (1X)12C:12H,(1X)12C:48H,(1X)12C:12H,(1X)12C:24H,(5
X)12C:12H

JP14-46 TM 2015 CHUM JAPAN HOKKAIDO West Pacific coast NPH Toyohata Hatchery Shizunai River fry 900,000 2,3,1,2H (1X)12C:12H,(1X)12C:24H,(2X)12C:12H,(2X)12C:24H,(2
X)12C:12H

Down

JP14-47 TM 2015 CHUM JAPAN HOKKAIDO West Pacific coast NPH Toyohata Hatchery Shizunai River fry 900,000 2,3,1,3H (1X)12C:12H,(1X)12C:24H,(2X)12C:12H,(2X)12C:24H,(3
X)12C:12H

Down

JP14-48 TM 2015 CHUM JAPAN HOKKAIDO West Pacific coast NPH Toyohata Hatchery Shizunai River fry 800,000 2,3,1,4H (1X)12C:12H,(1X)12C:24H,(2X)12C:12H,(2X)12C:24H,(4
X)12C:12H

Down

1,000,000

JP14-53 TM 2015 CHUM JAPAN HOKKAIDO West Pacific coast FRA Yakumo Hatchery Yurappu River fry 1,000,000 2,1n-6nH (1X)24C:24H,(1X)24C:48H,(1X)12C:48H,(6X)12C:12H Down

3,800,000

Down

JP14-42 TM 2015 CHUM JAPAN HOKKAIDO West Pacific coast FRA Shizunai Hatchery Shizunai River fry Down

JP14-43 TM 2015 CHUM JAPAN HOKKAIDO West Pacific coast FRA Shizunai Hatchery Shizunai River fry Down

JP14-44 TM 2015 CHUM JAPAN HOKKAIDO West Pacific coast FRA Shizunai Hatchery Shizunai River fry Down

JP14-45 TM 2015 CHUM JAPAN HOKKAIDO West Pacific coast FRA Shizunai Hatchery Shizunai River fry Down

JP14-49 TM 2015 CHUM JAPAN HOKKAIDO West Pacific coast FRA Yakumo Hatchery Yurappu River fry 650,000 2,1n-2nH (1X)24C:24H,(1X)24C:48H,(1X)12C:48H,(2X)12C:12H Down

JP14-50 TM 2015 CHUM JAPAN HOKKAIDO West Pacific coast FRA Yakumo Hatchery Yurappu River fry 850,000 2,1n-3nH (1X)24C:24H,(1X)24C:48H,(1X)12C:48H,(3X)12C:12H Down

JP14-51 TM 2015 CHUM JAPAN HOKKAIDO West Pacific coast FRA Yakumo Hatchery Yurappu River fry 1,000,000 2,1n-4nH (1X)24C:24H,(1X)24C:48H,(1X)12C:48H,(4X)12C:12H Down

JP14-52 TM 2015 CHUM JAPAN HOKKAIDO West Pacific coast FRA Yakumo Hatchery Yurappu River fry 2,1n-5nH (1X)24C:24H,(1X)24C:48H,(1X)12C:48H,(5X)12C:12H Down

JP14-54 TM 2015 CHUM JAPAN HOKKAIDO West Pacific coast FRA Yakumo Hatchery Yurappu River fry 1,000,000 2,2n,4nH (1X)24C:24H,(1X)24C:48H,(1X)12C:12H,(1X)12C:24H,(4
X)12C:12H

Down

JP14-55 TM 2015 CHUM JAPAN HOKKAIDO West Pacific coast FRA Yakumo Hatchery Yurappu River fry 1,000,000 2,2n,5nH (1X)24C:24H,(1X)24C:48H,(1X)12C:12H,(1X)12C:24H,(5
X)12C:12H

Down

JP14-56 TM 2015 CHUM JAPAN HOKKAIDO West Pacific coast FRA Yakumo Hatchery Yurappu River fry 1,000,000 2,2n,6nH (1X)24C:24H,(1X)24C:48H,(1X)12C:12H,(1X)12C:24H,(6
X)12C:12H

Down

JP14-57 TM 2015 CHUM JAPAN HONSHU Japan Sea coast NPH Masukawa Hatchery Gakkou River fry 3,000,000 2,3nH (1X)24C:24H,(1X)24C:48H,(3X)12C:12H Down

JP14-58 ALC 2015 CHUM JAPAN HONSHU Japan Sea coast YIE Minowa Hatchery Gakkou River fry 100,000 A1H partial f inclips (adipose
fin; 15000)

JP14-59 TM 2015 CHUM JAPAN HONSHU Japan Sea coast NPH Kawabukuro Hatchery Kawabukuro River fry 2,1,4H (1X)12C:12H,(2X)12C:24H,(4X)12C:12H Down

JP14-60 TM 2015 CHUM JAPAN HONSHU Japan Sea coast NPH Miomote #3 Hatchery Miomote River fry 3,800,000 2,1,2H (1X)12C:12H,(2X)12C:24H,(2X)12C:12H Down
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Hatch Code Otolith Mark Schedule
Temp
Shift

Direction

JP14-61 TM 2015 CHUM JAPAN HONSHU Japan Sea coast NPH Oirase Hatchery (Jpn sea) Oirase River (Jpn Sea) fry 1,400,000 2,3,2H (1X)12C:12H,(1X)12C:24H,(2X)12C:12H,(1X)12C:24H,(2
X)12C:12H

Down

JP14-62 TM 2015 CHUM JAPAN HONSHU Japan Sea coast AITC Oirase Hatchery (Jpn sea) Oirase/Akaishi/Sasanai
River (Jpn Sea)

fry 1,500,000 2,3n-2H (1X)12C:12H,(1X)12C:24H,(2X)3C:9H,(1X)3C:21H,(2X)1
2C:12H

Down

2,500,000 2,2n-3nH (1X)12C:12H,(1X)12C:24H,(1X)3C:9H,(1X)3C:21H,(3X)3
C:9H

2,4,3H3 (1X)12C:12H,(1X)12C:24H,(3X)12C:12H,(1X)12C:24H,(3
X)12C:12H,HATCH,(3X)12C:12H

2,2,3,2H3
(1X)12C:12H,(1X)12C:24H,(1X)12C:12H,(1X)12C:24H,(2
X)12C:12H,(1X)12C:24H,(2X)12C:12H,HATCH,(3X)12C:

12H

30,000 2,4,3H2 (1X)12C:12H,(1X)12C:24H,(3X)12C:12H,(1X)12C:24H,(3
X)12C:12H,HATCH,(2X)12C:12H

30,000 2,2,3,2H2
(1X)12C:12H,(1X)12C:24H,(1X)12C:12H,(1X)12C:24H,(2
X)12C:12H,(1X)12C:24H,(2X)12C:12H,HATCH,(2X)12C:

12H

200,000

2,4,3H (1X)12C:12H,(1X)12C:24H,(3X)12C:12H,(1X)12C:24H,(3
X)12C:12H

100,000 2,4H (1X)12C:12H,(1X)12C:24H,(4X)12C:12H

300,000 2,2,4H (1X)12C:12H,(1X)12C:24H,(1X)12C:12H,(1X)12C:24H,(4
X)12C:12H

100,000 2,4H2 (1X)12C:12H,(1X)12C:24H,(4X)12C:12H,HATCH,(2X)12
C:12H

300,000 2,2,4H2 (1X)12C:12H,(1X)12C:24H,(1X)12C:12H,(1X)12C:24H,(4
X)12C:12H,HATCH,(2X)12C:12H

2,4nH (1X)24C:24H,(1X)24C:48H,(4X)12C:12H

JP14-63 TM 2015 CHUM JAPAN HONSHU Japan Sea coast NPH Shougawa Hatchery Shou River fry Down

JP14-64 TM 2015 CHUM JAPAN HONSHU Pacific coast NPH Shimoakka Hatchery Akka River fry 8,500,000 2,6H (1X)12C:12H,(1X)12C:24H,(6X)12C:12H Down

JP14-65 TM 2015 CHUM JAPAN HONSHU Pacific coast NPH Shimoakka Hatchery Akka River fry 1,500,000 2-3H (1X)12C:12H,(1X)12C:48H,(3X)12C:12H Down

JP14-66 TM 2015 CHUM JAPAN HONSHU Pacific coast NPH Eai Hatchery Eai River fry 2,500,000 2,3H (1X)12C:12H,(1X)12C:24H,(3X)12C:12H Down

JP14-67 TM 2015 CHUM JAPAN HONSHU Pacific coast IFTC Kasshi Hatchery Kasshi River fry 1,600,000 Down

JP14-68 TM 2015 CHUM JAPAN HONSHU Pacific coast IFTC Kasshi Hatchery Kasshi River fry 400,000 2,4H3 (1X)12C:12H,(1X)12C:24H,(4X)12C:12H,HATCH,(3X)12
C:12H

Down

JP14-69 TM 2015 CHUM JAPAN HONSHU Pacific coast IFTC Kasshi Hatchery Kasshi River fry 1,600,000 Down

JP14-70 TM 2015 CHUM JAPAN HONSHU Pacific coast IFTC Kasshi Hatchery Kasshi River fry 400,000 2,2,4H3 (1X)12C:12H,(1X)12C:24H,(1X)12C:12H,(1X)12C:24H,(4
X)12C:12H,HATCH,(3X)12C:12H

Down

JP14-71 TM 2015 CHUM JAPAN HONSHU Pacific coast IFTC Kumano Hatchery Kumano River fry Down

JP14-72 TM 2015 CHUM JAPAN HONSHU Pacific coast IFTC Kumano Hatchery Kumano River fry Down

JP14-73 TM 2015 CHUM JAPAN HONSHU Pacific coast IFTC Kumano Hatchery Kumano River fry 2,2,3,2H (1X)12C:12H,(1X)12C:24H,(1X)12C:12H,(1X)12C:24H,(2
X)12C:12H,(1X)12C:24H,(2X)12C:12H

Down

JP14-74 TM 2015 CHUM JAPAN HONSHU Pacific coast IFTC Kumano Hatchery Kumano River fry 200,000 Down

JP14-75 TM 2015 CHUM JAPAN HONSHU Pacific coast IFTC Kumano Hatchery Kumano River fry Down

JP14-76 TM 2015 CHUM JAPAN HONSHU Pacific coast IFTC Kumano Hatchery Kumano River fry Down

JP14-77 TM 2015 CHUM JAPAN HONSHU Pacific coast IFTC Kumano Hatchery Kumano River fry Down

JP14-78 TM 2015 CHUM JAPAN HONSHU Pacific coast IFTC Kumano Hatchery Kumano River fry Down

JP14-79 TM 2015 CHUM JAPAN HONSHU Pacific coast NPH Eai Hatchery Kuji River fry 500,000 2,2H (1X)12C:12H,(1X)12C:24H,(2X)12C:12H Down

JP14-80 TM 2015 CHUM JAPAN HONSHU Pacific coast NPH Ohtsuchi Hatchery Ohtsuchi River fry 1,000,000 Down
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Table1. Continued.  

No Mark
Type

Year of
Release

Species Country Prefecture Region Agency Facility Final
Release Site

Stage

Preliminary
Number
of OM

Released

Hatch Code Otolith Mark Schedule
Temp
Shift

Direction
Comments

JP14-81 TM 2015 CHUM JAPAN HONSHU Pacific coast NPH Oirase Hatchery (Pacific) Oirase River (Pacific) fry 5,500,000

2,1,5H (1X)12C:12H,(2X)12C:24H,(5X)12C:12H

2,1,3H (1X)12C:12H,(2X)12C:24H,(3X)12C:12H

2-1,2H (1X)12C:12H,(1X)12C:48H,(1X)12C:24H,(2X)12C:12H

2-6H (1X)12C:12H,(1X)12C:48H,(6X)12C:12H

3,000,000

JP14-91 TM 2015 CHUM JAPAN HONSHU Pacific coast NPH Tsugaruishi Hatchery Tsugaruishi River fry 1,000,000 2,7H (1X)12C:12H,(1X)12C:24H,(7X)12C:12H Down

small ring double

small ring

1,500,000

1,500,000

1,500,000

2,2,3H (1X)12C:12H,(1X)12C:24H,(1X)12C:12H,(1X)12C:24H,(3
X)12C:12H

Down

JP14-82 TM 2015 CHUM JAPAN HONSHU Pacific coast NPH Orikasa Hatchery Orikasa River fry 1,000,000 Down

JP14-83 TM 2015 CHUM JAPAN HONSHU Pacific coast FRA Orikasa Hatchery Orikasa River fry 400,000 2n-2H (1X)12C:12H,(1X)12C:36H,(2X)24C:24H Down

JP14-84 TM 2015 CHUM JAPAN HONSHU Pacific coast FRA Orikasa Hatchery Orikasa River eyed egg 100,000 2,5H (1X)12C:12H,(1X)12C:24H,(5X)12C:12H Down

JP14-85 TM 2015 CHUM JAPAN HONSHU Pacific coast FRA Orikasa Hatchery Yamada Bay fry 400,000 2,2nH (1X)24C:24H,(1X)24C:48H,(2X)12C:12H Down

JP14-86 TM 2015 CHUM JAPAN HONSHU Pacific coast FRA Orikasa Hatchery Yamada Bay fry 400,000 2-2,2H (1X)12C:12H,(1X)12C:36H,(1X)12C:12H,(1X)12C:24H,(2
X)12C:12H

Down

JP14-87 TM 2015 CHUM JAPAN HONSHU Pacific coast NPH Sakari Hatchery Sakari River fry 1,000,000 Down

JP14-88 TM 2015 CHUM JAPAN HONSHU Pacific coast NPH Tarou Hatchery Tarou River fry 2,000,000 Down

JP14-89 TM 2015 CHUM JAPAN HONSHU Pacific coast NPH Tsugaruishi Hatchery Tsugaruishi River fry 4,800,000 Down

JP14-90 TM 2015 CHUM JAPAN HONSHU Pacific coast NPH Tsugaruishi Hatchery Tsugaruishi River fry 2-4H (1X)12C:12H,(1X)12C:48H,(4X)12C:12H Down

JP14-92 ALC 2015 PINK JAPAN HOKKAIDO Okhotsk Sea coast HOKK Aioi Hatchery Abashiri River fry 2,000,000 A2H

JP14-93 TM 2015 PINK JAPAN HOKKAIDO Okhotsk Sea coast NPH Tokushibetsu Hatchery Kitamihorobetsu River fry 1,300,000 2n-3H (1X)12C:12H,(1X)12C:36H,(3X)24C:24H Down

JP14-94 TM 2015 PINK JAPAN HOKKAIDO Okhotsk Sea coast NPH Shari Hatchery Shari River fry 4,700,000 2,3nH (1X)24C:24H,(1X)24C:48H,(3X)12C:12H Down

JP14-95 TM 2015 PINK JAPAN HOKKAIDO Okhotsk Sea coast FRA Shari Hatchery Tokoro River fry 1,000,000 2,3n-2nH (1X)24C:24H,(1X)24C:48H,(2X)12C:12H,(1X)12C:36H,(2
X)12C:12H

Down

JP14-96 ALC 2015 PINK JAPAN HOKKAIDO Okhotsk Sea coast HOKK Oketo Hatchery Tokoro River fry 2,000,000 A1H

JP14-97 TM 2015 PINK JAPAN HOKKAIDO Okhotsk Sea coast FRA Tokushibetsu Hatchery Tokushibetsu River fry 1,700,000 2-3H (1X)24C:24H,(1X)24C:72H,(3X)24C:24H Down

JP14-98 TM 2015 PINK JAPAN HOKKAIDO Nemuro Strait coast FRA Ichani Hatchery Ichani River fry 2,4H (1X)24C:24H,(1X)24C:48H,(4X)24C:24H Down

JP14-99 TM 2015 PINK JAPAN HOKKAIDO Nemuro Strait coast FRA Ichani Hatchery Ichani River fry 2-2-4H (1X)12C:12H,(1X)12C:36H,(1X)12C:12H,(1X)12C:36H,(4
X)12C:12H

Down

JP14-100 TM 2015 PINK JAPAN HOKKAIDO Nemuro Strait coast FRA Ichani Hatchery Ichani River fry 2-5H (1X)12C:12H,(1X)12C:36H,(5X)12C:12H Down
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No Mark
Type

Year of
Release
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Release Site
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Number
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Released
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JP14-101 TM 2015 PINK JAPAN HOKKAIDO Nemuro Strait coast NPH Nijibetsu Hatchery Shibetsu River etc fry 5,300,000 2,4nH (1X)24C:24H,(1X)24C:48H,(4X)12C:12H Down

JP14-102 ALC 2015 PINK JAPAN HOKKAIDO Nemuro Strait coast HOKK Shibetsu Hatchery Shibetsu River emergent
fry

emergent
fry

80,000

30,000

JP14-114 TM 2015 MASU JAPAN HOKKAIDO Japan Sea coast FRA Chitose Hatchery Ishikari River juvenile 40,000 2,3H (1X)24C:24H,(1X)24C:48H,(3X)24C:24H Down finclips (left ventral
fin)

150,000

large ring,  finclips
(adipose fin)

large ring

1,000,000 A1H large ring

JP14-103 ALC 2015 PINK JAPAN HOKKAIDO Nemuro Strait coast HOKK Kenebetsu Hatchery Touhoro River 1,000,000 A2H large ring double

JP14-104 TM 2015 MASU JAPAN HOKKAIDO Okhotsk Sea coast FRA Shari Hatchery Shari River fry 500,000 4H (4X)24C:24H Down

JP14-105 TM 2015 MASU JAPAN HOKKAIDO Okhotsk Sea coast FRA Shari Hatchery Shari River juvenile 50,000 4H (4X)24C:24H Down

JP14-106 TM 2016 MASU JAPAN HOKKAIDO Okhotsk Sea coast FRA Shari Hatchery Shari River smolt 50,000 4H (4X)24C:24H Down

JP14-107 TM 2015 MASU JAPAN HOKKAIDO Okhotsk Sea coast FRA Tokushibetsu Hatchery Tokushibetsu River fry 500,000 2,3nH (1X)24C:24H,(1X)24C:48H,(3X)12C:12H Down

JP14-108 TM 2015 MASU JAPAN HOKKAIDO Nemuro Strait coast FRA Nemuro Hatchery Ichani River fry 2,5H (1X)24C:24H,(1X)24C:48H,(5X)24C:24H Down

JP14-109 TM 2016 MASU JAPAN HOKKAIDO Nemuro Strait coast FRA Nemuro Hatchery Ichani River smolt 20,000 2,5H (1X)24C:24H,(1X)24C:48H,(5X)24C:24H Down

JP14-110 TM 2015 MASU JAPAN HOKKAIDO Nemuro Strait coast FRA Nemuro Hatchery Shibetsu River fry 120,000 2,4H (1X)24C:24H,(1X)24C:48H,(4X)24C:24H Down

JP14-111 TM 2015 MASU JAPAN HOKKAIDO Nemuro Strait coast FRA Nemuro Hatchery Shibetsu River juvenile 60,000 2,4H (1X)24C:24H,(1X)24C:48H,(4X)24C:24H Down

JP14-112 TM 2016 MASU JAPAN HOKKAIDO Nemuro Strait coast FRA Nemuro Hatchery Shibetsu River smolt 20,000 2,4H (1X)24C:24H,(1X)24C:48H,(4X)24C:24H Down

JP14-113 TM 2015 MASU JAPAN HOKKAIDO Japan Sea coast FRA Chitose Hatchery Ishikari River fry 2,3H (1X)24C:24H,(1X)24C:48H,(3X)24C:24H Down

JP14-115 TM 2016 MASU JAPAN HOKKAIDO Japan Sea coast FRA Chitose Hatchery Ishikari River smolt 30,000 2,3H (1X)24C:24H,(1X)24C:48H,(3X)24C:24H Down finclips (right ventral
fin)

JP14-116 ALC 2015 MASU JAPAN HOKKAIDO Japan Sea coast HOKK HOKK Dounan Res.
Branch

Furu River fry 180,000 A1H small ring

JP14-117 ALC 2015 MASU JAPAN HOKKAIDO Japan Sea coast HOKK HOKK Dounan Res.
Branch

Chihase River fry 125,000 A1H small ring

JP14-118 ALC 2016 MASU JAPAN HOKKAIDO Japan Sea coast HOKK HOKK Dounan Res.
Branch

Chihase River smolt A1H small ring

JP14-119 ALC 2015 MASU JAPAN HOKKAIDO Japan Sea coast HOKK HOKK Dounan Res.
Branch

Kenichi River fry 20,000 A1H

JP14-120 ALC 2016 MASU JAPAN HOKKAIDO Japan Sea coast HOKK HOKK Dounan Res.
Branch

Kenichi River smolt 210,000 A1H
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JP14-121 ALC 2016 MASU JAPAN HOKKAIDO Japan Sea coast HOKK HOKK Dounan Res.
Branch

Sannai River smolt 50,000 A1H small ring

JP14-122 TM 2015 MASU JAPAN HOKKAIDO Japan Sea coast FRA Shiribetsu Hatchery Shiribetsu River fry

9 

Table1. Continued.  

760,000

220,000

large ring,  finclips
(adipose fin)

large ring

2,7H (1X)24C:24H,(1X)24C:48H,(7X)24C:24H

Chitose Hatchery 2,7H (1X)24C:24H,(1X)24C:48H,(7X)24C:24H

5H (5X)24C:24H Down

JP14-123 TM 2015 MASU JAPAN HOKKAIDO Japan Sea coast FRA Shiribetsu Hatchery Shiribetsu River juvenile 5H (5X)24C:24H Down finclips (left ventral
fin)

JP14-124 TM 2016 MASU JAPAN HOKKAIDO Japan Sea coast FRA Shiribetsu Hatchery Shiribetsu River smolt 220,000 5H (5X)24C:24H Down finclips (right ventral
fin)

JP14-125 TM 2015 MASU JAPAN HOKKAIDO Japan Sea coast FRA Shiribetsu Hatchery Shubuto River fry 500,000 3H (3X)24C:24H Down

JP14-126 ALC 2015 MASU JAPAN HOKKAIDO Japan Sea coast HOKK HOKK Dounan Res.
Branch

Toppu River fry 20,000 A1H

JP14-127 ALC 2016 MASU JAPAN HOKKAIDO Japan Sea coast HOKK HOKK Dounan Res.
Branch

Toppu River smolt 210,000 A1H

JP14-128 ALC 2016 MASU JAPAN HOKKAIDO West Pacific coast HAPC Fukumitsu Hatchery Saru River smolt 10,000 A1H green ribbon tag (SK)

JP14-129 ALC 2014 MASU JAPAN HONSHU Japan Sea coast YIE YFPF Freshw. Fish. Ctr. Ira River eyed egg 30,000 A1H

JP14-130 TM 2015 SOCKEYE JAPAN HOKKAIDO East Pacific coast FRA Shizunai Hatchery Kushiro River fry 50,000 2,3H (1X)24C:24H,(1X)24C:48H,(3X)24C:24H Down

JP14-131 TM 2016 SOCKEYE JAPAN HOKKAIDO West Pacific coast FRA Chitose Hatchery Abira River smolt 50,000 Down

JP14-132 TM 2016 SOCKEYE JAPAN HOKKAIDO West Pacific coast FRA Shizunai River smolt 50,000 Down
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Fig. 1. Locations of hatcheries where brood year 2014 salmon will be otolith-marked.  Thirty-eight 
(closed circles) and seven (closed triangles) hatcheries continue otolith thermal marking and ALC 
marking, respectively. One hatchery (closed rectangle) plans to mark using both thermal and ALC 
marking methods. 
 
 
 

10 



 

 
 
 
 
 

The Summer 2013 Japanese Salmon Research Cruise  
of the R/V Hokko maru 

 
by 

 
Shunpei Sato1, Tomoki Sato1, Takashi Ohkubo2, Shingo Nakamura2, and Manabu Kagaya3 

 
1Salmon Resources Division, Hokkaido National Fisheries Research Institute,  

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

 
2Graduate School of Environmental Science, Hokkaido University, 

Kita-9 Nishi-9, Kita-ku, Sapporo 060-0809, Japan 
 

3Chitose Field Station, Hokkaido National Fisheries Research Institute,  
Fisheries Research Agency, Rankoshi 9, Chitose 066-0068, Japan 

 
 

 
 
 

Submitted to the 
 
 

NORTH PACIFIC ANADROMOUS FISH COMMISSION 
 
 
 

by 
 

Japan 
 
 
 

April 2014 
 
 

THIS PAPER MAY BE CITED IN THE FOLLOWING MANNER: 
Shunpei S., T. Sato, T. Ohkubo, S. Nakamura, and M. Kagaya.  2014.  The summer 2013 
Japanese salmon research cruise of the R/V Hokko maru.  NPAFC Doc. 1518.  18 pp.  
(Available at www.npafc.org). 

NPAFC  
Doc.1518 
Rev.     
 



 

1 

 

The Summer 2013 Japanese Salmon Research Cruise 

of the R/V Hokko maru 

 
Shunpei Sato1, Tomoki Sato1, Takashi Ohkubo2, Shingo Nakamura2, and Manabu Kagaya3 

 
1
Salmon Resources Division, Hokkaido National Fisheries Research Institute,  

Fisheries Research Agency 

2-2 Nakanoshima, Toyohira-ku, Sapporo 062-0922, Japan 

 
2
Graduate School of Environmental Science, Hokkaido University, 

Kita-9 Nishi-9, Kita-ku, Sapporo 060-0809, Japan 

 
3
Chitose Field Station, Hokkaido National Fisheries Research Institute,  

Fisheries Research Agency, Rankoshi 9, Chitose 066-0068, Japan 

 

Keywords: Pacific salmon, Bering Sea, monitoring, R/V Hokko maru 

 

 

Abstract: A summer high-seas research cruise to investigate the biology of Pacific salmon 
was conducted from July 20 to August 10 in the Bering Sea aboard the Japanese research 
vessel Hokko maru. Research cruise activities included the collection of data on oceanography, 
zooplankton, micronekton, salmonids, and other organisms. In addition, seawater samples 
were collected for environmental DNA analysis. A total of 3,443 salmonids were caught by 
trawls and angling. Chum salmon was the most abundant species (87.5%), followed by 
sockeye salmon (8.9%), Chinook salmon (3.5%), coho salmon (0.09%), and pink salmon 
(0.06%). Salmonids were measured with respect to fork length and body and gonad weights 
by sex, and the scales were removed for age determination. Isotope, genetic, otolith, stomach, 
muscle of chum and Chinook salmon, brain and pituitary of chum and sockeye salmon, and 
seawater samples were obtained for future study. There were 116 chum salmon and one 
sockeye salmon tagged with disk tags and released in the Bering Sea. Among tagged fish, 19 
small and seven large chum salmon were released with DST micro and DST magnetic tags, 
respectively. Age-specific catch per a surface trawl (CPUE), scale mass index of chum salmon 
from at 17 fixed sampling stations from 2007 to 2013, and estimated stock composition and 
abundance of chum salmon in 2013 are documented in this report. 
 
 

Introduction 

 

Japanese research vessels have monitored the condition of Pacific salmon 
(Oncorhynchus spp.) stocks since 1952 (Ishida and Ogura, 1992). The new R/V Hokko maru 
(902 gross tons) was launched in 2004 and the 2013 expedition was her sixth salmon research 
cruise in the North Pacific (Morita et al., 2007, 2008, 2009, 2011; Sato et al., 2012). The main 
objective for this cruise was to conduct the annual monitoring survey for Japanese chum 
salmon (O. keta) stocks in the Bering Sea. The annual monitoring survey includes the 
collection of data on physical oceanography, trophic interactions among zooplankton, 
salmonids, and organisms at higher trophic levels, and genetic analysis of stock composition of 
chum salmon. This document summarizes the research cruise conducted by the R/V Hokko 

maru during summer 2013. 
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Survey Area 

 
The R/V Hokko maru departed from Kushiro, Japan, on July 20, 2013, and returned to 

Kushiro on August 10, 2013. A total of 19 trawls (test trawl, 17 monitoring trawls, and one 
optional trawl) were conducted at 17 stations during the cruise (Fig. 1 and Table 1). All 
fishing stations were located in the central Bering Sea. 
 
 

Temperature and Salinity Sampling 

 
A salinity, temperature, and depth sensor (STD, manufactured by Alec Electronics Co., 

Ltd., Kobe, Japan) was used at each fishing station before the trawl. The STD recorded data at 
1-m intervals from the surface to a maximum of approximately 500 m. Surface water was 
sampled using a bucket to measure sea surface temperature (SST) and sea surface salinity 
(SSS) at each fishing station.  
 
 

Zooplankton and Micronekton Sampling 

 

Macro-zooplankton were sampled with a remodeled NORPAC net (0.45-m ring 
diameter, 1.93-m net length, 0.33-mm mesh size) at each fishing station without test trawl.  
The NORPAC net was towed vertically from a maximum of 150 m to the surface. A calibrated 
flow meter was attached to the opening of net in a position slightly off-center. The NORPAC 
net samples were fixed in 10% borax-buffered formalin. 

Large macro-zooplankton were collected at eight trawl locations (H22, H24, H16, H18, 
H20, H08, H10, and H12) using a BONGO net (2 rings, 0.7-m diameter, 4.1-m overall length, 
0.335-mm mesh size). An hour after sunset, the net was towed obliquely along the stern of the 
vessel from 100 m to the surface at a speed of approximately 1.5 knots. Calibrated flow meter 
was attached to the interior of each ring. Samples were fixed in 10% borax-buffered formalin 
in seawater. 
 
 

Fish Collection 

 
A surface trawl was used for experimental fishing operations to collect salmonids and 

other pelagic fish at each fishing station (Fig. 1 and Table 1). The trawl was towed at the 
speed of approximately 5 knots at the surface layer from the surface to approximately 30 m 
depth for one hour in daytime. The length of trawl net was 152 m. The cod end of the trawl 
net was lined with a non-tied net of mesh size 60.0 mm. To monitor depth and temperature of 
the trawl net, small depth–temperature recorders (SBT-500 manufactured by Murayama 
Denki Ltd., Tokyo, Japan) were attached to five different points of the trawl net (head rope, 
ground rope, cod end, right and left otter boards). In addition, hooks and lines were used to 
collect live fish samples for tagging study.  
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Fish Measurement and Sample Collection 

 
Salmonids were processed soon after removal from the fishing gear. The catch was 

sorted by species and counted. Biological data were recorded on the deck for each trawl: fork 
length (mm), body weight (10 g), sex, and gonad weight (0.1 g). Basic biological data were 
recorded for all individuals. Gonad weight was recorded from a maximum of 240 individuals 
(for chum salmon) or 120 individuals (for sockeye, pink, coho, and Chinook salmon) caught 
in each trawl. Body and gonad weights were measured using the Marine scale (manufactured 
by POLS, Reykjavik, Iceland). The presence of visceral adhesions was also recorded. One 
scale (for pink salmon) or two scales (for sockeye, chum, coho, and Chinook salmon) were 
collected for age determination and back-calculations of growth.  When possible, scales 
were collected from the preferred body area identified by the International North Pacific 
Fisheries Commission (INPFC) for scale sampling (Davis et al., 1990). 

Samples of body tissues from each salmon species were collected for stable isotope 
analyses. The isotope samples were frozen and transported to the Hokkaido National Fisheries 
Research Institute (HNFRI) for further laboratory examination. Adipose fins of chum, 
sockeye, Chinook, coho and pink salmon were collected for genetic stock identification (GSI). 
Otoliths of chum salmon were collected for detection of thermal marks on the otoliths. Chum 
salmon fin and otolith samples, fixed in ethanol, were transported to HNFRI. Sockeye and 
Chinook salmon fin samples were also fixed in ethanol and transported to HNFRI. Genetic 
samples of sockeye salmon were sent to Dr. Terry Beacham of the Pacific Biological Station, 
Canada. Genetic samples of Chinook salmon will be sent to Dr. James E. Seeb of the 
University of Washington, United Status. These genetic samples were provided according to 
the NPAFC sample exchange program. 

In 2013, stomach samples were collected from a maximum of 10 individuals per 
salmon species caught in each trawl for stomach contents analysis. Muscle samples of chum 
and Chinook salmon were also collected for thiamine analysis. Stomach and muscle samples 
were stored at -80°C and were transported to HNFRI. Muscle samples will be sent to Dr. Jim 
Murphy of Auke Bay Laboratories, Alaska Fisheries Science Center, NOAA Fisheries. 

Brain, pituitary, olfactory epithelium, and blood samples were collected from chum and 
sockeye salmon for molecular analysis of homing migration and imprinting mechanisms of 
Pacific salmon. Live 20 chum and 16 sockeye salmon were caught by trawl or angling. Fork 
length, body weight, and liver weight of collected fish were measured. Blood samples were 
collected from caudal vasculature and centrifuged to obtain the plasma samples. Plasma 
samples were kept in -80°C deep freezer. Brain and olfactory epithelium samples were 
dissected into six parts, fixed in the RNAlater solution (Life Technologies, Carlsbad, CA), and 
stored at -80°C. Pituitary samples were also collected, fixed in the RNAlater solution (Life 
Technologies), and stored -80°C. These samples were sent to Dr. Hiroshi Ueda of Hokkaido 
University for further molecular examinations in a laboratory. 

 
 

Release of Tagged Chum Salmon 

 
Live chum salmon caught in healthy condition were put into a recovery tank. Each fish 

was tagged with two disk tags, one issued by the Fisheries Agency of Japan (FAJ) and one by 
the North Pacific Anadromous Fish Commission (NPAFC). Both disk tags were placed on one 
plastic cinch strap and attached to the fish in an area anterior to the dorsal fin. In additions to 
two disk tags, small archival tags (model DST micro manufactured by Star-Oddi, Gardabaer, 
Iceland, size, 8.3 × 25.4 mm; weight in air, 3.3 g; number of records, 21,739 per sensor) were 
also used to record seawater temperature and depth of the immature chum salmon. In addition, 
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large archival tags (model DST magnetic manufactured by Star-Oddi, Gardabaer, Iceland, size, 
15 × 46 mm; weight in air, 19 g; number of records, 4,000 per sensor) were used to record 
seawater temperature, depth, earth’s magnetic field strength (in three directions), and tilt (in 
three directions) of the maturing chum salmon. From the magnetic field strength 
measurements a relative magnetic field vector is calculated, which can be put into models to 
find longitude and latitude of the fish. It is also a useful tool for recording compass directions. 
Archival tags were attached externally with titanium pins to the dorsal musculature of the fish 
anterior to the dorsal fin. The fork length was measured and two scales were collected before 
the fish was released to the sea. A total of 91 disk-tagged chum salmon was released into the 
Bering Sea (Table 2). A total of 19 chum and one sockeye salmon was released with both disk 
and small archival tags into the Bering Sea, while a total of seven chum salmon was released 
with both disk and large archival tags into the Bering Sea (Table 2).  

 
 

Seawater Sampling for Environmental DNA Analysis 

      
Surface seawater and seawater above and below thermocline were sampled for 

preliminary ichthyofauna investigation in the Bering Sea using environmental DNA (eDNA) 
analysis. Surface seawater was sampled at each fishing station using plastic bucket. Seawater 
above and below thermocline was collected at four fishing stations (H25, H17, H21, and H09) 
using Van Dorn water sampler. Collected water samples were filtered through GF/F filers and 
stored at -20°C. These samples were sent to Dr. Hitoshi Araki of Hokkaido University for 
future DNA analysis. 

 
 

Preliminary Results 

 
Seawater Temperature 

     Surface seawater temperatures (SSTs) in each 17 monitoring station were shown in 
Table 1. SSTs were more than 9°C at all stations except for station H15 (6.0°C) around the 
Aleutian Island. Horizontal SST distributions in the Bering Sea among six survey years were 
shown in Fig. 2. Mean SST in 2013 (9.5°C) was the highest among survey years (8.8-9.1°C). 
 
Zooplankton Abundance 

     Mean abundance of zooplankton from the 17 monitoring stations in the summer Bering 
Sea among six survey years (2007-2009, 2011-2013) were indicated in Fig. 3. The total 
abundance of zooplankton collected with NORPAC net increased during 2007 to 2009, but 
fluctuated during 2011 to 2013. On the other hand, the total abundance of zooplankton 
collected with BONGO net in odd years was basically lower than that in even years. The 
trends of abundance of copepods, chaetognaths, and appendicularians were different between 
the NORPAC and BONGO net samples. In contrast, the trends of abundance of other 
zooplankton collected with NORPAC net were basically similar to those of BONGO net. 
 
Catches of Salmon 

A total of 3,443 salmonids (2,643.4 kg) were caught by trawl and angling: 3,251 fishes 
by trawl and 192 fishes by angling (Table 1). Five species of salmonids were caught during 
the R/V Hokko maru cruise in 2013 summer: sockeye salmon (O. nerka), chum salmon, pink 
salmon (O. gorbuscha), coho salmon (O. kisutch), and Chinook salmon (O. tshawytscha). 
Chum salmon was the most abundant species (n = 3,013, 87.5%), followed by sockeye 
salmon (n = 306, 8.9%), Chinook salmon (n = 119, 3.5%), coho salmon (n = 3, 0.09%), and 
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pink salmon (n = 2, 0.06%).  
In addition to salmonids, 1,246 teleost fishes (26.1 kg), 115 squids (0.45 kg), and many 

jellyfish (304.98 kg) were caught in trawls (Table 1). Atka mackerel (Pleurogrammus 

monopterygius; n = 71), juvenile Atka mackerel (n = 1172), prowfish (Zaprora silenus; n = 3), 
and unknown small squids were caught. 
 
Body Size and Age of Chum Salmon 

Total numbers of collected chum salmon in this year was similar to that of 2007-2009 
fish, but lower compared with 2011 and 2012 fish. The fork length of chum salmon was 
distributed bimodally in every year: in the small size group (<400 mm) being mostly 1+ year 
old, and those in the large size group (>400 mm) being mostly older than 2 years (Fig. 4). 
Average fork length of chum salmon in this year (392.1±66.8 mm) was similar to that of 2007 
and 2008, however, larger compared with 2009, 2011 and 2012 fish. On the other hand, body 
weight of chum salmon in this year was significantly smaller compared with 2007-2009 and 
2011-2012 years after controlling for fork length (scale mass index, Fig. 5). Scale mass index 
was not correlated with mean catch per surface trawl (CPUE) at 17 fixed fishing stations 
(Pearson’s correlation coefficient=-0.458, P=0.631). Age-specific CPUE of chum salmon at 
17 fixed fishing stations for each year are compared in Fig. 6. Trend of age-specific CPUE 
was similar to that of 2007 survey. 

 
Stock-Specific CPUE of Chum Salmon 

Stock compositions and stock-specific CPUE of chum salmon by ocean age were 
estimated by GSI using 41 SNP markers. Our results show that ocean-age 1 fish were 
predominantly Japanese (52.3%) and Russian (46.1%) chum salmon, and CPUE of Japanese 
stocks was similar to that of Russian stocks (Table 3). On the other hand, Russian stocks were 
predominant among ocean-age 2-4 fish. Trends of stock compositions and CPUE of 
ocean-age 1 fish in 2013 were different from past results that Russian stocks were much 
dominant in 2007 and 2009-2012 years (S. Sato, unpublish data).  
     Stock composition of sockeye salmon caught in the Bering Sea during Hokko maru 
cruises in the summers of 2009 and 2011-2013 was estimated through an analysis of 
microsatellite variation (Beacham et al. 2014). 
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Table 1. Catches of sockeye salmon (SO), chum salmon (CH), pink salmon (PK), coho salmon (CO), Chinook salmon (CN), Atka mackerel (AM), 
juvenile Atka mackerel (JM), prowfish (PF), smooth lumpsucker (SL), unknown small squid (US), and jellyfish (JF) along with the sea surface 
temperature (SST, °C) at each station during the R/V Hokko maru cruise in summer 2013.  Above line was expressed in number whereas below gray 
line was expressed in kg for each station. J-gear, surface trawl; O-gear, hook and line; n.a., not available. *Point at which the net was hauled. **Body 
weight of released sockeye (N=1) and chum (N=117) salmon is not included in total weight. 
 

                                       
  St. Date Location* SST Gear  Salmonid fishes AM JM PF SL US JF 
    SO CH PK CO CN 
 Test 2013/7/25 56°01´N 175°00´ E 10.4 J  0 9 0 0 0 0 0 0 0 0 0 
         0 6.59 0 0 0 0 0 0 0 0 0 
  H22 2013/7/25 56°02´N 174°55´ E 10.4 J  3 59 0 0 0 0 3 0 0 6 n.a. 
          5.15 59.15 0 0 0 0 0.08 0 0 0.05 26.74 
  H23 2013/7/26 55°03´N 174°56´ E 9.9 J  1 37 0 0 0 0 49 2 0 1 n.a. 
          0.97 49.19 0 0 0 0 0.38 0.98 0 0.01 73.84 
  H24 2013/7/26 54°01´N 175°05´ E 10.1 J   0 39 0 0 0 0 121 1 0 37 n.a. 
          0 28.61 0 0 0 0 0.96 0.26 0 0.131 81.44 
  H25 2013/7/27 53°00´N 175°07´ E 10.5 J  1 88 0 0 0 1 0 0 0 8 n.a. 
          0.45 112.46 0 0 0 0.89 0 0 0 0.02 13.02 
  H15 2013/7/28 52°35´N 180°00´  6.0 J  0 21 1 0 0 0 0 0 0 0 n.a. 
          0 36.45 2.0 0 0 0 0 0 0 0 4.18 
  H16 2013/7/28 53°32´N 179°59´ E 9.3 J  25 70 0 0 0 1 0 0 0 1 n.a. 
          19.44 61.62 0 0 0 0.2 0 0 0 0.01 13.28 
  H17 2013/7/29 54°33´N 179°56´ E 9.1 J  3 56 0 0 2 66 52 0 0 5 n.a. 
          2.35 47.71 0 0 6.32 9.98 0.42 0 0 0.02 8.51 
  H18 2013/7/29 55°34´N 179°54´ E 9.4 J   4 154 0 1 9 0 81 0 0 0 n.a. 
          1.54 140.08 0 3.04 15.54 0 0.82 0 0 0 1.46 
  H19 2013/7/30 56°34´N 179°59´ E 9.7 J  0 101 0 0 4 1 0 0 0 0 n.a. 
         0 116.5 0 0 6.91 0.69 0 0 0 0 1.97 
  H20 2013/7/30 57°32´N 179°59´ W 9.6 J  0 175 0 1 12 0 563 0 0 57 n.a. 
          0 129.13 0 2.64 12.31 0 6.35 0 0 0.21 4.54 
  H21 2013/7/31 58°33´N 179°58´ E 10.4 J  9 417 0 0 22 0 0 0 0 0 n.a. 
          12.06 311.91 0 0 26.61 0 0 0 0 0 5.62 
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Table 1. (continued) 
 

                                       
  St. Date Location SST Gear  Salmonid fishes AM JM PF SL US JF 
    SO CH PK CO CN 
 H07 2013/8/1 57°59´N 175°06´ W 11.1 J  100 333 0 0 1 0 0 0 0 0 n.a. 
         43.3 201.33 0 0 0.58 0 0 0 0 0 18.7 
 H08 2013/8/1 56°58´N 175°01´ W 10.2 J  59 279 0 0 43 0 0 0 0 0 n.a. 
         30.47 178.49 0 0 32.71 0 0 0 0 0 16.71 
 H09 2013/8/2 55°57´N 175°00´ W 10.6 J  57 561 0 0 4 0 0 0 0 0 n.a. 
         32.85 330.19 0 0 2.83 0 0 0 0 0 10.58 
 H10 2013/8/2 54°59´N 174°58´ W 10.6 J   8 262 0 0 2 0 265 0 0 0 n.a. 
          8.2 224.21 0 0 1.67 0 2.54 0 0 0 7.15 
  H11 2013/8/3 53°57´N 174°57´ W 10.6 J  1 61 0 0 0 0 38 0 0 0 n.a. 
          0.84 53.65 0 0 0 0 0.2 0 0 0 6.89 
  H12 2013/8/3 52°59´N 174°56´ W 10.5 J  20 44 0 0 17 0 0 0 0 0 n.a. 
          18.1 55.24 0 0 24.84 0 0 0 0 0 9.97 
 H25.1 2013/8/5 52°58´N 174°53´ E 11.3 J  7 67 1 0 0 2 0 0 0 0 n.a. 
         4.78 70.25 1.32 0 0 1.36 0 0 0 0 0.38 
  H25- 7/25–8/3 Bering Sea  O  8 180 0 1 3 0 0 0 0 0 0 
  H12        11.56 92.69 0 1.76 4.79 0 0 0 0 0 0 
 Total**        306 3013 2 3 119 71 1172 3 0 115 n.a 

          192.06 2305.45 3.32 7.44 135.11 13.12 11.75 1.24 0 0.45 304.98 
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Table 2. Tag releases during the R/V Hokko maru cruise in the Bering Sea in 2013 summer. FAJ, 
Fisheries Agency of Japan; NPAFC, North Pacific Anadromous Fish Commission. 
 

              
# St. Date Type of 

archival tag 
Archival 

tag number 
 Disk tag number 

Species FL 
(mm) 

Age 
Gear 

 NPAFC  FAJ FW SW 
1 H22 2013/7/25 Magnetic 666  NA5418  D-0901 chum 610 0 4 O 
2 H24 2013/7/26 Magnetic 669  NA5454  D-0902 chum 613 0 4 J 
3 H24 2013/7/26 Magnetic 673  NA5483  D-0903 chum 561 0 3 O 
4 H16 2013/7/28 Micro 1  NA5499  D-0904 sockeye 466 2 2 O 
5 H16 2013/7/28 Magnetic 679  NA5500  D-0905 chum 625 0 3 O 
6 H17 2013/7/29 Micro 2  NA5501  D-0911 chum 441 0 2 O 
7 H17 2013/7/29 Micro 3  NA5502  D-0907 chum 431 0 2 O 
8 H17 2013/7/29 Micro 4  NA5503  D-0908 chum 440 0 2 O 
9 H17 2013/7/29 Micro 5  NA5504  D-0910 chum 453 0 2 O 
10 H17 2013/7/29 Micro 6  NA5506  D-0920 chum 443 0 2 O 
11 H18 2013/7/29    NA5508  H-1937 chum 542   O 
12 H18 2013/7/29    NA5511  H-1940 chum 514 0 3 O 
13 H18 2013/7/29    NA5512  H-1932 chum 489 0 3 O 
14 H18 2013/7/29 Micro 7  NA5507  D-0906 chum 487  3 O 
15 H18 2013/7/29 Micro 8  NA5513  D-0912 chum 487 0 3 O 
16 H18 2013/7/29 Micro 9  NA5514  D-0913 chum 455 0 2 O 
17 H18 2013/7/29    NA5515  H-1935 chum 491 0 3 O 
18 H18 2013/7/29 Micro 10  NA5516  D-0914 chum 458 0 2 O 
19 H18 2013/7/29 Micro 11  NA5517  H-1939 chum 460 0 2 O 
20 H19 2013/7/30 Magnetic 681  NA5518  D-0915 chum 637 0 4 O 
21 H19 2013/7/30 Micro 12  NA5519  D-0916 chum 449 0 2 O 
22 H19 2013/7/30 Micro 13  NA5520  D-0917 chum 454 0 2 O 
23 H19 2013/7/30    NA5521  H-1936 chum 445 0 2 O 
24 H19 2013/7/30 Magnetic 682  NA5522  D-0918 chum 588 0 3 O 
25 H19 2013/7/30 Micro 14  NA5523  D-0919 chum 449 0 2 O 
26 H19 2013/7/30    NA5524  H-1931 chum 460 0 3 O 
27 H19 2013/7/30    NA5525  H-1934 chum 504 0 3 O 
28 H19 2013/7/30    NA5526  H-1980 chum 515 0 3 O 
29 H19 2013/7/30    NA5527  H-1971 chum 461 0 3 O 
30 H19 2013/7/30    NA5528  H-1977 chum 517 0 3 O 
31 H19 2013/7/30    NA5529  H-1972 chum 510 0 3 O 
32 H19 2013/7/30    NA5530  H-1974 chum 471 0 2 O 
33 H19 2013/7/30    NA5531  H-1975 chum 470 0 3 O 
34 H19 2013/7/30    NA5532  H-1973 chum 522 0 3 O 
35 H19 2013/7/30    NA5533  H-1976 chum 493 0 3 O 
36 H20 2013/7/30 Micro 15  NA5534  D-0920 chum 404 0 2 O 
37 H20 2013/7/30    NA5541  H-1978 chum 449 0 3 O 
38 H20 2013/7/30    NA5542  H-1979 chum 455 0 3 O 
39 H20 2013/7/30    NA5543  H-1941 chum 473 0 2 O 
40 H20 2013/7/30    NA5544  H-1942 chum 373 0 1 O 
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Table 2. (continued) 
              

# St. Date Type of 
archival tag 

Archival 
tag number 

 Disk tag number 
Species FL 

(mm) 
Age 

Gear 
 NPAFC  FAJ FW SW 

41 H20 2013/7/30    NA5545  H-1943 chum 452 0 2 O 
42 H20 2013/7/30    NA5546  H-1944 chum 463 0 3 O 
43 H20 2013/7/30    NA5547  H-1945 chum 490 0 3 O 
44 H20 2013/7/30 Micro 17  NA5535  D-0922 chum 357 0 1 O 
45 H20 2013/7/30    NA5548  H-1946 chum 451 0 2 O 
46 H20 2013/7/30    NA5549  H-1947 chum 482  3 O 
47 H20 2013/7/30 Micro 16  NA5536  D-0923 chum 348 0 1 O 
48 H20 2013/7/30    NA5550  H-1948 chum 447 0 2 O 
49 H20 2013/7/30 Micro 18  NA5537  D-0924 chum 355 0 1 O 
50 H20 2013/7/30    NA5551  H-1949 chum 408 0 2 O 
51 H20 2013/7/30    NA5552  H-1950 chum 449 0 2 O 
52 H20 2013/7/30    NA5553  H-1951 chum 511 0 2 O 
53 H20 2013/7/30    NA5555  H-1952 chum 442 0 2 O 
54 H20 2013/7/30    NA5556  H-1953 chum 422 0 2 O 
55 H21 2013/7/31    NA5557  H-1954 chum 550 0 3 O 
56 H21 2013/7/31    NA5558  H-1955 chum 518 0 3 O 
57 H21 2013/7/31    NA5559  H-1956 chum 479 0 3 O 
58 H21 2013/7/31    NA5560  H-1957 chum 435 0 2 O 
59 H21 2013/7/31    NA5561  H-1958 chum 434 0 2 O 
60 H21 2013/7/31 Micro 19  NA5538  D-0925 chum 379 0 1 O 
61 H21 2013/7/31    NA5562  H-1959 chum 527 0 3 O 
62 H21 2013/7/31    NA5563  H-1960 chum 527 0 3 O 
63 H21 2013/7/31    NA5564  H-1961 chum 437   O 
64 H21 2013/7/31    NA5565  H-1962 chum 498 0 3 O 
65 H21 2013/7/31    NA5566  H-1963 chum 464 0 2 O 
66 H21 2013/7/31    NA5567  H-1964 chum 459  2 O 
67 H21 2013/7/31    NA5568  H-1965 chum 420   O 
68 H21 2013/7/31    NA5569  H-1966 chum 433 0 2 O 
69 H21 2013/7/31    NA5570  H-1967 chum 449 0 2 O 
70 H21 2013/7/31    NA5571  H-1968 chum 435 0 3 O 
71 H21 2013/7/31    NA5572  H-1969 chum 492 0 2 O 
72 H21 2013/7/31    NA5573  H-1970 chum 521 0 3 O 
73 H21 2013/7/31    NA5574  H-1981 chum 549 0 3 O 
74 H21 2013/7/31    NA5575  H-1982 chum 456   O 
75 H21 2013/7/31    NA5576  H-1983 chum 485 0 3 O 
76 H21 2013/7/31    NA5577  H-1984 chum 456 0 2 O 
77 H07 2013/8/1    NA5579  D-0927 chum 526 0 3 O 
78 H07 2013/8/1    NA5580  D-0928 chum 445 0 2 O 
79 H07 2013/8/1    NA5581  D-0929 chum 443 0 2 O 
80 H07 2013/8/1    NA5540  D-0930 chum 446 0 2 O 
81 H08 2013/8/1    NA5582  H-1985 chum 455 0 2 O 
82 H08 2013/8/1 Micro 20  NA5578  D-1778 chum 367 0 1 O 
83 H08 2013/8/1    NA5583  H-1986 chum 414 0 2 O 
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Table 2. (continued) 
              

# St. Date Type of 
archival tag 

Archival 
tag number 

 Disk tag number 
Species FL 

(mm) 
Age 

Gear 
 NPAFC  FAJ FW SW 

84 H08 2013/8/1    NA5585  H-1998 chum 538 0 2 O 
85 H09 2013/8/2    NA5586  H-1989 chum 411 0 3 O 
86 H09 2013/8/2    NA5587  H-1990 chum 509 0 2 O 
87 H10 2013/8/2    NA5588  H-1991 chum 439  3 O 
88 H10 2013/8/2    NA5589  H-1992 chum 441 0 2 O 
89 H10 2013/8/2    NA5590  H-1993 chum 469 0 2 O 
90 H10 2013/8/2    NA5591  H-1994 chum 494 0 2 O 
91 H10 2013/8/2    NA5592  H-1995 chum 445 0 3 O 
92 H10 2013/8/2 Magnetic 674  NA5539  D-0926 chum 548 0 3 O 
93 H10 2013/8/2    NA5593  H-1996 chum 516 0 4 O 
94 H10 2013/8/2    NA5594  H-1997 chum 554 0 2 O 
95 H10 2013/8/2    NA5597  H-1998 chum 482 0 4 O 
96 H10 2013/8/2    NA5596  H-1999 chum 493 0 2 O 
97 H10 2013/8/2    NA5595  H-2000 chum 465 0 3 O 
98 H10 2013/8/2    NA5598  D-0963 chum 489 0 2 O 
99 H10 2013/8/2    NA5599  D-0962 chum 489 0 2 O 

100 H10 2013/8/2    NA5600  D-0969 chum 455 0 3 O 
101 H10 2013/8/2    NA5800  D-0981 chum 431 0 2 O 
102 H10 2013/8/2    NA5901  D-0982 chum 468 0 2 O 
103 H10 2013/8/2    NA5802  D-0983 chum 534 0 2 O 
104 H10 2013/8/2    NA5803  D-0990 chum 479 0 3 O 
105 H10 2013/8/2    NA5804  D-0989 chum 544 0 2 O 
106 H11 2013/8/3    NA5805  D-0961 chum 495 0 5 O 
107 H11 2013/8/3    NA5806  D-0970 chum 442 0 3 O 
108 H11 2013/8/3    NA5807  D-0984 chum 459 0 2 O 
109 H11 2013/8/3    NA5808  D-0987 chum 487 0 2 O 
110 H11 2013/8/3    NA5810  D-0988 chum 504 0 3 O 
111 H11 2013/8/3    NA5809  D-0985 chum 453 0 3 O 
112 H11 2013/8/3    NA5811  D-0986 chum 607 0 4 O 
113 H11 2013/8/3    NA5812  D-0940 chum 589 0 4 O 
114 H11 2013/8/3    NA5813  D-0939 chum 509 0 4 O 
115 H12 2013/8/3    NA5814  D-0931 chum 550 0 3 O 
116 H12 2013/8/3    NA5815  D-0932 chum 540 0 3 O 
117 H12 2013/8/3    NA5816  D-0933 chum 526 0 3 O 
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Table 3. Preliminary estimations of (A) stock compositions and (B) stock-specific 

CPUE of immature chum salmon by ocean age in the Bering Sea during the summer 

of 2013. Stock compositions were estimated by SNP analysis. 

(A) Ocean age-1 Ocean age-2 Ocean age-3 Ocean age-4 

Number of samples 1212 441 156 20 

Japan 0.523 0.283 0.223 0.350 

Russia 0.461 0.682 0.733 0.650 

North America 0.016 0.035 0.045 0.000 

     

(B) Ocean age-1 Ocean age-2 Ocean age-3 Ocean age-4 

Mean CPUE* 113.5 35.9 7.7 1.4 

Japan 59.3 10.2 2.5 0.5 

Russia 52.3 24.5 8.1 0.9 

North America 1.9 1.3 0.5 0.0 

*Mean CPUE=Total CPUE/15 fishing stations (H07-H10, H15-H25) 
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Fig. 1. The path of the R/V Hokko maru during the summer 2013 cruise and the location of 17 
monitoring (orange circles), test (blue circle), and option (yellow circle) stations. 
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Fig. 2. Horizontal distributions of surface seawater temperature in the Bering Sea among six 
survey years (2007-2009, 2011-2013). 17 monitoring stations in the Bering Sea among six 
survey years are indicated by closed circles. 
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Fig.3. Mean abundance (wet weight: mg/m3) of zooplankton collected with (A) NORPAC and (B) BONGO 
nets from the 17 monitoring stations of the summer Bering Sea during 2007-2013. No research cruise was 
conducted in 2010. Error bars indicate standard deviations. 
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Fig. 4. Yearly fork length distributions of chum salmon in the 17 fixed fishing stations in Bering Sea from 
2007 to 2013. 
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Fig. 5. Scaled mass index (Peig and Green 2009) of chum salmon for each year, obtained 
from 17 fixed fishing stations, i.e., body weight standardized to 400 mm fork length. Error 
bars indicate 95% confidence intervals. Significant differences among years are indicated 
with different letters (One-way ANOVA and Scheffe’s test, P<0.05). 
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Fig. 6. Age-specific CPUE (number of individuals caught per surface trawl) of chum salmon 
for each year, obtained from 17 fixed fishing stations. (A) a lognormal distribution of errors 
was assumed, (B) a normal distribution. 
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Abstract 
 

Sockeye salmon samples from six populations from Kamchatka Peninsula were 
tested for polymorphism at six microsatellite (STR) and forty-five single nucleotide 
polymorphism (SNP) loci. These populations included the five largest populations in 
the region. Statistically significant genetic differentiation among the local populations 
from this part of the species range examined was demonstrated. The STR variability 
points to pronounced genetic divergence of the populations from two geographical 
regions, Eastern and Western Kamchatka. The results of SNP analysis further revealed 
that the populations of the two northern Kamchatka rivers (Palana River and Pakhacha 
River) differed significantly from the other populations studied. We estimated the 
efficiency for both types of markers for individual assignment of fish taken in 
mixtures. Accuracy was generally higher for assignment with SNP data; however, 
pooling of the STR and SNP data sets provided higher accuracy than with either one 
alone. 
 

Introduction 
 
Studies of structure and genetic differentiation as well as mixed stock analysis 

of commercial fish species populations represent one of the most useful molecular 
genetics applications in contemporary ichthyological science. Popular markers include 
microsatellites (short tandem repeats, STR) and SNPs.  So far, both of these methods 
have been widely used in population studies of pacific salmon. 

For example, microsatellite (STR) loci variability was fully examined in both 
North American (Beacham et al., 2006a, Beacham et al., 2005a, b, Beacham et al., 
2011, and many others) and in Asian (Beacham et al., 2006, Khrustaleva, Zelenina, 
2008, Khrustaleva et al., 2010, Pilganchuk et al., 2010, Pilganchuk, Shpigalskaya, 
2013) sockeye salmon populations. Microsatellite baseline for individual genetic 
identification and mixed stock analysis was developed for the majority of the largest 
North American and Asian stocks (Beacham et al., 2005; Beacham et al., 2010). In the 

1 



last few years a large-scale study of population structure and differentiation of sockeye 
salmon from Bristol Bay and southwest coast of Alaska using extensive SNP-loci 
panel was undertaken (Ackerman et al., 2011; Creelman et. al., 2011, Gomez-Uchida 
et al., 2011, McGlauflin et al., 2011). The sockeye salmon SNP database developed by 
Alaska Department of Fish and Game in a partnership with the University of 
Washington (United States) currently numbers hundreds of loci and it is continually 
increasing (Habicht et al., 2010, Seeb et al., 2010). These same SNPs are now being 
used to manage fisheries in Alaska by assigning the catch to stocks of origin (Dann et 
al. 2013).   

At the same time, examination of the genomic polymorphism of Asian sockeye 
salmon using SNPs is at its beginning (Gritsenko et al., 2007; Khrustaleva et al., 2010; 
Khrustaleva et al., 2013). Until recently, variations of SNP loci generally used in the 
international studies for genotyping of North American sockeye salmon were not 
examined in Russian populations. It is well known that the largest stocks providing 
more than 95% of the Russian catch of sockeye salmon, reproduce in Kamchatka. 
Within this territory, sockeye salmon is most abundant in the basins of the Ozernaya 
River (the size of the Kuril’skoe Lake population constitutes more than 70% of the 
total number of Asian sockeye salmon), Kamchatka River (where in certain years 
almost 70 to 80% of the total number of Eastern Kamchatka sockeye salmon is 
reproduced), rivers of the western coast of the peninsula (Bol’shaya River and Palana 
River), and the rivers of Koryak Plateau (Pakhacha River and others) (Burgner, 1991; 
Bugaev, 1995). 

The present study was focused on the analysis of STR and SNP polymorphism 
in the populations of sockeye salmon from East and West Kamchatka, and on the 
assessment of genetic differentiation of the largest sockeye salmon populations from 
the Kamchatka Peninsula (Ozernaya River, Bol’shaya River, Palana River, Kamchatka 
River, and Pakhacha River), as well as on the efficiency of the markers selected for 
performing population assignment. 

 
Materials and methods 

 

Comparative analysis of sockeye salmon population structure from the five 
largest river-lake systems of Kamchatka Peninsula was carried out using both types of 
molecular markers. Specifically, polymorphism at six microsatellite loci (One-108, 
One-109, One-111, One-114, OtsG253b, and OMM-1082), as well as at forty-five 
SNP loci (Habicht et al., 2010, Seeb et al., 2010; Smith et al., 2005; Elfstrom et al., 
2006; Habicht et al., 2010) was examined. The samples were collected in 2003 during 
mass spawning run of summer sockeye salmon in the lower reach of Ozernaya, 
Bol’shaya, and Palana rivers (Kamchatka, western coast), and in 2004 through 2005 in 
the outlets of Kamchatka River and Pakhacha River (Kamchatka, eastern coast). Brood 
stock of the spring sockeye salmon from the basin of Kamchatka River, migrating to 
the spawning grounds in Bushuev River, was sampled in Azabach’e Lake on July 3 
and 13, 2004 (Fig. 1, Table 1). 
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Total genomic DNA was extracted from liver and fin samples by standard 
methods (Maniatis et al., 1982). 

Polymorphism of microsatellite DNA loci was examined using the methods 
described in (Khrustaleva, Zelenina, 2008) and (Zelenina et al., 2008). 

Polymorphism of SNP loci was typed using TaqMan-PCR. Molecular genetic 
analysis was carried out at the Laboratory of Ecological Genomics, School of Aquatic 
and Fishery Sciences, University of Washington. Tissue samples were transferred to 
USA under the NPAFC agreement on Sample and Data Exchanges (request № U12-
05). The genotyping method is described in detail in (Seeb et al., 2009; Khrustaleva et 
al., 2013). The One_ prefix accepted for designation of sockeye salmon SNP loci is 
omitted for brevity. 

The main population genetic indices inferred from the analysis of STR and SNP 
polymorphisms were estimated using the GENEPOP 3.4 (Raymond, Rousset, 1995), 
FSTAT 2.9.3 (Goudet, 2001), Microsatellite analyzer (MSA) 3.12 (Dieringer, 
Schlotterer, 2002), Populations 1.2.30 (Langella, 2002), TreeView 1.6.6 (Page, 1996), 
and Arlequin 2.0 (Schneider et al., 2000) software programs. The test for Hardy–
Weinberg equilibrium and linkage disequilibrium test were performed using the 
Markov Chain method implemented in the GENEPOP 3.4 program. Estimates of 
allelic diversity corrected for the unified minimal sample size (allelic richness) were 
calculated in the FSTAT 2.9.3 program. Allele and heterozygosity frequencies in the 
samples, as well as the conformity between the observed and expected allelic richness 
in accordance with the two models of mutation processes at microsatellite loci, 
stepwise mutation model (SMM), and infinite alleles model (IAM), were determined 
using the MSA 3.12 program. Calculation of Nei’s genetic distances and δμ2, as well 
as the NJ (Neighbor Joining) dendrogram construction were performed in the 
Populations 1.2.30 program with further visualization in the TreeView 1.6.6. Estimates 
of inter population differentiation of allelic frequencies Fst (θst), and similar estimates 
accounting for microsatellite allele sizes Rst (ρst) were calculated using the GENEPOP 
3.4 program. The test for population assignment (likelihood ratio test) was carried out 
in the Arlequin 2.0 program. 

 
Results 

 
Microsatellite (STR) Markers 

All microsatellite loci examined were highly polymorphic, and number of alleles 
per locus varied from 8 to 28 (16.7, on average, Table 2). The observed number of 
alleles per locus at the OtsG253b, One-108, and One-109 loci in all samples, as well as 
at the One-114 locus in five samples, was more consistent with the expected number of 
alleles per locus based on the stepwise mutation model (SMM). However, description 
of the mutation process at the One-111 and OMM-1082 loci in 70% of tests fitted the 
infinite alleles model (IAM). Thus, further description of the microsatellite loci 
polymorphism implies the use of statistics, based on the analysis of variance of allele 
sizes (SMM model), and allelic frequencies (IAM model). Furthermore, the latter 
model can be also applied to the analysis of SNP loci. 
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The expected heterozygosities varied in the range from 0.77 to 0.95 (Table 2). 
The mean expected heterozygosity and allelic diversity estimates were the lowest in 
the samples from Palana and Kamchatka rivers (He = 0.877; allelic richness (minimum 
sample size n = 52), 14.0 and 15.0, respectively). At the same time, sockeye salmon 
from Ozernaya River were characterized by highest genetic polymorphism (He = 
0.896; number of alleles per locus, 17.0). In the samples from Pakhacha and Bol’shaya 
rivers, and from Azabach’e Lake the values of mean expected heterozygosity of 0.889, 
0.890, and 0.894, respectively. The mean number of alleles per locus was 15.7, 15.4, 
and 15.6, respectively. In most of the samples examined the observed heterozygosity 
was not higher than the expected one. One exception was the sample from Pakhacha 
River, where at six loci the opposite tendency was observed (Table 2). Comparison of 
observed and expected genotypic distributions revealed statistically significant deficit 
of heterozygotes at the One-114 and One-111 loci in the populations of the Ozernaya 
and Palana rivers, and at the One-109 locus in the populations from Azabach’e Lake. 
The test for linkage disequilibrium revealed no correlation between the genotypes at 
any of the loci. 

The probability tests for genetic differentiation between the samples revealed 
statistically significant inter population differences (p << 0.003 after correction for 
multiple comparisons). Pairwise comparisons of the genotypic frequencies also 
pointed to statistically significant genotypic differentiation of the Kamchatka 
populations (p << 0.003); statistically significant differences were observed at all of 
the loci examined. Differences in allelic and genotypic frequencies were not observed 
between the seasonal races of sockeye salmon from Kamchatka River (the samples 
from Kamchatka River and Azabach’e Lake). 

Fst varied from 0.006 to 0.027, and Rst from –0.001 (i.e., allelic variants from 
different populations were more close to each other, than within one population) to 
0.041 (Table 3). Based on these estimates (Table 3), it is suggested that the pattern of 
population genetic differentiation globally correlates with spatial geographic structure 
of the species within the section of the range examined. To determine whether the 
correlation between genetic and geographic distances was statistically significant, the 
hypothesis of isolation by distance was tested using Mantel’s test. The testing 
demonstrated that gene migration between local populations of Kamchatka sockeye 
salmon decreased with the increase of the distance between spawning grounds (p = 
0.010/p = 0.012; respectively, for Fst(D)/Rst(D)). Global differentiation level among all 
the samples (Fst/Rst) over all loci examined constituted 0.017/0.018 (p = 0.0001), and 
at individual locus, from 0.008 (OMM-1082)/0.0009 (One-111) to 0.033 (One-
109)/0.061 (OtsG253b). We note that more prominent differences between the two 
regions East and West Kamchatka were revealed by use of R-statistics, whereas F-
statistics disclosed sufficient inter population variability in sockeye salmon stocks 
within the regions (Table 4). 

The unrooted NJ-tree built based on the δμ2 reflected differentiation of 
Kamchatka sockeye salmon into two large regional complexes of Eastern and Western 
Kamchatka (Fig. 2). 

Population assignment of individuals from Eastern and Western Kamchatka was 
performed using the likelihood ratio test (population assignment test). The data on 

4 



samples assignment are demonstrated in Table 5. On average, brood stocks of 
Kamchatka sockeye salmon were accurately assigned to native populations only in 
74% of the tests. The proportion of accurate population assignments was higher in the 
samples of Eastern Kamchatka, while probability of population discrimination from 
the southwest of the peninsula was rather low (66 to 67%). 

 
SNP Markers 

From 45 SNP loci examined, only four loci (p53-576, ctgf-301, RAG1-103, 
U404-229) were excluded from the analysis as monomorphic. Whereas in Pakhacha 
River sample RAG1-103 and U404-229  were found to have one variant allele for each 
locus, p53-576 and ctgf-301 loci were fixed for one of the alleles in all populations. 
Minor allele frequencies in the remaining SNPs (41 loci) were all above 1%. 

Test for linkage disequilibrium revealed a correlation between the genotypes of 
the mitochondrial SNPs (CO1, Cytb_26, Cytb_17). Moreover the tests on loci 
independence were not significant (p< 0.00007 after Bonferroni correction) for the loci 
pairs: zP3b - MARCKS-241, ctgf-30 - Tf_ex3-182 in KB-03 sample, GPDH2 - GPDH 
in КК sample, and MHC2_190v2 and MHC2_251v2 – in the following samples: KB-
03, KPh, and Kka. Thus we have a good reason to consider the three mitochondrial 
SNPs as a combined haplotype (one locus) - Cytb_CO1. There were no sufficient 
grounds for combining MHC2_190v2 and MHC2_251v2 in a linkage group because of 
marked differences in exon and inron evolution of MHC gene complex as well as high 
probability of location of recombination "hot spot" between them as previously 
demonstrated (Gomez-Uchida et al., 2011). Thus, after combining the linked loci, 
there are 39 SNP loci for further analysis (38 nuclear loci and 1 mitochondrial locus). 

The detection of the loci as candidates for selection revealed five extreme Fst 
values. It was ascertained by the results of the test that the five loci (GPH-414, 
MHC2_251v2, MHC2_190v2, pIns-107, ALDOB-135) were candidates for 
diversifying selection (p<0.01). 

Estimates of intra population genetic diversity in six sockeye salmon populaiton 
are given in Table 6. 

Out of 228 tests for deviation from Hardy–Weinberg equilibrium (mitochondrial 
markers excluded), 18 tests were significant (p< 0.05). After Bonferroni correction the 
probability test revealed statistically significant departure of genotype distributions 
from Hardy–Weinberg proportions (p< 0.0013) in Kamchatka River sample on 
MHC2_190v2 and MHC2_251v2 loci associated with the heterozygote deficiency. 

The sample examined demonstrated statistically significant heterogeneity 
relative to allelic and genotypic frequencies (p << 0.003 after Bonferroni correction). 
The tests for gene and genotypic population differentiation were statistically 
significant at almost all the loci tested with the exception of MARCKS-241 (p= 0.412). 

The mean inter-population genetic diversity measured by the Fst value 
constituted 0.106 (p = 0.0001). The largest genetic differences were revealed between 
the Palana River population and local populations of southwest (Ozernaya River, 
Bolshaya River) and east (Kamchatka River, Pakhacha River) of Kamchatka (Table 3). 
Sockeye salmon from Pakhacha River differed sufficiently from the other samples and 
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foremost from Kamchatka River early runners. The differences between sockeye 
salmon samples from Southwest Kamchatka were the least (Table 3). At the individual 
loci, Fst values varied from 0.0002 (MARCKS-241) to 0.374 (GPH-414). This means 
that the largest inter population differentiation was detected at the latter locus. 
Isolation by distance of local sockeye salmon populations from Kamchatka at the SNP 
loci was not confirmed by Mantel’s test (p = 0.156). Moreover it was ascertained from 
the results of the SNP analysis that differences among sockeye salmon populations 
within the regions of origin sufficiently exceeded the differences between regions 
(Table 4). 

In NJ-tree the two clades are distinguished: Southwest Kamchatka and 
Kamchatka River drainage. Samples from Palana River (northwest coast of the 
peninsula) and Pakhacha River (the northeast coast) stand apart from the others. 

The percentage of accurate population assignments of individual sockeye 
salmon based on the results of SNP analysis was on average higher than those inferred 
from six microsatellite loci (Table 5). But for neighbor populations from Southwest 
Kamchatka the percentage was also rather low and did not exceed 80%. 

 
Discussion 

 
The patterns of spatial genetic differentiation of sockeye salmon from the largest 

Asian population systems inferred from SNP and microsatellite DNA analyses did not 
correspond to each other. STR-loci polymorphism in the samples analyzed point to 
strong genetic divergence of the populations from two geographic regions, Eastern and 
Western Kamchatka. For example the dendrogram reflecting population genetic 
differentiation of sockeye salmon based on six microsatellite loci illustrated 
partitioning of Kamchatka sockeye salmon into two large regional complexes (Figure 
2). On the other hand, according to the SNP data, populations of northern rivers of 
Kamchatka - Palana R. and Pakhacha R. considerably differed from the others (Figure 
3). Estimates of inter population genetic divergence based on microsatellite loci data 
correlated with spatial geographic structure of the species in the part of the area 
examined; the degree of population differentiation based on SNP markers was not 
associated with geographic distance and may be associated with other factors. 

The discrepancy revealed can be caused by differences in evolution patterns of 
the markers selected. Microsatellites localized mainly in noncoding genome regions 
are commonly considered as neutral markers while, in the case of SNP, their neutrality 
should be checked for each individual locus, taking into account that many SNPs were 
detected in structural genes or EST-sequences. Non-synonymous substitutions, as well 
as SNPs associated with adaptively important genes or localized in non-translated 
regulatory DNA regions are more likely to be affected by selection.  This fact can 
cause a significant distortion in phylogenetic reconstructions and inter-population 
differentiation. This is because the estimates of divergence time tend to decrease when 
working with over dominant genes and increase if loci that experience the pressure of 
disruptive selection prevail (Altukhov, Salmenkova, 2002). Moreover microsatellites 
are characterized by a high frequency of mutations with estimates of 10–2–10–4, as 
compared to 10–8–10–9 for SNPs; therefore, the latter are more frequently used for the 
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study of populations with a more prolonged period of divergence (e.g. populations of 
geographically distant river-lake systems). For this problem microsatellites are often 
inappropriate because of allelic homoplasy, i.e. fragment identity by length but not by 
origin. For instance the highest contribution to differentiation of Asian and American 
sockeye salmon at the level of large population systems, associated with lake or river 
basins, was made by MHC; these differences may reflect adaptive divergence of the 
MHC loci as has been suggested elsewhere (Ackerman et al. 2011, Gomez-Uchida et 
al. 2011, McLaughlin et al. 2011). 

It is important to note that the analysis of polymorphism at microsatellite loci is 
combined with several technical difficulties related, for instance, to the determination 
of allele variants. The problems of choice of an adequate mathematical model and 
interpretation of results of microsatellite analysis are mainly determined by a complex 
mutation behavior of loci, homoplasy, and null-alleles. 

For assessment of efficiency of Kamchatka sockeye salmon individual 
identification for both marker types assignment tests were carried out. According to 
the results of classification samples consisting of 100% individuals from a single 
population, the resolution of the baseline containing allele frequencies of 6 
microsatellite loci and 45 SNP loci was determined. Tests showed that the 
identification accuracy achieved by using 45 SNP baseline was much higher than for 6 
microsatellites baseline. Individual assignment success depends on the number of 
markers and their variation (Morin et al., 2004). Bi-allelic markers are less informative 
compared to multi-allelic and consequently their number should be much bigger. 
However, use of such markers together with microsatellites as pooled baseline for 
population assignment of sockeye salmon provided substantial increase of the 
assignment accuracy, up to 95% as in our experiment, while even a 90% level is 
considered rather satisfactory (Smith, Seeb, 2008). 
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Table 1. The samples of sockeye salmon from Eastern and Western Kamchatka 
 

Sample size 
Population Label Catch dates Analysis of STR 

loci polymorphism 
Analysis 
of SNP 

Eastern Kamchatka, 
Pakhacha River KPh June 17–27, 

2005 52 59 

Eastern Kamchatka, 
Kamchatka River (mouth) KK June 29–July 

9, 2004 51 95 

Eastern Kamchatka, 
Kamchatka River basin, 
Azabach’e Lake 

KKa July 3, 13, 
2004 58 81 

Western Kamchatka, 
Ozernaya River KO August 4–7, 

2003 91 95 

Western Kamchatka, 
Bol’shaya River KB July 23–30, 

2003 93 91 

Western Kamchatka, 
Palana River KP July 10–21, 

2003 96 87 
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Table 2. Characteristics of the STR and SNP loci examined (observed (Ho) and 
expected (He) heterozygosity, data of the probability test for fit to Hardy–Weinberg 
equilibrium (p), and departure of the observed genotype ratios from Hardy–Weinberg 
equilibrium (Fis)) 

Expected 
allele numberPopu-

lation Locus Allele size 
(limits) 

n of 
alle-
les SMM IAN 

Ho He p Fis 

KB OtsG253b 126-166 11 8.5 19.4 0.78 0.846 0.617 0.075
 One-111 186-318 22 11.3 25.9 0.928 0.893 0.294 -0.042
 OMM-1082 198-298 20 12.1 27 0.863 0.901 0.584 0.04 
 One-108 180-236 15 10.4 24.1 0.871 0.881 0.123 0.009
 One-109 124-180 12 10.3 23.8 0.857 0.88 0.62 0.023
 One-114 192-292 26 18.6 39.4 0.919 0.94 0.173 0.02 
KK OtsG253b 130-162 8 7.1 13.9 0.76 0.807 0.481 0.053
 One-111 198-310 19 9.1 17.9 0.92 0.86 0.248 -0.076
 OMM-1082 234-274 11 9.8 19.3 0.857 0.874 0.784 0.014
 One-108 176-240 15 13.2 23.7 0.864 0.912 0.08 0.048
 One-109 120-176 14 10.2 19.4 0.756 0.879 0.623 0.137
 One-114 188-288 24 17.2 29.1 0.933 0.936 0.052 -0.003
KKa OtsG253b 130-166 10 7.8 16 0.737 0.829 0.583 0.108
 One-111 198-306 22 12.3 24.4 0.875 0.903 0.204 0.027
 OMM-1082 202-278 14 10.9 21.8 0.87 0.888 0.989 0.016
 One-108 184-240 14 13.8 25.9 0.941 0.916 0.331 -0.033
 One-109 124-184 13 9.8 19.4 0.765 0.873 0.0009*** 0.12 
 One-114 184-288 24 23.5 37.6 0.941 0.955 0.857 0.009
KO OtsG253b 118-162 11 7.7 16.9 0.747 0.824 0.149 0.091
 One-111 194-318 27 12 26 0.875 0.9 0.335 0.025
 OMM-1082 202-294 20 12 26.2 0.836 0.901 0.076 0.069
 One-108 180-236 15 13.1 29.9 0.852 0.91 0.221 0.061
 One-109 124-176 14 11.1 25.3 0.855 0.89 0.129 0.036
 One-114 200-316 28 22.9 46.1 0.852 0.952 0*** 0.103
KP OtsG253b 122-162 10 7.6 17.3 0.77 0.822 0.558 0.06 
 One-111 198-298 18 12.7 29.1 0.885 0.907 0.0175* 0.021
 OMM-1082 202-302 15 8.5 19.7 0.805 0.846 0.766 0.047
 One-108 192-232 11 8.6 20.1 0.87 0.848 0.384 -0.029
 One-109 124-180 15 10.8 25.5 0.815 0.887 0.338 0.078
 One-114 196-296 25 22.9 46.9 0.88 0.952 0*** 0.073
KPh OtsG253b 130-162 9 6.2 11.9 0.837 0.769 0.158 -0.094
 One-111 186-306 26 22.2 36.1 0.96 0.952 0.809 -0.014
 OMM-1082 210-282 17 10.3 20.3 0.82 0.881 0.244 0.065
 One-108 188-228 11 11.5 22.4 0.961 0.896 0.47 -0.079
 One-109 124-168 10 10.7 21 0.922 0.885 0.296 -0.046
 One-114 188-288 24 22.4 36.5 0.922 0.952 0.731 0.028
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Table 3. Estimates of pairwise genetic differentiation indices Fst (above the line) 
and Rst (below the line) over all microsatellite loci (above the diagonal) and Fst over 
all SNP loci (below the diagonal) 

 
Sample KB KK KKa KO KP KPh 

KB - 0.0194 
0.0067 

0.0158 
0.0298 

0.0061 
-0.0011 

0.0179 
0.0165 

0.0168 
0.0157 

KK 0.0648 - 0.0015 
0.0074 

0.0171 
0.0140 

0.0243 
0.0341 

0.0124 
0.0023 

KKa 0.0611 0.0875 - 0.0147 
0.0290 

0.028 
0.0512 

0.0115 
0.0027 

KO 0.0289 0.0578 0.0838 - 0.0132 
0.0008 

0.0178 
0.0169 

KP 0.1640 0.1755 0.2024 0.1270 - 0.0269 
0.0410 

KPh 0.0811 0.0871 0.1416 0.0787 0.1390 - 

 
 
Table 4. Genetic differentiation indices in sockeye salmon at different levels of 

population hierarchy inferred from STR and SNP loci 
 

Index 

STR loci 
(No. of different alleles method / 
Sum of squared size difference 

method) 

SNP 

Differentiation level (proportion of variance, %): 

Among populations (Fst(/Rst), 
%) 

1.67/1.84 10.64 

Within populations 98.33/98.16 89.36 
Differentiation level with subdivision into regions of origin (proportion of 

variance, %): 
Between  regions 0.95/2.32 0.07 
Among populations within 
regions 1.12/0.52 10.60 

Within populations 97.92/97.16 89.33 
Fst(/Rst) 0.021/0.028 0.107 
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Table 5. Population assignment test for sockeye salmon form Eastern and 
Western Kamchatka 
 

Proportion of accurate assignments, % 
Region Locality analysis of STR

polymorphism 
analysis of SNP 
polymorphism

pooled SNP and
STR data 

Ozernaya River 70.3 72.6 94.2 
Bol’shaya River 63.4 78.0 91.6 Western 

Kamchatka Palana River 77.1 95.4 98.8 
Kamchatka 
River (late run) 76.5 84.2 93.8 

Kamchatka 
River (early run) 75.9 91.4 98.2 

Eastern 
Kamchatka 

Pakhacha River 84.6 96.6 96.0 
On average 74.6 86.4 95.4 

 
 
Table 6. Indices of genetic diversity in sockeye salmon populations inferred 

from analysis of 38 nuclear SNP loci. 
 

Sample Ho(s.d.) He(s.d.) na(s.d.) a.r. 
KPh 0.267(0.168) 0.280(0.174) 1.98(0.16) 1.97 
KK 0.255(0.163) 0.254(0.186) 1.87(0.34) 1.87 
Kka 0.299(0.170) 0.255(0.185) 1.87(0.34) 1.86 
KP 0.292(0.149) 0.249(0.184) 1.83(0.39) 1.82 
KB 0.257(0.152) 0.261(0.177) 1.92(0.27) 1.91 
KO 0.275(0.185) 0.259(0.182) 1.95(0.23) 1.95 
Bottom note: Но – observed heterozygosity, Не - expected heterozygosity, s.d. – 
standard deviation, na – mean allelic number per locus; a.r. – Allelic richness 
(minimum sample size n = 56). 
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Figure 1. Schematic map of sampling location. 1—Ozernaya River; 2—

Bol’shaya River; 3—Palana River; 4—Kamchatka River, mouth; 5—Kamchatka 
River, Azabach’e Lake; 6—Pakhacha River. 
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Figure 2. NJ-dendrogram built using δμ2 distances, based on the analysis of 

microsatellite loci polymorphism (in the nodes are the bootstrap support indices, 1000 
iterations). 
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Figure 3. NJ-dendrogram constructed using chord distances, based on the 

analysis of SNP loci polymorphism. 
 

17 



   
NPAFC  
Doc.1520 
Rev. ___  

 
 

 
 

Bibliography of Publications on the Marine Ecology of Juvenile Pacific Salmon in North 
America, 2006-2014 

 
 

by 
 
 

Eric Hertz1 and Marc Trudel1,2 
 
 

1Department of Biology 
University of Victoria 

Victoria, British BC, Canada 
V8W 3N5 

 
 

2Fisheries and Oceans Canada 
Science Branch, Pacific Region 

Pacific Biological Station 
3190 Hammond Bay Road 

Nanaimo, BC, Canada 
V9T 6N7 

 
 

Submitted to the 
NORTH PACIFIC ANADROMOUS FISH COMMISSION 

 
by 
 

CANADA 
 

MARCH 2014 
 
 
 

THIS PAPER MAY BE CITED IN THE FOLLOWING MANNER: 
Hertz, E. and M. Trudel.  2014.  Bibliography of publications on the marine ecology of 
juvenile Pacific salmon in North America, 2006-2014.  NPAFC Doc. 1520.  147 pp. 
(Available at http://www.npafc.org). 

 



 

Keywords: Juvenile Pacific Salmon; Migration; Survival Mechanisms North America 

 

Abstract: 

In this document, we provide a compiliation of primary publications in peer-reviewed 
journals, as well as applicable NPAFC publications (Bulletin and Documents) that have been 
published on juvenile Pacific salmon (Oncorhynchus spp.) by North American scientists since 
2006. This compilation formed the basis of an overview on recent progress in understanding the 
marine ecology of juvenile salmon in North America that was presented at the “Third 
International Workshop on Migration and Survival Mechanisms of Juvenile Salmon and 
Steelhead in Ocean Ecosystems” in Honolulu. 

 

Introduction: 

 The marine ecology of juvenile Pacific salmon (Oncorhynchus spp.) is of the utmost 
importance to the persistence of salmon stocks. For many Pacific salmon stocks, the mortality 
rates in the first year of ocean life are a good predictor of year-class strength. Thus, determining 
the ecological factors that affect mortality during this time is significant for understanding 
variation in recruitment.  

In Trudel and Hertz (2013), we reviewed recent progress in understanding the marine 
ecology of juvenile salmon in North America since the “Second NPAFC International Workshop 
on Factors Affecting Production of Juvenile Salmon” held in Sapporo, Japan, in 2006. Here, we 
provide an updated bibliography of material that has been published up to April 1, 2014. This 
compilation was requested by many participants at the workshop and includes primary 
publications in peer-reviewed journals, as well as applicable NPAFC publications (Bulletin and 
Documents). From primary publications, we did not include review papers, or comments and 
responses. Similarly, we excluded papers that only considered methodological topics (e.g effects 
of acoustic tags). For NPAFC publications, we did not include extended abstracts, or papers not 
reporting new results pertaining to the marine ecology of juvenile salmon. We thank the many 
authors who provided information for this bibliography.  
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Figure 1: Number of peer-reviewed journal articles (grey bars) and NPAFC publications (red bars) published 
between 2006 and January 2014 pertaining to the marine ecology of juvenile Pacific salmon in North America. 

References: 

Trudel, M. & Hertz, E. (2013). Recent Advances in Marine Juvenile Pacific Salmon Research in  
North America. North Pacific Anadromous Fish Commission Technical Report, 9, 11-20.  
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Agler, B. A., Ruggerone, G. T., Wilson, L. I., & Mueter, F. J. (2013). Historical growth of  
Bristol Bay and Yukon River, Alaska chum salmon (Oncorhynchus keta) in relation 
to climate and inter- and intraspecific competition. Deep Sea Research Part II: 
Topical Studies in Oceanography, 94, 165–177. doi:10.1016/j.dsr2.2013.03.028 
We examined Bristol Bay and Yukon River adult chum salmon scales to determine 
whether climate variability, such as changes in sea surface temperature and climate 
indices, and high pink and Asian chum salmon abundance reduced chum salmon growth. 
Annual marine growth increments for 1965–2006 were estimated from scale growth 
measurements and were modeled as a function of potential explanatory variables using a 
generalized least squares regression approach. First-year growth of salmon originating 
from Bristol Bay and the Yukon River showed increased growth in association with 
higher regional ocean temperatures and was negatively affected by wind mixing and ice 
cover. Third-year growth was lower when Asian chum salmon were more abundant. 
Contrary to our hypothesis, warmer large-scale sea surface temperatures in the Gulf of 
Alaska were also associated with reduced third-year growth. Negative effects of high 
abundances of Russian pink salmon on third-year growth provided some evidence for 
interspecific interactions, but the effects were smaller than the effects of Asian chum 
salmon abundance and Gulf of Alaska sea surface temperature. Although the relative 
effects of Asian chum salmon and sea surface temperature on the growth of Yukon and 
Bristol Bay chum salmon were difficult to untangle, we found consistent evidence that 
high abundances of Asian chum salmon contributed to a reduction in the growth of 
western Alaska chum salmon. 
 

Andrews, A. G., Farley Jr, E. V., Moss, J. H., Murphy, J. M., & Husoe, E. F. (2009). Energy 
density and length of juvenile pink salmon Oncorhynchus gorbuscha in the eastern 
Bering Sea from 2004 to 2007: a period of relatively warm and cool sea surface 
temperatures. North Pacific Anadromous Fish Commission Bulletin, 5, 183–189. 
Juvenile pink salmon (Oncorhynchus gorbuscha) were examined in the eastern Bering 
Sea from 2004 to 2007 to assess the influence of ocean temperature on whole body 
energy content (WBEC), length, and diet. Fish were collected during the United States 
Bering-Aleutian Salmon International Study (U.S. BASIS) surveys in the eastern Bering 
Sea. Warmer spring and summer sea surface temperatures prevailed from 2004 to 2005 
on the eastern Bering Sea shelf, whereas cooler spring and summer sea surface 
temperatures occurred from 2006 to 2007.Juvenile pink salmon changed diet between the 
warm and cool years. Walleye pollock Theragra chalcogramma dominated the diet (> 
50% wet mass) in warm years, while walleye pollock were nearly absent from the diet in 
cool years. Juvenile pink salmon lengths were significantly longer in warm years but 
WBEC was significantly lower. We interpret our results to indicate that length is not 
always a reliable measure of energy status 

 
Araujo, A.H., Holt, C., Curtis, J. M. R., Perry, R. I., Irvine, J. R., & Michielsens, C. G. J. 

(2013). Building an ecosystem model using mismatched and fragmented data: A 
probabilistic network of early marine survival for coho salmon Oncorhynchus 
kisutch in the Strait of Georgia. Progress in Oceanography, 115, 41–52. 
doi:10.1016/j.pocean.2013.05.022 
We evaluated the effects of biophysical conditions and hatchery production on the early 
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marine survival of coho salmon Oncorhynchus kisutch in the Strait of Georgia, British 
Columbia, Canada. Due to a paucity of balanced multivariate ecosystem data, we 
developed a probabilistic network that integrated physical and ecological data and 
information from literature, expert opinion, oceanographic models, and in situ 
observations. This approach allowed us to evaluate alternate hypotheses about drivers of 
early marine survival while accounting for uncertainties in relationships among variables. 
Probabilistic networks allow users to explore multiple environmental settings and 
evaluate the consequences of management decisions under current and projected future 
states. We found that the zooplankton biomass anomaly, calanoid copepod biomass, and 
herring biomass were the best indicators of early marine survival. It also appears that 
concentrating hatchery supplementation during periods of negative PDO and ENSO 
(Pacific Decadal and El Niño Southern Oscillation respectively), indicative of generally 
favorable ocean conditions for salmon, tends to increase survival of hatchery coho 
salmon while minimizing negative impacts on the survival of wild juveniles. Scientists 
and managers can benefit from the approach presented here by exploring multiple 
scenarios, providing a basis for open and repeatable ecosystem-based risk assessments 
when data are limited. 
 

Armstrong, J. L., Myers, K. W., Beauchamp, D. A., Davis, N. D., Walker, R. V., Boldt, J. 
L., Piccolo, J. J., Haldorson, L. J., & Moss, J. H. (2008). Interannual and spatial 
feeding patterns of hatchery and wild juvenile pink salmon in the Gulf of Alaska in 
years of low and high survival. Transactions of the American Fisheries Society, 
137(5), 1299–1316. doi:10.1577/T07-196.1 
To improve understanding of the mechanisms affecting growth and survival, we 
evaluated the summer diets and feeding patterns (prey composition, energy density, and 
stomach fullness) of hatchery and wild juvenile pink salmon Oncorhynchus gorbuscha in 
Prince William Sound (PWS) and the northern coastal Gulf of Alaska (CGOA). Our 

study (1999-2004) included 2 years of low (∼3%), mid (∼5%), and high (∼8-9%) 

survival of PWS hatchery pink salmon. Because variations in diet should affect growth 
and ultimately survival, we expected that the variations in diet, growth, and survival 
would be correlated. During August in the CGOA, pteropod-dominated diets and higher 
gut fullness corresponded to high survival (5-9%), and copepod-dominated diets and 
lower gut fullness corresponded to low survival (3%). Within years, no significant 
differences were found in diet composition or gut fullness between hatchery and wild fish 
or among the four PWS hatchery stocks. Diets varied by water mass (habitat) as juveniles 
moved from PWS to more saline habitats in the CGOA. In July, when juveniles were 
most abundant in PWS, their diets were dominated by pteropods and hyperiid amphipods. 
The diets of fish that moved to inner-shelf (i.e., the least-saline) habitat in the CGOA in 
July were dominated by larvaceans in low-survival years and pteropods in high-survival 
years. Diet quality was higher in CGOA habitats than in PWS in July. In August, fish 
moved to the more productive, more saline water masses in the CGOA, where large 
copepods and pteropods were dominant prey and diet quality was better than in PWS. 
Our results indicate that spatial variation in the diets of juvenile pink salmon in July and 
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the timing of migration to the CGOA play a critical role in marine growth and survival. 
 

Ashander, J., Krkosek, M., & Lewis, M. (2012). Aquaculture-induced changes to dynamics 
of a migratory host and specialist parasite: a case study of pink salmon and sea lice. 
Theoretical Ecology, 5, 231–252. 
Exchange of diseases between domesticated and wild animals is a rising concern for 
conservation. In the ocean, many species display life histories that separate juveniles 
from adults. For pink salmon (Oncorhynchus gorbuscha) and parasitic sea lice 
(Lepeophtheirus salmonis), infection of juvenile salmon in early marine life occurs near 
salmon sea-cage aquaculture sites and is associated with declining abundance of wild 
salmon. Here, we develop a theoretical model for the pink salmon/sea lice host–parasite 
system and use it to explore the effects of aquaculture hosts, acting as reservoirs, on 
dynamics. Because pink salmon have a 2-year lifespan, even- and odd-year lineages 
breed in alternate years in a given river. These lineages can have consistently different 
relative abundances, a phenomenon termed “line dominance”. These dominance 
relationships between host lineages serve as a useful probe for the dynamical effects of 
introducing aquaculture hosts into this host–parasite system. We demonstrate how 
parasite spillover (farm-to-wild transfer) and spill-back (wild-to-farm transfer) with 
aquaculture hosts can either increase or decrease the line dominance in an affected wild 
population. The direction of the effect depends on the response of farms to wild-origin 
infection. If aquaculture parasites are managed to a constant abundance, independent of 
the intensity of infections from wild to farm, then line dominance increases. On the other 
hand, if wild-origin parasites on aquaculture hosts are proportionally controlled to their 
abundance then line dominance decreases. 
 

Atcheson, M. E., Myers, K. W., Beauchamp, D. A., & Mantua, N. J. (2012). Bioenergetic 
response by steelhead to variation in diet, thermal habitat, and climate in the North 
Pacific Ocean. Transactions of the American Fisheries Society, 141(4), 1081–1096. 
doi:10.1080/00028487.2012.675914 
Energetic responses of steelhead Oncorhynchus mykiss to climate-driven changes in 
marine conditions are expected to affect the species’ ocean distribution, feeding, growth, 
and survival. With a unique 18-year data series (1991–2008) for steelhead sampled in the 
open ocean, we simulated interannual variation in prey consumption and growth 
efficiency of steelhead using a bioenergetics model to evaluate the temperature-
dependent growth response of steelhead to past climate events and to estimate growth 
potential of steelhead under future climate scenarios. Our results showed that annual 
ocean growth of steelhead is highly variable depending on prey quality, consumption 
rates, total consumption, and thermal experience. At optimal growing temperatures, 
steelhead can compensate for a low-energy diet by increasing consumption rates and 
consuming more prey, if available. Our findings suggest that steelhead have a narrow 
temperature window in which to achieve optimal growth, which is strongly influenced by 
climate-driven changes in ocean temperature.  

 
Atcheson, M. E., Myers, K. W., Davis, N. D., & Mantua, N. J. (2012). Potential 

trophodynamic and environmental drivers of steelhead (Oncorhynchus mykiss) 
productivity in the North Pacific Ocean. Fisheries Oceanography, 21(5), 321–335. 
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doi:10.1111/j.1365-2419.2012.00627.x 
Information on prey availability, diets, and trophic levels of fish predators and their prey 
provides a link between physical and biological changes in the ecosystem and subsequent 
productivity (growth and survival) of fish populations. In this study two long-term data 
sets on summer diets of steelhead (Oncorhynchus mykiss) in international waters of the 
central North Pacific Ocean (CNP; 1991–2009) and Gulf of Alaska (GOA; 1993–2002) 
were evaluated to identify potential drivers of steelhead productivity in the North Pacific. 
Stable isotopes of steelhead muscle tissue were assessed to corroborate the results of 
stomach content analysis. We found the composition of steelhead diets varied by ocean 
age group, region, and year. In both the GOA and CNP, gonatid squid (Berryteuthis 
anonychus) were the most influential component of steelhead diets, leading to higher 
prey energy densities and stomach fullness. Stomach contents during an exceptionally 
warm year in the GOA and CNP (1997) were characterized by high diversity of prey with 
low energy density, few squid, and a large amount of potentially toxic debris (e.g., 
plastic). Indicators of good diets (high proportions of squid and high prey energy density) 
were negatively correlated with abundance of wild populations of eastern Kamchatka 
pink salmon (O. gorbuscha) in the CNP. In conclusion, interannual variations in climate, 
abundance of squid, and density-dependent interactions with highly-abundant stocks of 
pink salmon were identified as potential key drivers of steelhead productivity in these 
ecosystems. Additional research in genetic stock identification is needed to link these 
potential drivers of productivity to individual populations. 
 

Baldwin, R. E., Miller, T. W., Brodeur, R. D., & Jacobson, K. C. (2008). Expanding the 
foraging history of juvenile Pacific salmon: combining stomach-content and 
macroparasite- community analyses for studying marine diets. Journal of Fish 
Biology, 72(6), 1268–1294. doi:10.1111/j.1095-8649.2007.01792.x 
Stomach contents and macroparasites were examined from the same fishes collected off 
Oregon and California in June and August of 2000 and 2002 to provide a more 
comprehensive description of the diet of juvenile Chinook salmon Oncorhynchus 
tshawytscha and coho salmon Oncorhynchus kisutch during their first few months at sea. 
Temporal and spatial similarities of the two data sets were assessed using multivariate 
analyses. Both stomach contents and macroparasite communities indicated that fishes, 
euphausiids and hyperiid amphipods were consumed by both salmonid species, although 
their relative contribution to each species diet was highly variable. In June, the greater 
abundances of parasite species in Chinook salmon compared to coho salmon suggested 
that Chinook salmon consumed more infected intermediate hosts (crustaceans or larval 
fishes) shortly after ocean entry (April and May). Although the macroparasite analysis 
lacked the specificity of stomach analysis in identifying prey, macroparasites can provide 
a longer term history of feeding and diet information for fishes with empty stomachs. 
 

Balfry, S., Welch, D. W., Atkinson, J., Lill, A., & Vincent, S. (2011). The effect of hatchery 
release strategy on marine migratory behaviour and apparent survival of Seymour 
River steelhead smolts (Oncorhynchus mykiss). PLoS ONE, 6(3), e14779. 
doi:10.1371/journal.pone.0014779 
Early marine migratory behaviour and apparent survival of hatchery-reared Seymour 
River steelhead (Oncorhynchus mykiss) smolts was examined over a four year period 
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(2006–2009) to assess the impact of various management strategies on improving early 
marine survival. Acoustically tagged smolts were released to measure their survival using 
estuary and coastal marine receivers forming components of the Pacific Ocean Shelf 
Tracking (POST) array. Early marine survival was statistically indistinguishable between 
releases of summer run and winter run steelhead races, night and day releases, and groups 
released 10 days apart. In 2009, the survival of summer run steelhead released into the 
river was again trialed against groups released directly into the ocean at a distance from 
the river mouth. Apparent survival was improved significantly for the ocean released 
groups. The health and physiological status of the various release groups were monitored 
in years 2007–2009, and results indicate that the fish were in good health, with no clinical 
signs of disease at the time of release. The possibility of a disease event contributing to 
early marine mortality was further examined in 2009 by vaccinating half of the released 
fish against common fish diseases (vibriosis, furunculosis). The results suggest that 
marine survival may be enhanced using this approach, although not to the extent 
observed when the smolts were transported away from the river mouth before release. In 
summary, direct experimental testing of different release strategies using the POST array 
to measure ocean survival accelerated the scientific process by allowing rapid collection 
of data which enabled the rejection of several existing theories and allowed tentative 
identification of several new alternative approaches that might improve early marine 
survival of Seymour River steelhead. 
 

Beacham, T. D., Candy, J. R., Sato, S., Urawa, S., Le, K. D., & Wetklo, M. (2009). Stock 
origins of chum salmon (Oncorhynchus keta) in the Gulf of Alaska during winter as 
estimated with microsatellites. North Pacific Anadromous Fish Commission Bulletin, 
5, 15–23. 
A microsatellite baseline incorporating over 53,000 chum salmon (Oncorhynchus keta) 
sampled from over 380 locations in Asia and North America was applied to estimate 
stock composition in mixed-stock fishery samples from the Gulf of Alaska. High 
resolution of these mixed-stock samples was possible, with 1 reporting group developed 
for Korean populations, 7 groups for Japanese populations, 8 groups for Russian 
populations,15 groups for Alaskan populations, 5 groups for Canadian Yukon River 
populations, 16 groups for British Columbia populations, and 5 groups for Washington 
populations. In February 2006 samples from the Gulf of Alaska (145°W), chum salmon 
in more northern areas (54°N) were primarily of North American origin (55% British 
Columbia, 30% Alaska), but in more southern areas (48°N), nearly 40% of chum salmon 
sampled were of Japanese origin (Sea of Okhotsk and Pacific coasts of Hokkaido), and 
30% were of Russian origin (Kamchatka and northeast Russia). Ocean age-1 chum 
salmon spending their first winter in the Gulf of Alaska were almost entirely from 
southeast Alaska (39%), Prince William Sound (31%), or southern British Columbia 
(26%). However, by the second winter, 30% of ocean age-2 chum salmon were identified 
as of Asian origin (18% Japanese, 12% Russian). 
 

Beacham, T. D., Candy, J. R., Tucker, S., Sato, S., Urawa, S., Moss, J. H., & Trudel, M.  
(2012). Nonrandom distribution of Canadian sockeye salmon rearing in the Bering 
Sea and coastal Gulf of Alaska. North Pacific Anadromous Fish Commission 
Document, 1403, 10 pp.  
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Individual identification of sockeye salmon (Oncorhynchus nerka) caught in coastal Gulf 
of Alaska and central Bering Sea sampling sites was estimated through an analysis of 
microsatellite variation. Variation at 14 microsatellites was analyzed for 2,255 juvenile 
sockeye salmon obtained from coastal surveys in the Gulf of Alaska, and 627 immature 
individuals from surveys in the Bering Sea. A 387-population baseline spanning Japan, 
Russia, Alaska, Canada, and Washington State was used to determine the individual 
identification of the fish sampled, with emphasis on Canadian-origin salmon. Not all 
Fraser River stocks displayed the same trends in relative abundance with respect to 
coastal Gulf of Alaska sampling groups, perhaps indicative of differential initial rearing 
environments. Immature sockeye salmon from some Canadian stocks rear in the Bering 
Sea at levels that are not commensurate with subsequent abundance as measured by 
escapement, indicative of a nonrandom distribution of rearing areas by stock. Immature 
Harrison River sockeye salmon from the lower Fraser River have only been identified in 
samples originating from waters in British Columbia. The marine rearing areas 
subsequent to the first year of marine residence are unknown for this population. 

 
Beamish, R. J., Gordon, E., Neville, C.-E., & Sweeting, R. (2006). Evidence of a linkage  

between fall-winter ocean conditions and the critical size hypothesis for a study of 
pink salmon in the central coast area of British Columbia. North Pacific 
Anadromous Fish Commission Document, 982, 14 pp.  
Intercirculi spacing of scales from the even year line of pink salmon from stocks in areas 
of the central coast of British Columbia was measured for the 2003/2004 and 2005/2006 
brood years. All juvenile pink salmon in the 2003 sample had five circuli by the end of 
June. The average spacing of the first five circuli of juveniles in 2003 was larger than the 
spacing of the first five circuli on the scales of the adults from the same brood year that 
returned to spawn in 2004. In 2006, the spacing observed on the scales of returning adult 
pink salmon from the same line (even year) was significantly larger than the spacing 
observed on scales of juveniles in 2005. The marine survival was exceptionally high in 
2003/2004 and lower in 2005/2006. We propose that there was not a critical size effect in 
2003/2004 because the feeding and ocean conditions were favourable for juvenile pink 
salmon after they left the coastal area in 2003. The ocean conditions probably were less 
favourable for growth and survival in 2005/2006, resulting in large mortalities of the 
smaller pink salmon consistent with the critical size-critical period hypothesis. The 
timing of the size-based mortality is not known except that significant mortality of the 
smaller pink salmon occurred after June, 2005. 

 
Beamish, R. J., Lange, K. L., Neville, C.-E., Sweeting, R. M., & Beacham, T. D. (2011).  

Structural patterns in the distribution of ocean- and stream-type juvenile chinook 
salmon populations in the Strait of Georgia in 2010 during the critical early marine 
period. North Pacific Anadromous Fish Commission Document, 1354, 27 pp.  
There is increasing evidence that brood year strength of chinook salmon is mostly 
determined in the first few months in the ocean, particularly in a stressful environment. 
During this period in the Strait of Georgia, some chinook salmon populations have a 
distinct and persistent behaviour that relates to ocean entry times or concentrates their 
distributions in areas or at particular depths. Populations with both ocean- and stream-
type life histories remain within the Strait of Georgia for three to four months, depending 

8 
 



on their ocean entry times. These distinct and persistent behaviours during the critical 
early marine period indicate that conditions in the Strait of Georgia have a major impact 
on the productivity of the various populations. Populations of both stream- and ocean-
type fish remained in the Strait of Georgia through to mid September, indicating that 
conditions within the Strait of Georgia would have a major impact on growth and 
survival. The major structural change in the population composition between July and 
September and the observation that the late ocean entry populations have a higher 
productivity than populations with an earlier ocean entry is evidence that recent changes 
in the environment of the Strait of Georgia are affecting the combined productivity of all 
populations. Other studies have shown that the environment within the Strait of Georgia 
has been changing and the changes appear to be long-term trends. Thus, it is advisable 
that the management of chinook salmon recognize the differences among populations 
within the early marine period as these differences may explain the reason for poor or 
good survival. Populations with good survival have the resilience needed to adapt to 
future environmental changes in the Strait of Georgia. 

 
Beamish, R. J., Lange, K. L., Neville, C.-E., Sweeting, R., Beacham, T. D., & Preikshot, D.  

(2010). Late ocean entry of sea-type sockeye salmon from the Harrison River in the 
Fraser River drainage results in improved productivity. North Pacific Anadromous 
Fish Commission Document, 1283, 30 pp.  
The productivity of sockeye salmon from the Fraser River declined from the early 1990s 
to 2009. However, the productivity of sea-type sockeye salmon from the Harrison River 
increased. Sockeye salmon with a sea-type life history enter the ocean after emerging 
from the gravel without rearing for a year in a lake. Sea-type sockeye salmon are rare in 
the Fraser River, representing only about one percent of the average production. 
However, in the most recent five years they represented an average of 9%. They enter the 
Strait of Georgia about six weeks later than the lake-type sockeye salmon and remain in 
the Strait of Georgia for three to four months during which they more than double their 
size. There is evidence that competition from juvenile pink salmon affects their age at 
return which may indicate that growth rates in the early marine period are associated with 
age at return. The condition of the juvenile sea-type Harrison River fish in September, 
compared to the condition of all other juvenile sockeye salmon in July, indicates that the 
improved survival is a result of better feeding conditions later in the summer in the Strait 
of Georgia. Harrison River sockeye salmon probably leave the Strait of Georgia through 
Juan de Fuca Strait in the south, compared to the lake-type that migrate north out of the 
Strait of Georgia through Johnstone Strait. The increased production of the sea-type life 
history is evidence of the importance of managing the diversity of life history strategies 
within sockeye salmon populations to maximize their survival in a changing climate. 

 
Beamish, R. J., Jones, S., Neville, C.-E., Sweeting, R., Karreman, G., Saksida, S., & 

Gordon, E. (2006). Exceptional marine survival of pink salmon that entered the 
marine environment in 2003 suggests that farmed Atlantic salmon and Pacific 
salmon can coexist successfully in a marine ecosystem on the Pacific coast of 
Canada. ICES Journal of Marine Science: Journal du Conseil, 63(7), 1326–1337. 
doi:10.1016/j.icesjms.2006.04.011 
Juvenile pink salmon that entered a marine ecosystem along the eastern margin of Queen 
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Charlotte Strait in 2003 and returned as adults in 2004 had very high marine survival. The 
early seaward migration and midsummer rearing in 2003 were in an area containing 16 
active Atlantic salmon farms. Two species of sea louse, Lepeophtheirus salmonis and 
Caligus clemensi, were commonly found on farmed salmon and juvenile Pacific salmon 
during the early rearing period of the pink salmon. Mobile L. salmonis and C. clemensi 
were most abundant on farmed Atlantic salmon from February to May and on pink 
salmon in June. Chalimus stages were the dominant stages on pink salmon to the end of 
May. Mobile stages of C. clemensi were the dominant stages and species of sea louse on 
farmed Atlantic salmon and pink salmon at about the same time in June. DNA studies 
showed that local juvenile pink salmon were in the area until August. The exceptional 
returns of the brood year suggest that pink salmon populations and farmed Atlantic 
salmon coexisted successfully during 2003 within an environment that included sea lice 
and farmed Atlantic salmon. The processes responsible for the high marine survival 
cannot be identified with certainty, but they could include increased freshwater discharge 
in 2003, which may have resulted in lower salinity less favourable to sea louse 
production, increased inflow of nutrient-rich water to the study area, and the introduction 
of a Provincial Action Plan that required mandatory louse monitoring and established a 
fallowed migration corridor for pink salmon. 
 

Beamish, R. J., Neville, C.-E., & Sweeting, R. M. (2012). An early marine life history  
strategy for Fraser River sockeye salmon. North Pacific Anadromous Fish 
Commission Document, 1423, 23 pp.  
The Fraser River is one of the major producers of sockeye salmon. Most of the 
populations have fry that spend one year in a lake before migra ting to the ocean. A small 
percentage spends two years in a lake, and a small percentage are sea type and migrate 
directly into the ocean in the year that they emerge from the gravel. Most smolts from the 
lake-type populations migrate into the Strait of Georgia in early May and by the end of 
June they are spread out from the Gulf Islands area in the Strait of Georgia to at least 
Hecate Strait, a linear distance of about 1,000 km. Most sea-type juveniles enter the Strait 
of Georgia in July and remain until about November. Although the sea-type population 
was only about 1.2 % of the production in the since 1952, it has been 5.0% in the last six 
years. We propose that sockeye salmon smolts from the Fraser River migrate and 
disperse over a vast area of the ocean in the critical early marine period, as well as using 
the Strait of Georgia over an extended period, to ensure that some juveniles always find 
favourable ocean conditions and abundant prey. This means that juvenile sockeye salmon 
from the Fraser River are spread out in time and space in the early marine period. It is 
important to recognize that there is an early marine life history strategy for Fraser River 
sockeye salmon and that the strategy is an adaptation to optimize the survival of the 
aggregate of populations over a period of hundreds to thousands of years of changing 
climate and ocean conditions. 

 
Beamish, R. J., Neville, C. M., Sweeting, R. M., Jones, S. R. M., Ambers, N., Gordon, E. K., 

Hunter, K. L., & McDonald, T. E. (2007). A proposed life history strategy for the 
salmon louse, Lepeophtheirus salmonis in the subarctic Pacific. Aquaculture, 264(1–
4), 428–440. doi:10.1016/j.aquaculture.2006.12.039 
The sea louse, Lepeophtheirus salmonis, is commonly found on Pacific salmon that are 
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rearing in the central North Pacific Ocean and adjacent seas (subarctic Pacific). Large 
numbers of sea lice have also been observed on all species of adult Pacific salmon when 
they return to coastal marine areas in the summer during their spawning migration. We 
propose that the transport of sea lice into coastal areas is a strategy employed by L. 
salmonis to improve their productivity by improving the transmission potential of the 
infectious stage when host densities are decreased in the open ocean and increased in the 
coastal areas. Juveniles of the species of Pacific salmon inhabit the same areas at the 
same time as the returning adult salmon and, according to the proposed strategy, will 
become infected from sea lice on the adult Pacific salmon. Juvenile pink, chum and 
sockeye salmon will carry these sea lice into the open ocean when they migrate away 
from the coastal areas later in the year. The offspring of these sea lice on pink, chum and 
sockeye would infect Pacific salmon on the high seas and thus maintain high abundances 
of sea lice. Juvenile coho and Chinook salmon that remain in the coastal areas would 
serve as hosts for the sea lice over the winter. The sea lice on these resident coho and 
Chinook salmon would infect juvenile Pacific salmon that enter the ocean in the early 
spring. The strategy would result in the infection of juvenile Pacific salmon throughout 
their range in all coastal areas. 
 

Beamish, R. J., Neville, C., Sweeting, R., & Lange, K. (2012). The synchronous failure of 
juvenile Pacific salmon and herring production in the Strait of Georgia in 2007 and 
the poor return of sockeye salmon to the Fraser River in 2009. Marine and Coastal 
Fisheries, 4(1), 403–414. doi:10.1080/19425120.2012.676607 
Trawl studies from 1998 to 2009 indicated that juvenile Pacific salmon Oncorhynchus 
spp. and Pacific herring Clupea pallasii represented 98% of the fish in the surface waters 
of the Strait of Georgia during the day in the spring and early summer. Standardized 
catches of all juvenile Pacific salmon in the trawl surveys were lowest in 2007. Catches 
of young-of-the-year Pacific herring were also extremely low in 2007. Three years later, 
the 2007 year-class had the lowest recruitment to the fishery in recorded history. In 2007, 
juvenile coho salmon O. kisutch and Chinook salmon O. tshawytscha were small and had 
the lowest condition of the fish in all surveys as well as a high percentage of empty 
stomachs. The early marine survival of coho salmon in 2007 and the total survival in 
2008 were exceptionally poor. Trawl catches of juvenile chum salmon O. keta in 2007 
were the lowest of all surveys. Adult chum salmon from these juveniles that returned in 
2010 had extremely poor survival. Juvenile sockeye salmon O. nerka that entered the 
Strait of Georgia in the spring of 2007 and returned to the Fraser River as adults in 2009 
also had such exceptionally poor marine survival that a judicial inquiry was conducted to 
determine the causes. The synchronous poor growth, survival, or both of all of the major 
species in the surface waters of the Strait of Georgia in the spring of 2007 indicated that 
there was a common cause which we propose as poor food production. The causes of the 
high mortality likely represented a unique extreme in the variability of the factors that 
normally affect the survival of juvenile Pacific salmon and Pacific herring in the early 
marine period in the Strait of Georgia.  
 

Beamish, R. J., & Sweeting, R. (2012). Exceptionally poor survival of Chinook salmon  
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entering the Strait of Georgia in 2007 is consistent with the synchronous poor 
survival of other Pacific salmon and Pacific herring. North Pacific Anadromous Fish 
Commission Document, 1424, 15 pp.  
Indices of marine survival of eight populations of Chinook salmon entering the Strait of 
Georgia identified the ocean entry year 2007 as a year of generally poor survival. Marine 
survival was exceptionally low for the Harrison River population which is the largest 
Chinook salmon population in British Columbia. The low survival is consistent with the 
poor survival and poor growth of the other species of Pacific salmon and juvenile Pacific 
herring that reared in the Strait of Georgia in the spring of 2007. 

 
Beamish, R. J., Sweeting, R., Beacham, T. D., Lange, K. L., & Neville, C. M. (2010). A late  

ocean entry life history strategy improves the marine survival of chinook salmon in 
the Strait of Georgia. North Pacific Anadromous Fish Commission Document, 1282, 
14 pp.  
The productivity of juvenile chinook salmon that enter the Strait of Georgia has generally 
declined over the past two decades. One aggregate of 15 populations from the South 
Thompson drainage of the Fraser River drainage, however, has increased. The increased 
productivity appears to be related to a life history strategy that results in juveniles 
entering the ocean in July, much later than most other chinook salmon populations. 
Juveniles from the South Thompson drainage are generally not common in the Strait of 
Georgia early in July, but they are abundant in September. They appear to leave the Strait 
of Georgia by November, probably through Juan de Fuca Strait. Late ocean entry, sea-
type, Harrison River sockeye salmon are also surviving better in recent years than the 
majority of sockeye salmon that are entering the ocean earlier. Because pink and chum 
salmon that enter the ocean early are at high levels of abundance, it is possible that very 
early and very late ocean entry times are life history strategies that match the current state 
of the Strait of Georgia ecosystem. 

 
Beamish, R. J., Sweeting, R. M., Lange, K. L., & Neville, C. M. (2008). Changes in the 

population ecology of hatchery and wild coho calmon in the Strait of Georgia. 
Transactions of the American Fisheries Society, 137(2), 503–520. doi:10.1577/T07-
080.1 
An analysis of the results of a 10-year study of the population ecology of juvenile 
hatchery and wild coho salmon Oncorhynchus kisutch in the Strait of Georgia produced 
new information about the interannual and interseasonal fluctuations in abundance and 
marine survival. A decline in the percentage of hatchery coho salmon was related to 
declines in hatchery fish abundance and marine survival; wild coho salmon abundance 
was more stable. The declining marine survival of hatchery coho salmon appeared to be 
related to a fixed average date of release from hatcheries and a possibility of earlier prey 
production. The relatively stable abundance of wild coho salmon may relate to a natural 
trend toward earlier ocean entry dates. Oscillations in hatchery coho salmon percentage 
and abundance were related to oscillations in abundance of juvenile pink salmon O. 
gorbuscha. The impact of oscillating density affected marine survival of hatchery coho 
salmon more than that of wild coho salmon. Marine survival and abundance of hatchery 
and wild coho salmon in July were positively related to average fork length, indicating 
that growth within the first few months after ocean entry affected marine survival. 
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However, absolute size was not important, as wild coho salmon were consistently smaller 
than hatchery coho salmon. Wild coho salmon responded to conditions in the marine 
ecosystem differently than hatchery coho salmon, as relationships among growth, 
survival, and abundance were apparent for wild coho salmon earlier in the year than for 
hatchery fish. The length increase between July and September was inversely related to 
marine survival, suggesting that fish that were larger in July grew less and survived better 
because they were storing more lipids than smaller coho salmon. The study indicated that 
a more experimental management strategy is needed for both hatchery and wild coho 
salmon. 
 

Beamish, R. J., Sweeting, R. M., Lange, K. L., Noakes, D. J., Preikshot, D., & Neville, C. M. 
(2010). Early marine survival of coho salmon in the Strait of Georgia declines to 
very low levels. Marine and Coastal Fisheries, 2(1), 424–439. doi:10.1577/C09-040.1 
The marine survival of juvenile coho salmon Oncorhynchus kisutch from the time they 
enter the Strait of Georgia in mid-May to the time of our trawl survey in mid-September 
declined from an average of about 15% in 1998 to approximately 1% in 2007. Early 
marine survival rates for juvenile coho salmon have been consistently low (<5%) since 
2002, and the rate of decline in early marine survival was greater for hatchery fish than 
for wild fish. This suggests that hatchery coho salmon are perhaps less able to survive 
than wild fish in the current marine ecosystem. The steady decline in total marine 
survival for coho salmon over the past four decades coincided with a warming of the 
Strait of Georgia, where both sea surface and sea bottom temperatures have increased by 
approximately 1°C since 1970. Another factor that appears to have contributed to the 
decline in early marine survival since the late 1990s is an increase in the number of days 
with an average sustained wind strength greater than 25 km/h. The linkage between wind 
strength and marine survival requires further study, but wind strength is known to affect 
the timing and level of primary productivity. The processes that caused the declining 
marine survival remain to be identified and may include factors associated with disease 
originating in both freshwater and salt water, metabolic stress, competition, and 
predation. The data suggest that coho salmon brood year strength is now mostly 
determined during the first 4 months spent in the Strait of Georgia. If the current low 
levels of marine survival continue, management initiatives to protect wild coho salmon 
will be urgently required, and it will be timely to critically evaluate the hatchery 
programs and policies. 
 

Beamish, R. J., Sweeting, R., Neville, C. M., & Lange, K. L. (2006). Hatchery and wild  
percentages of coho salmon in the Strait of Georgia are related to shifts in species 
dominance. North Pacific Anadromous Fish Commission Document, 981, 21 pp.  
The Strait of Georgia is the major rearing area for juvenile Pacific salmon on the west 
coast of Canada. Historically, there have been major commercial and recreational 
fisheries for all five species of Pacific salmon in the strait. In recent years, fisheries for 
coho have collapsed. At the same time abundances of other species increased. Presently 
there may be three and a half times more juvenile Pacific salmon in the strait than in the 
past. Our studies of the hatchery percentages of wild and hatchery coho indicate that 
early food production for juvenile salmon may be shifting the Strait of Georgia to an 
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ecosystem that is more favourable for pink, chum and sockeye salmon and less 
favourable for coho and chinook salmon. 

 
Beamish, R., Sweeting, R., Neville, C. M., & Lange, K. L. (2010). Competitive interactions  

between pink salmon and other juvenile Pacific salmon in the Strait of Georgia. 
North Pacific Anadromous Fish Commission Document, 1284, 26 pp.  
Hundreds of millions of juvenile pink salmon enter the Strait of Georgia from the Fraser 
River in even-numbered years. In odd-numbered years, there are very few juvenile pink 
salmon. This alternating pattern of very large and very small abundance provides an 
excellent opportunity to study the competitive interactions between juvenile pink salmon 
and other juvenile Pacific salmon in the Stra it of Georgia. In July, juvenile sockeye 
salmon were consistently smaller and had a higher percentage of empty stomachs in years 
of large pink salmon abundance. Other species of Pacific salmon also had higher 
percentages of empty stomachs in some years when pink salmon were abundant. The 
early marine survival of juvenile coho salmon was lower in years of pink salmon 
abundance, but this occurred mostly for hatchery coho salmon and not wild coho salmon. 
An interpretation is that wild coho salmon survive better than hatc hery coho salmon in a 
stressful environment. There was a consistent response between juvenile pink salmon and 
the dominant line of juvenile sockeye salmon that was present in the Strait of Georgia 
every four years. Catches of pink salmon were more abundant in July in this four-year 
cycle, but less abundant in September. However, the daily rate of growth of juvenile pink 
salmon between July and September was greater in the years when the dominant line of 
sockeye salmon was abundant earlier in the year. An explanation may relate to juvenile 
migration patterns, but the explanation remains to be discovered. The catches in 2010 
were seven times higher than the average of all other surveys and the abundance estimate 
of 24 million juvenile pink salmon was five times the average abundance in all other 
surveys. This abundance may indicate that an exceptional return will occur in 2011. The 
large abundances of juvenile pink salmon and their interactions with other juvenile 
Pacific salmon in the Strait of Georgia indicates that the management of Pacific salmon 
returning to the Fraser River needs to extend beyond the stewardship of escapements and 
into the consequences of interactions among juveniles within the Strait of Georgia 
ecosystem. 

 
Beamish, R. J., Sweeting, R. M., Neville, C. M., Lange, K. L., Beacham, T. D., & Preikshot, 

D. (2012). Wild chinook salmon survive better than hatchery salmon in a period of 
poor production. Environmental Biology of Fishes, 94(1), 135–148. 
doi:10.1007/s10641-011-9783-5 
The population dynamics of chinook salmon (Oncorhynchus tshawytscha) from the 
Cowichan River on Vancouver Island, British Columbia, Canada are used by the Pacific 
Salmon Commission as an index of the general state of chinook salmon coast wide. In 
recent years the production declined to very low levels despite the use of a hatchery that 
was intended to increase production by improving the number of smolts entering the 
ocean. In 2008, we carried out an extensive study of the early marine survival of the 
hatchery and wild juvenile chinook salmon. We found that both rearing types mostly 
remained within the Gulf Islands study area during the period when most of the marine 
mortality occurred for the hatchery fish. By mid September, approximately 1.3% of all 
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hatchery fish survived, compared to 7.8%–31.5% for wild fish. This six to 24 times 
difference in survival could negate an estimated increased egg-to-smolt survival of about 
13% that is theorized to result through the use of a hatchery. Estimates of the early 
marine survival are approximate, but sufficient to show a dramatic difference in the 
response of the two rearing types to the marine nursery area. If the declining trend in 
production continues for both rearing types, modifications to the hatchery program are 
needed to improve survival or an emphasis on improving the abundances of wild stocks is 
necessary, or both. The discovery that the juvenile Cowichan River chinook salmon 
remain within a relatively confined area of the Gulf Islands within the Strait of Georgia 
offers an excellent opportunity to research the mechanisms that cause the early marine 
mortalities and hopefully contribute to a management that improves the production. 
 

 
Beamish, R., Wade, J., Pennell, W., Gordon, E., Jones, S., Neville, C., Lang, K., & 

Sweeting, R. (2009). A large, natural infection of sea lice on juvenile Pacific salmon 
in the Gulf Islands area of British Columbia, Canada. Aquaculture, 297(1–4), 31–37. 
doi:10.1016/j.aquaculture.2009.09.001 
High levels of sea lice generally exceeding a prevalence of 60% were found on all 
species of juvenile Pacific salmon and on juvenile Pacific herring in the Gulf Islands area 
within the Strait of Georgia, British Columbia. Virtually all sea lice were Caligus 
clemensi and most stages were maturing or mature. There are no active fish farms in this 
area, indicating that this is a naturally occurring epizootic of sea lice. It is possible that 
the infection was associated with Pacific herring that spawned in the area in the spring, 
although the linkage between the spawning Pacific herring and the infection on Pacific 
salmon was not determined. 
 

Beauchamp, D. A. (2009). Bioenergetic ontogeny: linking climate and mass-specific feeding 
to life-cycle growth and survival of salmon. American Fisheries Society Symposium, 
70, 1–19. 
Size-selective mortality is a dominant factor regulating the dynamics of salmon 
populations. Body size, growth rate, and energy state during one life stage influence 
survival during that and subsequent life stages. Therefore, simultaneously examining 
allometric processes, foraging, and thermal constraints on growth within and among life 
stages can provide a powerful analytical framework for identifying critical periods and 
sizes during the life cycle of salmon, and for understanding the processes that contribute 
to the specific ecological bottlenecks confronting different species or stocks of salmon. A 
bioenergetics model was used to simulate generalized growth responses to a factorial 
combination of body size, daily feeding rate, and prey energy density over a continuous 
range of temperatures (0–24 C). The results of these simulations indicated that: 1) smaller 
salmon benefit from higher potential scope for growth or activity than larger salmon, 
based on the different allometric relationships for maximum consumption, metabolism, 
and waste; 2) optimal temperatures for growth decline with increasing body size; 3) 
optimal temperatures for growth also decline as daily rations decline; 4) thermal 
tolerances (temperature thresholds beyond which weight loss will occur) also shift to 
cooler temperatures for larger salmon and when ration sizes decline; 5) increasing the 
composite energy density of the diet can increase both optimal growth temperature and 
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thermal tolerance, especially at larger body sizes; 6) after spawners enter freshwater, the 
amount of energy and days available to migrate and successfully spawn at a given 
upstream location was very sensitive to ambient river temperature and the swimming 
speed required to reach the spawning grounds. When placed in the context of climate 
variability and seasonal shifts in temperature and food availability, these simulations 
suggest that growth will be more frequently limited by feeding rate (prey availability) and 
prey quality than by temperature, especially for smaller, younger life stages. Larger 
salmon should be more sensitive to temperature change, but reductions in optimal growth 
temperature and thermal tolerance would be magnified for all life stages if either feeding 
rate or prey quality were reduced. Given intense size-selective mortality during one or 
more early life stages, this simulation framework could be adopted to identify the key 
factors limiting growth to critical sizes during critical periods in the life cycle of specific 
salmon stocks. 
 

Beauchamp, D. A., Cross, A. D., Armstrong, J. L., Myers, K. W., Moss, J. H., Boldt, J. L., 
& Haldorson, L. J. (2007). Bioenergetic responses by Pacific salmon to climate and 
ecosystem variation. North Pacific Anadromous Fish Commission Bulletin, 4, 257–
269. 
Salmon growth can respond to changes in temperature, food availability, food quality, 
and activity. Climatic variability can affect one or more of these factors, because different 
climate regimes are associated with different temporal-spatial patterns of temperature, 
salinity, and other oceanographic features that can alter ocean distribution patterns of 
salmon and cause shifts in assemblages of other organisms. Consequently, climate 
variability can simultaneously change the availability or productivity of exploitable prey, 
and the intensity of competition or predation experienced by salmon at various stages of 
ocean life. Variability across multiple factors canpotentially confound the understanding 
and prediction of salmon growth or survival. Bioenergetics models can account for 
changing thermal and food conditions explicitly, and are valuable analytical tools for 
isolating andevaluating the relative contribution of different factors (e.g., temperature, 
feeding rate, food availability, food quality) to the consumption and growth of salmon 
during different life stages. Model simulations, coupled with data on growth trajectories, 
diet composition, and thermal experience, provide estimates of: 1) consumption rates on 
eachprey (measures of both the importance of various prey to the energy budget of 
salmon, and the predation impact of salmon on prey species); 2) feeding rate as a 
proportion of the theoretical maximum consumption rate, a measure of relative food 
availability; and 3) growth efficiency, a measure of how much food was required to 
achieve the observed growth rate. We applied bioenergetics models to juvenile pink 
salmon in the Gulf of Alaska during years of low (2001) versus high (2002) ocean 
survival to examine feeding and growth performance between years while explicitly 
accounting for significant variability in stage-specific distribution, diet, growth, and 
consumption. From these simulations, we determined that higher feeding rates on 
pteropods, primarily during July–August 2002, explained the higher growth rates and 
larger body mass of juveniles that were associated with higher stage-specific marine 
survival for juveniles in 2002. Current bioenergetics models for salmonids provide 
valuable diagnostic and analytical tools. However, as modeling applications become 
more predictive and demanding, modifications and improvements will be required to 
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address important topics like behavior, variable activity costs, seasonal and ontogenetic 
energy allocation, and foraging models. 
 

Benkwitt, C. E., Brodeur, R. D., Hurst, T. P., & Daly, E. A. (2009). Diel feeding chronology, 
gastric evacuation, and daily food consumption of juvenile Chinook salmon in 
Oregon coastal waters. Transactions of the American Fisheries Society, 138(1), 111–
120. doi:10.1577/T08-060.1 
The diel feeding periodicity of juvenile Chinook salmon Oncorhynchus tshawytscha was 
determined from stomachs collected in coastal waters off Oregon in 2000 and 2003. 
Juvenile Chinook salmon exhibited a diurnal feeding pattern with morning and evening 
feeding periods. There were differences in the duration and magnitude of the dawn and 
dusk peaks between the 2 years. Gastric evacuation rates of euphausiid meals were 
estimated from laboratory experiments at 9.3, 10.7, and 13.9°C. Based on an exponential 
model, the instantaneous evacuation rates at these three temperatures were 0.0407, 
0.0589, and 0.0807 per hour, respectively. The daily ration of juvenile Chinook salmon in 
Oregon coastal waters in 2000 and 2003 was estimated using three models. Using 
laboratory-derived evacuation rates, the Elliott and Persson and Eggers models produced 
daily ration estimates of 2.04% and 2.57% of body weight (BW), respectively, in 2000 
and 2.93% and 2.46%BW in 2003. The MAXIMS model, which does not rely on 
laboratory-derived evacuation rates, produced higher estimates of daily ration (3.84% and 
4.28%BW). Our diel feeding chronology, gastric evacuation rate, and daily ration 
estimates for juvenile Chinook salmon were comparable to those of other juvenile 
salmonids. 
 

Bi, H., Peterson, W. T., Lamb, J., & Casillas, E. (2011). Copepods and salmon: 
characterizing the spatial distribution of juvenile salmon along the Washington and 
Oregon coast, USA. Fisheries Oceanography, 20(2), 125–138. doi:10.1111/j.1365-
2419.2011.00573.x 
Yearling Chinook (Oncorhynchus tshawytscha) and coho salmon (Oncorhynchus kisutch) 
were sampled concurrently with physical variables (temperature, salinity, depth) and 
biological variables (chlorophyll a concentration and copepod abundance) along the 
Washington and Oregon coast in June 1998–2008. Copepod species were divided into 
four different groups based on their water-type affinities: cold neritic, subarctic oceanic, 
warm neritic, and warm oceanic. Generalized linear mixed models were used to quantify 
the relationship between the abundance of these four different copepod groups and the 
abundance of juvenile salmon. The relationships between juvenile salmon and different 
copepod groups were further validated using regression analysis of annual mean juvenile 
salmon abundance versus the mean abundance of the copepod groups. Yearling Chinook 
salmon abundance was negatively correlated with warm oceanic copepods, warm neritic 
copepods, and bottom depth, and positively correlated with cold neritic copepods, 
subarctic copepods, and chlorophyll a concentration. The selected habitat variables 
explained 67% of the variation in yearling Chinook abundance. Yearling coho salmon 
abundance was negatively correlated with warm oceanic copepods, warm neritic 
copepods, and bottom depth, and positively correlated with temperature. The selected 
habitat variables explained 40% of the variation in yearling coho abundance. Results 
suggest that copepod communities can be used to characterize spatio-temporal patterns of 
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abundance of juvenile salmon, i.e., large-scale interannual variations in ocean conditions 
(warm versus cold years) and inshore-offshore (cross-shelf) gradients in the abundance of 
juvenile salmon can be characterized by differences in the abundance of copepod species 
with various water mass affinities. 
 

Bi, H., Peterson, W. T., & Strub, P. T. (2011). Transport and coastal zooplankton 
communities in the northern California Current system. Geophysical Research 
Letters, 38(12). L12607 doi:10.1029/2011GL047927 
Alongshore transport was estimated from the gridded AVISO altimeter data and water 
level data from NOAA tide gauges (1993–2010) for the northern California Current 
(NCC) system. The biomass of the cold neritic copepods including Calanus marshallae, 
Pseudocalanus mimus and Acartia longiremis (dominants in the eastern Bering Sea, 
coastal Gulf of Alaska, and NCC) was estimated from a 15 year time series of 
zooplankton samples (1996–2010) collected biweekly at a coastal station 9 km off 
Newport Oregon U.S.A. The alongshore currents and the biomass of the cold neritic 
copepods exhibit a strong seasonal pattern and fluctuate in opposite phase: positive 
alongshore current (from south) leads to low biomass in winter and negative alongshore 
current (from north) leads to high biomass in summer. When the Pacific Decadal 
Oscillation (PDO) is positive, i.e., warm conditions around the northeast Pacific, there is 
more movement of water from the south in the NCC during winter. When the PDO is 
negative, there is more movement of water from the north during summer. The mean 
biomass of cold neritic copepods was positively correlated with the survival rate of 
juvenile coho salmon and cumulative transport was negatively correlated with coho 
salmon survival, i.e., in years when a greater portion of the source waters feeding the 
NCC enters from the north, the greater the salmon survival. We conclude that alongshore 
transport manifests PDO signals and serves as a linkage between large scale forcing to 
local ecosystem dynamics. 
 

Bi, H., Ruppel, R. E., & Peterson, W. T. (2007). Modeling the pelagic habitat of salmon off 
the Pacific Northwest (USA) coast using logistic regression. Marine Ecology Progress 
Series, 336, 249–265. doi:10.3354/meps336249 
Defining marine habitat use for Pacific salmon Oncorhynchus spp. is important for 
effective resource management because salmon production has been linked to ocean 
conditions in the Northeast Pacific. Towards that goal, Chinook O. tshawytscha and coho 
salmon O. kisutch populations were sampled off Washington and Oregon, USA, in June 
1998 to 2005 along with habitat variables including temperature, salinity, water depth, 
and chlorophyll a concentration. Correlation analysis and stepwise logistic regressions 
were run to identify the physical and biological factors that predict the presence of 
Chinook and coho salmon. Low zero-catch probability was used to indicate used habitat. 
For all life history stages, zero-catch probability decreased with increased chlorophyll 
concentration and decreased depth. Temperature was a significant predictor variable for 
subyearling Chinook and yearling coho presence based on stepwise logistic regression. 
The size of used habitat showed large spatial and temporal variations, where more used 
habitat occurred off Washington and the Columbia River mouth than off Oregon. This 
pattern may relate to a wider shelf and greater primary production to the north. The 
largest amount of used habitat occurred in 2000 and 2003 for all 5 life history stages 
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examined. Sea-viewing Wide Field-of-Sensor (SeaWiFS) satellite images indicated high 
chlorophyll concentration in that period. 
 

Bi, H., Ruppel, R. E., Peterson, W. T., & Casillas, E. (2008). Spatial distribution of ocean 
habitat of yearling Chinook (Oncorhynchus tshawytscha) and coho (Oncorhynchus 
kisutch) salmon off Washington and Oregon, USA. Fisheries Oceanography, 17(6), 
463–476. doi:10.1111/j.1365-2419.2008.00493.x 
We determined the habitat usage and habitat connectivity of juvenile Chinook 
(Oncorhynchus tshawytscha) and coho (Oncorhynchus kisutch) salmon in continental 
shelf waters off Washington and Oregon, based on samples collected every June for 9 yr 
(1998–2006). Habitat usage and connectivity were evaluated using SeaWiFS satellite-
derived chlorophyll a data and water depth. Logistic regression models were developed 
for both species, and habitats were first classified using a threshold value estimated from 
a receiver operating characteristic curve. A Bernoulli random process using catch 
probabilities from observed data, i.e. the frequency of occurrence of a fish divided by the 
number of times a station was surveyed, was applied to reclassify stations. Zero-catch 
probabilities of yearling Chinook and yearling coho salmon decreased with increases in 

chlorophyll a concentration, and with decreases in water depth. From 1998 to 2006, ∼ 

47% of stations surveyed were classified as unfavorable habitat for yearling Chinook 

salmon and ∼ 53% for yearling coho salmon. Potentially favorable habitat varied among 

years and ranged from 9 856 to 15 120 km2 (Chinook) and from 14 800 to 16 736 km2 
(coho). For both species, the smallest habitat area occurred in 1998, an El Niño year. 
Favorable habitats for yearling Chinook salmon were more isolated in 1998 and 2005 
than in other years. Both species had larger and more continuous favorable habitat areas 
along the Washington coast than along the Oregon coast. The favorable habitats were 
also larger and more continuous nearshore than offshore for both species. Further 
investigations on large-scale transport, mesoscale physical features, and prey and 
predator availability in the study area are necessary to explain the spatial arrangement of 
juvenile salmon habitats in continental shelf waters. 
 

Bollens, S. M., vanden Hooff, R., Butler, M., Cordell, J. R., & Frost, B. W. (2010). Feeding 
ecology of juvenile Pacific salmon (Oncorhynchus spp.) in a northeast Pacific fjord: 
diet, availability of zooplankton, selectivity for prey, and potential competition for 
prey resources. Fishery Bulletin, 108(4), 393–407. 
We investigated the feeding ecology of juvenile salmon during the critical early life-
history stage of transition from shallow to deep marine waters by sampling two stations 
(190 m and 60 m deep) in a northeast Pacific fjord (Dabob Bay, WA) between May 1985 
and October 1987. Four species of Pacific salmon—Oncorhynchus keta (chum), O. 
tshawytscha (Chinook), O. gorbuscha (pink), and O. kisutch (coho)—were examined for 
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stomach contents. Diets of these fishes varied temporally, spatially, and between species, 
but were dominated by insects, euphausiids, and decapod larvae. Zooplankton 
assemblages and dry weights differed between stations, and less so between years. 
Salmon often demonstrated strongly positive or negative selection for specific prey types: 
copepods were far more abundant in the zooplankton than in the diet, whereas Insecta, 
Araneae, Cephalapoda, Teleostei, and Ctenophora were more abundant in the diet than in 
the plankton. Overall diet overlap was highest for Chinook and coho salmon 
(mean=77.9%)—species that seldom were found together. Chum and Chinook salmon 
were found together the most frequently, but diet overlap was lower (38.8%) and 
zooplankton biomass was not correlated with their gut fullness (% body weight). Thus, 
despite occasional occurrences of significant diet overlap between salmon species, our 
results indicate that interspecific competition among juvenile salmon does not occur in 
Dabob Bay. 
 

Bond, M. H., Hayes, S. A., Hanson, C. V., & MacFarlane, R. B. (2008). Marine survival of 
steelhead (Oncorhynchus mykiss) enhanced by a seasonally closed estuary. Canadian 
Journal of Fisheries and Aquatic Sciences, 65(10), 2242–2252. doi:10.1139/F08-131 
To investigate the role that estuaries play in the survival of steelhead, Oncorhynchus 
mykiss, we compared juvenile size at ocean entry with back-calculated measures of size 
at ocean entry for returning adults in Scott Creek, a representative California coastal 
stream. During the annual spring emigration, the largest smolts (>150 mm fork length 
(FL)) move directly to sea, while some smaller smolts remain in the estuary until sandbar 
formation creates a closed freshwater lagoon. High growth rates in the estuary throughout 
the summer result in a near doubling of fork length from the time of estuary entry (mean 
FL of spring migrants = 102.2 mm; mean FL of fall lagoon resident = 195.9 mm). 
Analysis of the scale morphology of returning adult steelhead indicates that there is 
strong size-dependent mortality at sea, with estuary-reared steelhead showing a large 
survival advantage, comprising between 87% and 95.5% (based on tag returns and scale 
analysis, respectively) of the returning adult population despite being between 8% and 
48% of the annual downstream migrating population. Although the estuary forms less 
than 5% of the watershed area, it is critical nursery habitat, and steelhead population 
persistence in southern margin ecosystems may well depend upon healthy estuaries. 
 

Borstad, G., Crawford, W., Hipfner, J. M., Thomson, R., & Hyatt, K. (2011). 
Environmental control of the breeding success of rhinoceros auklets at Triangle 
Island, British Columbia. Marine Ecology Progress Series, 424, 285–302. 
doi:10.3354/meps08950 
There are few studies of the mechanistic links between physical environmental processes 
and biotic responses in marine ecosystems that have strong predictive power. At Triangle 
Island, the largest seabird colony along Canada’s Pacific coast, annual breeding success 
of rhinoceros auklets Cerorhinca monocerata varies dramatically. Previous studies have 
correlated this variability with ocean temperature, but this relationship occasionally fails, 
suggesting that it is not causal. We used historical satellite data time series of sea surface 
temperature, chlorophyll, and winds to study the oceanography of this remote colony. We 
found that rhinoceros auklets bred more successfully when the spring transition in 
regional winds and the resulting spring phytoplankton bloom occurred early in April. 
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These factors appear to control the annual recruitment of Pacific sand lance Ammodytes 
hexapterus, as measured by the percent by biomass of young-of-the-year sandlance in the 
nestling diet. These linkages imply bottom-up control in this system. Suggesting broader 
implications of our work, we also found that marine survival of economically and 
culturally important sockeye salmon Oncorhynchus nerka from nearby Smith Inlet was 
strongly correlated with the fledgling mass of the rhinoceros auklets, sandlance in the 
chicks’ diets, and regional chlorophyll in April. The timing of the spring wind transition 
and phytoplankton bloom appear to be important for other predators in this system. We 
think that these relationships with wind and chlorophyll derived from satellite data are 
potentially valuable explanatory tools that will be widely applicable to studies of early 
marine survival of many marine species. 
 

Braden, L. M., Barker, D. E., Koop, B. F., & Jones, S. R. M. (2012). Comparative defense-
associated responses in salmon skin elicited by the ectoparasite Lepeophtheirus 
salmonis. Comparative Biochemistry and Physiology Part D: Genomics and 
Proteomics, 7(2), 100–109. doi:10.1016/j.cbd.2011.12.002 
Susceptibility among salmonids to the ectoparasite Lepeophtheirus salmonis is related to 
inflammatory reactions at the site of parasite attachment. Salmon from two susceptible 
(Salmo salar, Oncorhynchus keta) and one resistant (Oncorhynchus gorbuscha) species 
were exposed to adult L. salmonis. After 24 and 48 h, skin samples directly below the 
attachment site and at non-attachment sites were assessed for transcriptomic profiles of 
select innate defense genes. Abrasion of the skin permitted comparisons between 
abrasion-associated injury and louse-associated injury. Infection responses were 
consistently higher than those caused by abrasion. Temporal patterns of expression were 
evident in all species for the transcription factor CCAAT/enhancer-binding protein β 
(C/EBP-β), the cytokine interleukin-6 (IL-6) and the enzyme prostaglandin D synthase 
(PGDS) at attachment sites. O. gorbuscha was the highest responder in a number of 
genes while there was an absence of C-reactive protein (CRP) gene expression in S. salar 
and O. keta, indicating an altered acute-phase response. Moreover, O. keta displayed 
distinct interleukin-8 (IL-8) and serum amyloid P (SAP) responses. Impaired genetic 
expression or over-expression in these pathways may be evidence for species-specific 
pathways of susceptibility to the parasite. At L. salmonis attachment sites, reduced 
expression compared to non-attachment sites was observed for C/EBP-β (S. salar), CRP 
(S. salar), SAP (S. salar, O. gorbuscha, O. keta), PGDS (S. salar, O. gorbuscha, O. keta), 
and major histocompatibility class II (MH class II, S. salar), suggesting local 
immunodepression. 
 

Brauner, C. J., Sackville, M., Gallagher, Z., Tang, S., Nendick, L., & Farrell, A. P. (2012). 
Physiological consequences of the salmon louse (Lepeophtheirus salmonis) on 
juvenile pink salmon (Oncorhynchus gorbuscha): implications for wild salmon 
ecology and management, and for salmon aquaculture. Philosophical Transactions 
of the Royal Society B: Biological Sciences, 367(1596), 1770–1779. 
doi:10.1098/rstb.2011.0423 
Pink salmon, Oncorhynchus gorbuscha, are the most abundant wild salmon species and 
are thought of as an indicator of ecosystem health. The salmon louse, Lepeophtheirus 
salmonis, is endemic to pink salmon habitat but these ectoparasites have been implicated 
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in reducing local pink salmon populations in the Broughton Archipelago, British 
Columbia. This allegation arose largely because juvenile pink salmon migrate past 
commercial open net salmon farms, which are known to incubate the salmon louse. 
Juvenile pink salmon are thought to be especially sensitive to this ectoparasite because 
they enter the sea at such a small size (approx. 0.2 g). Here, we describe how “no effect” 
thresholds for salmon louse sublethal impacts on juvenile pink salmon were determined 
using physiological principles. These data were accepted by environmental managers and 
are being used to minimize the impact of salmon aquaculture on wild pink salmon 
populations. 
 

Brodeur, R. D., Daly, E. A., Schabetsberger, R. A., & Mier, K. L. (2007). Interannual and 
interdecadal variability in juvenile coho salmon (Oncorhynchus kisutch) diets in 
relation to environmental changes in the northern California Current. Fisheries 
Oceanography, 16(5), 395–408. doi:10.1111/j.1365-2419.2007.00438.x 
The feeding habits of juvenile coho salmon, Oncorhynchus kisutch, in the northern 
California Current were examined using samples from two different time periods (1980–
85 and 1998–2003) of highly contrasting oceanographic conditions. The goal was to test 
the influence of interannual and interdecadal changes in taxonomic composition of prey, 
feeding intensity, and size spectra of teleost prey. Analyses were done for samples taken 
both early in the summer (June) shortly after the salmon enter the ocean, and also in late 
summer (September) following some ocean residency. Fish prey dominated coho salmon 
diets by weight during most years, but this trend was more pronounced during the 1980–
85 sampling period. In terms of numerical composition, the diets were more variable on 
an interannual basis, but decapod larvae and euphausiids were important prey in most 
years. Pteropods and copepods were important prey during weak upwelling or El Niño 
years, whereas euphausiids were important during strong upwelling or otherwise highly 
productive years. Hyperiid amphipods comprised a substantial proportion of the diets 
only in 2000. Coho salmon showed highly significant differences in prey composition 
among years or between decades both in weight and numerical composition. The 
percentage of empty stomachs was highly variable by year in both June and September, 
but was significantly different only for September between decades. In contrast, an index 
of feeding intensity did not show many significant changes in either comparison. 
However, the relative size ratios for fish prey consumed were highly variable by year, 
and larger than average fish prey were consumed during 1998, leading to the highest 
feeding intensity observed. 
 

Brodeur, R. D., Daly, E. A., Sturdevant, M. V., Miller, T. W., Moss, J. H., Thiess, M. E., 
Trudel, M., Weitkamp, L. A., Armstrong, J.,& Norton, E. C. (2007). Regional 
comparisons of juvenile salmon feeding in coastal marine waters off the west coast 
of North America. American Fisheries Society Symposium, 57, 283–203. 
Upon entering marine waters, juvenile Pacific salmon Oncorhynchus spp. depend on 
feeding at high and sustained levels to achieve growth necessary for survival. In the last 
decade, several concurrent studies have been examining the food habits and feeding 
intensity of juvenile Pacific salmon in the shelf regions from California to the northern 
Gulf of Alaska. In this paper, we compared results from feeding studies for all five 
species of juvenile salmon (Chinook salmon O. tshawytscha, coho salmon O. kisutch, 
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chum salmon O. keta, sockeye salmon O. nerka, and pink salmon O. gorbuscha) between 
2000 and 2002, years when these regions were sampled extensively. Within these years, 
we temporally stratified our samples to include early (May–July) and late (August–
October) periods of ocean migration. Coho and Chinook salmon diets were most similar 
due to a high consumption of fish prey, whereas pink, chum, and sockeye salmon diets 
were more variable with no consistently dominant prey taxa. Salmon diets varied more 
spatially (by oceanographic and regional factors) than temporally (by season or year) in 
terms of percentage weight or volume of major prey categories. We also examined 
regional variations in feeding intensity based on stomach fullness (expressed as percent 
body weight) and percent of empty or overly full stomachs. Stomach fullness tended to 
be greater off Alaska than off the west coast of the United States, but the data were highly 
variable. Results from these comparisons provide a large-scale picture of juvenile salmon 
feeding in coastal waters throughout much of their range, allowing for comparison with 
available prey resources, growth, and survival patterns associated with the different 
regions. 
 

Brodeur, R. D., Suchman, C. L., Reese, D. C., Miller, T. W., & Daly, E. A. (2008). Spatial 
overlap and trophic interactions between pelagic fish and large jellyfish in the 
northern California Current. Marine Biology, 154(4), 649–659. doi:10.1007/s00227-
008-0958-3 
Recent studies have indicated that populations of gelatinous zooplankton may be 
increasing and expanding in geographic coverage, and these increases may in turn affect 
coastal fish populations. We conducted trawl surveys in the northern California Current 
and documented a substantial biomass of scyphomedusae consisting primarily of two 
species (Chrysaora fuscescens and Aurelia labiata). Spatial overlap of these jellyfish 
with most pelagic fishes, including salmon, was generally low, but there were regions of 
relatively high overlap where trophic interactions may have been occurring. We 
compared feeding ecology of jellyfish and pelagic fishes based on diet composition and 
found that trophic overlap was high with planktivorous species that consume copepods 
and euphausiid eggs such as Pacific sardines (Sardinops sagax), northern anchovy 
(Engraulis mordax), Pacific saury (Cololabis saira), and Pacific herring (Clupea pallasi). 
Moreover, isotope and diet analyses suggest that jellyfish occupy a trophic level similar 
to that of small pelagic fishes such as herring, sardines and northern anchovy. Thus 
jellyfish have the potential, given their substantial biomass, of competing with these 
species, especially in years with low ecosystem productivity where prey resources will be 
limited. 

 
Brosnan, I. G., Welch, D. W., Rechisky, E. L., & Porter, A. D. (2014). Evaluating the  

influence of environmental factors on yearling Chinook salmon survival in the 
Columbia River plume (USA). Marine Ecology Progress Series, 496, 181–196. 
doi:10.3354/meps10550  
The impact of oceanographic processes on early marine survival of Pacific salmon is 
typically estimated upon adult return, 1 to 5 yr after ocean entry, and many 1000s of 
kilometers after initial exposure. Here, we use direct estimates of early marine survival 
obtained from acoustic-tagged yearling Chinook salmon Oncorhynchus tshawytscha that 
entered the Columbia River plume (USA) after migrating down the river and then north 
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to the coastal waters off Willapa Bay, Washington. Plume residence time averaged 7 d, 
and was of such short duration that predation, rather than feeding and growth conditions, 
was the likely primary cause of mortality. Plume survival ranged from 0.13 to 0.86, but 
was stable when scaled by plume residence time, and we find that a simple exponential 
decay model adequately describes plume survival. Plume survival, and perhaps adult 
returns, could be improved by reducing plume residence time if the drivers controlling 
residence time were amenable to management control. However, we show that a 
statistical model of plume residence time that includes only sea-surface temperature far 
outperforms models that include river discharge and coastal upwelling. Timing hatchery 
releases using marine environmental forecasts could potentially improve smolt survival 
by minimizing their residence time in regions of poor survival. Acoustic telemetry may 
be used to evaluate the value and effectiveness of such approaches. 

 
Buhle, E. R., Holsman, K. K., Scheuerell, M. D., & Albaugh, A. (2009). Using an unplanned 

experiment to evaluate the effects of hatcheries and environmental variation on 
threatened populations of wild salmon. Biological Conservation, 142(11), 2449–2455. 
doi:10.1016/j.biocon.2009.05.013 
Efforts to conserve depleted populations of Pacific salmon (Oncorhynchus spp.) often 
rely on hatchery programs to offset losses of fish from natural and anthropogenic causes, 
but their use has been contentious. We examined the impact of a large-scale reduction in 
hatchery stocking on 15 populations of wild coho salmon along the coast of Oregon 
(USA). Our analyses highlight four critical factors influencing the productivity of these 

populations: (1) negative density-dependent effects of hatchery-origin spawners were ∼5 

times greater than those of wild spawners; (2) the productivity of wild salmon decreased 
as releases of hatchery juveniles increased; (3) salmon production was positively related 
to an index of freshwater habitat quality; and (4) ocean conditions strongly affect 
productivity at large spatial scales, potentially masking more localized drivers. These 
results suggest that hatchery programs’ unintended negative effects on wild salmon 
populations, and their role in salmon recovery, should be considered in the context of 
other ecological drivers. 
 

Burke, B. J., Anderson, J. J., & Baptista, A. M. (2014). Evidence for multiple navigational  
sensory capabilities of Chinook salmon. Aquatic Biology, 20(1), 77–90. 
doi:10.3354/ab00541  
To study the complex coastal migrations patterns exhibited by juvenile Columbia River 
Chinook salmon as they enter and move through the marine environment, we created an 
individual-based model in a coupled Eulerian-Lagrangian framework. We modeled 5 
distinct migration strategies and compared the resulting spatial distributions to catch data 
collected during May and June in 3 years. Two strategies produced fish distributions 
similar to those observed in May but only one also produced the observed June 
distributions. In both strategies, salmon distinguish north from south (i.e. they have a 
compass sense), and they control their position relative to particular landmarks, such as 
the river mouth. With these 2 abilities, we posit that salmon follow spatially explicit 
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behavior rules that prevent entrapment in strong southward currents and advection 
offshore. Additionally, the consistent spatio-temporal distributions observed among years 
suggest that salmon use a clock sense to adjust their swim speed, within and among 
years, in response to progress along their migration. 

 
Burke, B. J., Liermann, M. C., Teel, D. J., & Anderson, J. J. (2013). Environmental and 

geospatial factors drive juvenile Chinook salmon distribution during early ocean 
migration. Canadian Journal of Fisheries and Aquatic Sciences, 70(8), 1167–1177. 
doi:10.1139/cjfas-2012-0505 
Migrating animals rely on a variety of cues to guide them, but the relative importance of 
those signals may vary with size, life stage, or location. During their initial ocean 
migration, yearling Chinook salmon (Oncorhynchus tshawytcha) from the Columbia 
River have stock-specific spatial distributions that shift through time. We used a two-
process mixture model to examine how the distribution of yearling migrants from three 
Chinook salmon stocks varies as a function of geospatial (e.g., latitude and distance from 
shore) and environmental (e.g., chlorophyll a and temperature) covariates. In this 
framework, one process described the probability of being inside the spatial, temporal, 
and environmental boundaries of the migration route, and one process described the 
patchy distribution of salmon abundance within that route. We found that both 
environmental and geospatial covariates explained substantial portions of observed 
spatial patterns in abundance, suggesting that these stocks responded to multiple cues 
during migration. However, model selection criteria indicated that fish distributions were 
moreaffected by geospatial than by environmental covariates. We conclude that during 
migration, behavioral responses to environ-mental variation are secondary to responses to 
geospatial variation, sometimes resulting in suboptimal environmental conditions. This 
may have sublethal effects on growth and could ultimately influence stock-specific 
responses to broad-scale climate changes. 
 

Burke, B. J., Peterson, W. T., Beckman, B. R., Morgan, C., Daly, E. A., & Litz, M. (2013). 
Multivariate models of adult Pacific salmon returns. PLoS ONE, 8(1), e54134. 
doi:10.1371/journal.pone.0054134 
Most modeling and statistical approaches encourage simplicity, yet ecological processes 
are often complex, as they are influenced by numerous dynamic environmental and 
biological factors. Pacific salmon abundance has been highly variable over the last few 
decades and most forecasting models have proven inadequate, primarily because of a lack 
of understanding of the processes affecting variability in survival. Better methods and 
data for predicting the abundance of returning adults are therefore required to effectively 
manage the species. We combined 31 distinct indicators of the marine environment 
collected over an 11-year period into a multivariate analysis to summarize and predict 
adult spring Chinook salmon returns to the Columbia River in 2012. In addition to 
forecasts, this tool quantifies the strength of the relationship between various ecological 
indicators and salmon returns, allowing interpretation of ecosystem processes. The 
relative importance of indicators varied, but a few trends emerged. Adult returns of 
spring Chinook salmon were best described using indicators of bottom-up ecological 
processes such as composition and abundance of zooplankton and fish prey as well as 
measures of individual fish, such as growth and condition. Local indicators of 
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temperature or coastal upwelling did not contribute as much as large-scale indicators of 
temperature variability, matching the spatial scale over which salmon spend the majority 
of their ocean residence. Results suggest that effective management of Pacific salmon 
requires multiple types of data and that no single indicator can represent the complex 
early-ocean ecology of salmon. 
 

Buser, T., Davis, N. D., Jiménez-Hidalgo, I., & Hauser, L. (2009). Genetic techniques 
provide evidence of Chinook salmon feeding on walleye pollock offal. North Pacific 
Anadromous Fish Commission Bulletin, 5, 225–229. 
Declining runs of Chinook salmon in western Alaska have focused interest on the ocean 
condition and food habits of Chinook salmon in the Bering Sea, including potential 
mortality from bycatch in the pollock fishery. Examination of Chinook salmon stomach 
contents collected in the eastern Bering Sea by the U.S. North Pacific Groundfish 
Observer Program (NOAA Fisheries) revealed isolated pieces of skin, bones, and fins 
(offal) belonging to large-bodied fish which were physically identified as either walleye 
pollock (Theragra chalcogramma) or Pacific cod (Gadus macrocephalus). To confirm 
the species identification of the offal, we matched DNA sequences of these offal samples 
to known sequences of walleye pollock and Pacific cod. Novel mitochondrial DNA 
(mtDNA) primers were designed to amplify a 174-base pair (bp)-long section of the 
cytochromec oxidase subunit I (COI) gene, which was sequenced and compared with 
sequences downloaded from the GenBank database. Typically, much longer sections 
(~700 bp) of DNA are used for species identification but due to the state of digestion of 
the samples, long sequences of DNA were no longer present. The specific design of our 
primers, however, allowed us to make positive identification and differentiation of 
walleye pollock and Pacific cod. Of the 15 offal samples, nine yielded usable sequences, 
all of which were positively identified as walleye pollock. Our results clearly demonstrate 
the utility of a short COI sequence for species identification of Chinook salmon stomach 
contents that might otherwise be unidentifiable due to either the state of digestion, or 
because the salmon consumed isolated body parts (offal) rather than whole fish. These 
results suggest that walleye pollock offal supplements the diet of Chinook salmon during 
winter. 
 

Celewycz, A. G., Berger, J. D., Cusick, J., Davis, N. D., Fukuwaku, M., & Malecha, P. W.  
(2009). High seas salmonid coded-wire tag recovery data, 2009. North Pacific 
Anadromous Fish Commission Document, 1179, 22 pp.  
Information on high seas recoveries of salmonids (Oncorhynchus spp.) tagged with 
coded-wire tags (CWTs) has been reported annually to the International North Pacific 
Fisheries Commission (1981-1992) and to the North Pacific Anadromous Fish 
Commission (NPAFC, 1993-present). Data from these CWT recoveries are also reported 
into the coastwide on-line CWT recovery database (http://www.rmpc.org) maintained by 
the Regional Mark Processing Center (RMPC) of the Pacific States Marine Fisheries 
Commission (PSMFC). This document lists recovery data for 34 CWT salmonids that 
will be reported to SMFC/RMPC for the first time. These 34 CWTs were recovered from 
the 2008 U.S. groundfish trawl fishery in the Gulf of Alaska (13 Chinook salmon, 
Oncorhynchus tshawytscha) , the 2003, 2006, 2007, and 2009 U.S. groundfish trawl 
fishery in the eastern Bering Sea-Aleutian Islands (7 Chinook salmon), the 2008 Pacific 
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hake (Merluccius productus) trawl fishery in the Northern Pacific Ocean off 
Washington/Oregon/California (WA/OR/CA, 10 Chinook salmon), the 2008 limited-
entry non-hake groundfish trawl off WA/OR/CA (2 Chinook salmon), and 2008 U.S. 
trawl research in the northern Gulf of Alaska (2 coho salmon, Oncorhynchus kisutch). 

 
Celewycz, A. G., & Moss, J. H. (2011). High seas salmonid coded-wire tag recovery data,  

2011. North Pacific Anadromous Fish Commission Document, 1341, 24 pp.  
Information on high seas recoveries of salmonids (Oncorhynchus spp.) tagged with 
coded-wire tags (CWTs) has been reported annually to the International North Pacific 
Fisheries Commission (1981-1992) and to the North Pacific Anadromous Fish 
Commission (NPAFC, 1993-present). Data from these CWT recoveries are also reported 
into the Regional Mark Information System Database maintained by the Regional Mark 
Processing Center (RMPC, http://www.rmpc.org) of the Pacific States Marine Fisheries 
Commission (PSMFC). This document lists recovery data for 61 CWT salmonids that 
will be reported to PSMFC/RMPC for the first time. These 61 CWTs were recovered 
from the 2008, 2009, and 2010 U.S. groundfish trawl fishery in the Gulf of Alaska (41 
Chinook salmon, Oncorhynchus tshawytscha), the 2009 and 2010 U.S. groundfish trawl 
fishery in the eastern Bering Sea-Aleutian Islands (13 Chinook salmon and 1 coho 
salmon Oncorhynchus kisutch), and from 2010 US research vessel operations in the Gulf 
of Alaska (3 Chinook salmon and 3 coho salmon,). Recovery information is also 
presented for 9 new recoveries of Chinook salmon tagged with agency-only wire tags 
(not CWTs) 

 
Chamberlin, J. W., Essington, T. E., Ferguson, J. W., & Quinn, T. P. (2011). The influence 

of hatchery rearing practices on salmon migratory behavior: Is the tendency of 
Chinook salmon to remain within Puget Sound affected by size and date of release? 
Transactions of the American Fisheries Society, 140(5), 1398–1408. 
doi:10.1080/00028487.2011.623993 
The marine migrations of Pacific salmon Oncorhynchus spp., and especially Chinook 
salmon O. tshawytscha, vary greatly in duration and spatial extent. In Puget Sound, 
Washington, most Chinook salmon migrate from freshwater to the coastal waters of the 
Pacific Ocean before returning to spawn in their natal streams. However, some leave 
freshwater but remain in the semi-estuarine waters of Puget Sound until they mature and 
then return to freshwater to spawn. The objective of our study was to determine the effect 
of rearing conditions and hatchery location on the prevalence of this alternative pattern of 
marine distribution by hatchery-produced Chinook salmon in Puget Sound. We used 
coded wire tag recovery data to analyze the effect of release region, age, size, and date of 
release on the proportion of fish showing resident-type behavior, defined as recovery in 
Puget Sound fisheries outside the period when maturing salmon return from the coast. 
Based on 226 different release groups from 26 hatcheries throughout Puget Sound from 
1972 to 1993, 24% of the fish recovered were classified as residents, though this is not an 
actual estimate of the percentage of fish displaying this distribution pattern. The best 
single predictor of residency was release region, suggesting that where fish enter the 
marine environment had the largest influence on whether they adopted resident behavior 
or migrated directly to the ocean. The overall best model included an interactive effect 
between release region and size at release, revealing that the propensity of large fish to 
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remain resident varied significantly among regions. The actual mechanisms that create 
the diversity of distribution patterns are still unknown, but the effects of rearing 
conditions and release location provide useful information for the management of these 
salmon populations.  
 

Chamberlin, J. W., Kagley, A. N., Fresh, K. L., & Quinn, T. P. (2011). Movements of 
yearling Chinook salmon during the first summer in marine waters of Hood Canal, 
Washington. Transactions of the American Fisheries Society, 140(2), 429–439. 
doi:10.1080/00028487.2011.572006 
Migration is a fundamental component of the life history and ecology of many species, 
but the extent and duration of specific migrations can vary depending on species and 
environment. Chinook salmon Oncorhynchus tshawytscha are characterized by a 
spectrum of life history types with different migration patterns and spatial distributions. 
The objective of this study was to quantify the movements of yearling Chinook salmon 
smolts during their initial summer in Hood Canal, a long, narrow fjord in western Puget 
Sound, Washington. Fifty-eight yearling hatchery-reared smolts were tagged with 
acoustic transmitters and tracked during May–August 2008 with a network of 50 
receivers placed throughout Hood Canal. A total of 41 fish were detected during the 
study period; of these, 18 fish were still being detected in Hood Canal after 100 d. Fish 
initially congregated near the release site and gradually dispersed during summer; 
individual movement rates ranged between 0.44 and 1.52 body lengths/s. Fish movement 
occurred both with and against tidal currents, and nearly all fish showed some period of 
inactivity, especially as recorded on receivers near estuaries and tidal deltas. Eight fish 
(20%) were detected as leaving Hood Canal during the study, but seven of them later 
returned to Hood Canal. The extended use of Hood Canal as rearing habitat indicated the 
importance of such environments beyond their role as migratory corridors to the Pacific 
Ocean. 
 

Chittenden, C. M., Beamish, R. J., Neville, C. M., Sweeting, R. M., & McKinley, R. S. 
(2009). The use of acoustic tags to determine the timing and location of the juvenile 
coho salmon migration out of the Strait of Georgia, Canada. Transactions of the 
American Fisheries Society, 138(6), 1220–1225. doi:10.1577/T09-037.1 
The migration of juvenile coho salmon Oncorhynchus kisutch out of the Strait of Georgia 
in 2006 was investigated by means of acoustic telemetry. During July and September, 
173 juvenile coho salmon were caught in the strait with a purse seine, surgically 
implanted with acoustic tags, and released the same day. In 2006, approximately 19% of 
the fish tagged in July and 52% of those tagged in September left the Strait of Georgia. 
Most of these fish did so in October and November through Juan de Fuca Strait and not 
by a northward migration through Queen Charlotte Strait. This movement was several 
months later than that observed for coho salmon migrating out of Puget Sound. A small 
number of coho salmon that moved out of the Strait of Georgia migrated south to areas 
off the coast of Washington and Oregon. The documentation of a movement out of the 
Strait of Georgia late in the year was important, as it shows that population changes of 
the juvenile coho salmon that enter the strait during spring and summer are a 
consequence of ecosystem-related effects within the strait. 
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Chittenden, C. M., Jensen, J. L. A., Ewart, D., Anderson, S., Balfry, S., Downey, E., Eaves, 
A., Saksida, S., Smith, B., & McKinley, R. S. (2010). Recent salmon declines: A 
result of lost feeding opportunities due to bad timing? PLoS ONE, 5(8), e12423. 
doi:10.1371/journal.pone.0012423 
As the timing of spring productivity blooms in near-shore areas advances due to warming 
trends in global climate, the selection pressures on out-migrating salmon smolts are 
shifting. Species and stocks that leave natal streams earlier may be favoured over later-
migrating fish. The low post-release survival of hatchery fish during recent years may be 
in part due to static release times that do not take the timing of plankton blooms into 
account. This study examined the effects of release time on the migratory behaviour and 
survival of wild and hatchery-reared coho salmon (Oncorhynchus kisutch) using acoustic 
and coded-wire telemetry. Plankton monitoring and near-shore seining were also 
conducted to determine which habitat and food sources were favoured. Acoustic tags 
(n = 140) and coded-wire tags (n = 266,692) were implanted into coho salmon smolts at the 
Seymour and Quinsam Rivers, in British Columbia, Canada. Differences between wild 
and hatchery fish, and early and late releases were examined during the entire lifecycle. 
Physiological sampling was also carried out on 30 fish from each release group. The 
smolt-to-adult survival of coho salmon released during periods of high marine 
productivity was 1.5- to 3-fold greater than those released both before and after, and the 
fish’s degree of smoltification affected their downstream migration time and duration of 
stay in the estuary. Therefore, hatchery managers should consider having smolts fully 
developed and ready for release during the peak of the near-shore plankton blooms. 
Monitoring chlorophyll a levels and water temperature early in the spring could provide a 
forecast of the timing of these blooms, giving hatcheries time to adjust their release 
schedule. 
 

Chittenden, C. M., Melnychuk, M. C., Welch, D. W., & McKinley, R. S. (2010). An 
investigation into the poor survival of an endangered coho salmon population. PLoS 
ONE, 5(5), e10869. doi:10.1371/journal.pone.0010869 
To investigate reasons for the decline of an endangered population of coho salmon (O. 
kisutch), 190 smolts were acoustically tagged during three consecutive years and their 
movements and survival were estimated using the Pacific Ocean Shelf Tracking project 
(POST) array. Median travel times of the Thompson River coho salmon smolts to the 
lower Fraser River sub-array were 16, 12 and 10 days during 2004, 2005 and 2006, 
respectively. Few smolts were recorded on marine arrays. Freshwater survival rates of the 
tagged smolts during their downstream migration were 0.0–5.6% (0.0–9.0% s.e.) in 2004, 
7.0% (6.2% s.e.) in 2005, and 50.9% (18.6% s.e.) in 2006. Overall smolt-to-adult return 
rates exhibited a similar pattern, which suggests that low freshwater survival rates of out-
migrating smolts may be a primary reason for the poor conservation status of this 
endangered coho salmon population. 
 

Chittenden, C. M., Sura, S., Butterworth, K. G., Cubitt, K. F., Plantalech Manel-la, N., 
Balfry, S., Okland, F., & McKinley, R. S. (2008). Riverine, estuarine and marine 
migratory behaviour and physiology of wild and hatchery-reared coho salmon 
Oncorhynchus kisutch (Walbaum) smolts descending the Campbell River, BC, 
Canada. Journal of Fish Biology, 72(3), 614–628. doi:10.1111/j.1095-
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8649.2007.01729.x 
Eighty coho salmon Oncorhynchus kisutch smolts (40 wild and 40 hatchery-reared) were 
surgically implanted with acoustic transmitters and released into the Quinsam River over 
2 days. Differences in physiology, travel time and migratory behaviour were examined 
between wild and hatchery-reared fish. In addition, tagged and control fish of both wild 
and hatchery-reared stock were raised for 3 months following surgery to compare 
survival and tag retention. Detection ranges of the acoustic receivers were tested in the 
river, estuary and ocean in a variety of flow conditions and tide levels. Receivers were 
placed in the river, estuary and up to 50 km north and south from the river mouth in the 
marine environment. Wild smolts were significantly smaller by mass, fork length and 
condition factor than hatchery-reared smolts and exhibited significantly higher levels of 
sodium, potassium and chloride in their blood plasma than hatchery-reared smolts. The 
gill Na+K+-ATPase activity was also significantly higher in the wild coho smolts at the 
time of release. Ninety-eight per cent of wild and 80% of hatchery-reared fish survived to 
the estuary, 8 km downstream of the release site. No difference was found in migration 
speed, timing or survival between smolts released during daylight and those released after 
dark. Wild smolts, however, spent less time in the river and estuary, and as a result 
entered the ocean earlier than hatchery-reared smolts. Average marine swimming speeds 
for wild smolts were double those of their hatchery-reared counterparts. While hatchery 
smolts dispersed in both a northward and southward direction upon entering the marine 
environment, the majority of wild smolts travelled north from the Campbell River 
estuary. The wild coho salmon smolts were more physiologically fit and ready to enter 
sea water than the hatchery-reared smolts, and as a result had higher early survival rates 
and swimming speeds. 
 

Cieciel, K., Farley Jr, E. V., & Eisner, L. B. (2009). Jellyfish and juvenile salmon 
associations with oceanographic characteristics during warm and cool years in the 
eastern Bering Sea. North Pacific Anadromous Fish Commission Bulletin, 5, 209–
224. 
We explored possible associations between jellyfish biomass (Aequorea spp., Aurelia 
labiata, Chrysaoramelanaster, and Cyanea capillata), juvenile salmon (Oncorhynchus 
keta, O. nerka, O. gorbuscha, O. kisutch, and O. tshawytscha) abundance, and 
oceanographic characteristics (temperature, salinity, chlorophyll-a, and bottom depth) 
during two warm years (2004, 2005) and two cool years (2006, 2007) in the eastern 
Bering Sea from the annual Bering-Aleutian Salmon International Surveys (US BASIS). 
A significant difference was observed in the mean relative biomass of the four jellyfish 
species in response to the various conditions in warm versus cool years. Our results 
indicated that juvenile O. tshawytscha were significantly associated with cooler 
temperatures in only cool years and shallower bottom depths in all years. Juvenile O. 
kisutch were associated with shallower than average bottom depths for all years and 
juvenile O. keta had only cool-year associations with lower salinities and shallower 
bottom depths. Similar spatial distributions were seen between jellyfish and juvenile 
salmon, suggesting the possibility of competition. Immature O. keta were significantly 
associated with the same physical ocean factors as Aequorea spp. during fall warm years, 
indicating a potential for interaction. 
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Claiborne, A. M., Fisher, J. P., Hayes, S. A., & Emmett, R. L. (2011). Size at release, size-
selective mortality, and age of maturity of Willamette River hatchery yearling 
Chinook salmon. Transactions of the American Fisheries Society, 140(4), 1135–1144. 
doi:10.1080/00028487.2011.607050 
We analyzed scales from returning Willamette River yearling Chinook salmon 
Oncorhynchus tshawytscha to explore the effects of size at release on subsequent adult 
returns. We tested the hypothesis that survival to adulthood is independent of size at 
ocean entry for yearling Chinook salmon. Significant size-selective mortality, indicated 
by a larger size at ocean entry among surviving adults than among all released juveniles, 
was observed for Chinook salmon released in 2002–2004 but not for those released in 
2005. Juvenile Chinook salmon released in 2002–2004 that entered the ocean at less than 
150 mm in fork length were underrepresented in the returning adult populations. We also 
investigated the relationships between age at maturity and size at ocean entry, timing of 
release, circulus spacing, and size at the end of the first ocean year. We observed 
significant differences in fork length at the end of the first ocean winter among returning 
age-4, -5, and -6 Chinook salmon; the younger returning fish were larger after their first 
year of ocean growth. Fork length at ocean entry and average first-ocean-year circulus 
spacing were significantly greater for age-4 than for age-5 and age-6 Chinook salmon but 
were similar for age-5 and age-6 fish. Our analyses indicate that yearling Chinook salmon 
may experience size-selective mortality, although the relationship between the intensity 
of size-selective mortality and smolt-to-adult survival remains unclear.  

 
Claxton, A., Jacobson, K. C., Bhuthimethee, M., Teel, D., & Bottom, D. (2013). Parasites in 

subyearling Chinook salmon (Oncorhynchus tshawytscha) suggest increased habitat 
use in wetlands compared to sandy beach habitats in the Columbia River estuary. 
Hydrobiologia, 717(1), 27–39. doi:10.1007/s10750-013-1564-z 
Many estuaries in the Pacific Northwest have been severely altered reducing wetlands 
habitat and resulting in an interest in their importance as rearing areas for juvenile 
salmon. To examine differences in habitat use during residency in the Columbia River 
estuary, we examined parasite communities acquired through food web interactions in 
subyearling Chinook salmon (Oncorhynchus tshawytscha) collected from four different 
habitat types in May and July of 2004 and 2005. Collections were made from two sandy 
bottom habitat types in the tidal freshwater and marine mixing areas of the estuary. These 
were compared to two wetlands types: one composed of scrub and shrub vegetation and 
another with emergent vegetation. Parasite assemblages differed among habitats 
suggesting differences in salmon feeding opportunities and rearing behaviors. In both 
years, the nematode, Hysterothylacium aduncum and the acanthocephalan, 
Echinorhynchus lageniformis, which use intermediate hosts found in the estuary, were 
more prevalent in lower wetlands suggesting increased feeding by salmon in these 
habitats. The differences in parasite assemblages among habitats suggests a variety of 
rearing and migration patterns through the Columbia River estuary and the increased 
prevalences of some parasites in the wetlands show that these habitats can be important 
feeding grounds for salmon. 
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Ruggerone, G. T., & Krkošek, M. (2012). Migration links ocean-scale competition 
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and local ocean conditions with exposure to farmed salmon to shape wild salmon 
dynamics. Conservation Letters, 5(4), 304–312. doi:10.1111/j.1755-263X.2012.00244.x 
Climate, competition, and disease are well-recognized drivers of population dynamics. 
These stressors can be intertwined by animal migrations, leading to uncertainty about the 
roles of natural and anthropogenic factors in conservation and resource management. We 
quantitatively assessed the four leading hypotheses for an enigmatic long-term decline in 
productivity of Canada’s iconic Fraser River sockeye salmon: (1) delayed density-
dependence, (2) local oceanographic conditions, (3) pathogen transmission from farmed 
salmon, and (4) ocean-basin scale competition with pink salmon. Our findings suggest 
that the long-term decline is primarily explained by competition with pink salmon, which 
can be amplified by exposure to farmed salmon early in sockeye marine life, and by a 
compensatory interaction between coastal ocean temperature and farmed-salmon 
exposure. These correlative relationships suggest oceanic-scale processes, which are 
beyond the reach of current regulatory agencies, may exacerbate local ecological 
processes that challenge the coexistence of fisheries and aquaculture-based economies in 
coastal seas. 
 

Connors, B. M., Hargreaves, N. B., Jones, S. R. M., & Dill, L. M. (2010). Predation 
intensifies parasite exposure in a salmonid food chain. Journal of Applied Ecology, 
47(6), 1365–1371. doi:10.1111/j.1365-2664.2010.01887.x 
1. Parasites can influence ecosystem structure, function and dynamics by mediating 
predator–prey interactions. Recurrent infestations of the salmon louse Lepeophtheirus 
salmonis associated with salmon aquaculture may mediate interactions between juvenile 
salmonids. Louse infection increases pink salmon Oncorhynchus gorbuscha 
susceptibility to predation, resulting in the trophic transmission of lice (with an adult 
male bias) to coho salmon O. kisutch predators. While experimental evidence is 
accumulating, the extent to which trophic transmission structures the distribution of lice 
among juvenile salmon in the wild is unknown. 2. We used a hierarchical modelling 
approach to examine the abundance and sex ratio of salmon lice on juvenile pink and 
coho salmon, collected from a region of salmon aquaculture during sea louse infestations, 
to test the hypothesis that trophic transmission of salmon lice increases infection on coho 
that feed upon infected pink salmon prey. 3. As predicted, coho had higher adult and pre-
adult louse abundance than their pink salmon prey, and louse abundance was more adult 
male biased on predators than sympatric prey. We estimate that trophic transmission 
accounts for 53–67% of pre-adult and adult louse infection on coho. 4. Synthesis and 
applications. These results suggest that, by evading predation, salmon lice can 
accumulate up juvenile salmon food webs. Predators, such as coho, can experience a two- 
to threefold increase in parasite exposure through predation on infected prey than would 
otherwise occur through passive exposure to infective larvae. Thus, predation may 
intensify parasite exposure and undermine the protection to ectoparasites conferred by the 
larger body size of predators. For larger predatory wild juvenile salmon, the risk of louse 
transmission from farmed salmon may therefore be greater than previously appreciated. 
These findings argue for an ecosystem perspective in monitoring and managing the 
marine environment in areas of intensive salmon aquaculture that includes the 
productivity and ecological interactions of all salmonid species. 
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Connors, B. M., Krkošek, M., & Dill, L. M. (2008). Sea lice escape predation on their host. 
Biology Letters, 4(5), 455–457. doi:10.1098/rsbl.2008.0276 
Parasites seldom have predators but often fall victim to those of their hosts. How 
parasites respond to host predation can have important consequences for both hosts and 
parasites, though empirical investigations are rare. The exposure of wild juvenile salmon 
to sea lice (Lepeophtheirus salmonis) from salmon farms allowed us to study a novel 
ecological interaction: the response of sea lice to predation on their juvenile pink and 
chum salmon hosts by two salmonid predators—coho smolts and cut-throat trout. In 
approximately 70% of trials in which a predator consumed a parasitized prey, lice 
escaped predation by swimming or moving directly onto the predator. This trophic 
transmission is strongly male biased, probably because behaviour and morphology 
constrain female movement and transmission. These findings highlight the potential for 
sea lice to be transmitted up marine food webs in areas of intensive salmon aquaculture, 
with implications for louse population dynamics and predatory salmonid health. 
 

Connors, B. M., Krkošek, M., Ford, J., & Dill, L. M. (2010). Coho salmon productivity in 
relation to salmon lice from infected prey and salmon farms. Journal of Applied 
Ecology, 47(6), 1372–1377. doi:10.1111/j.1365-2664.2010.01889.x 
1. Pathogen transmission from open net-pen aquaculture facilities can depress sympatric 
wild fish populations. However, little is known about the effects of pathogen transmission 
from farmed fish on species interactions or other ecosystem components. Coho salmon 
Oncorhynchus kisutch smolts are susceptible hosts to the parasitic salmon louse 
Lepeophtheirus salmonis as well as a primary predator of juvenile pink Oncorhynchus 
gorbuscha salmon, a major host species for lice. 2. We used a hierarchical model of 
stock-recruit dynamics to compare coho salmon population dynamics across a region that 
varies in salmon louse infestation of juvenile coho and their pink salmon prey. 3. During 
a period of recurring salmon louse infestations in a region of open net-pen salmon farms, 
coho salmon productivity (recruits per spawner at low spawner abundance) was 
depressed approximately sevenfold relative to unexposed populations. Alternate 
hypotheses for the observed difference in productivity, such as declines in coho prey, 
perturbations to freshwater habitat or stochasticity, are unlikely to explain this pattern. 4. 
Lice parasitizing juvenile coho salmon were likely to be trophically transmitted during 
predation on parasitized juvenile pink salmon as well as directly transmitted from salmon 
farms. 5. Synthesis and applications. The finding that species interactions may cause the 
effects of pathogen transmission from farmed to wild fish to propagate up a marine food 
web has important conservation implications: (i) the management of salmon aquaculture 
should consider and account for species interactions and the potential for these 
interactions to intensify pathogen transmission from farmed to wild fish, (ii) the 
ecosystem impact of louse transmission from farmed to wild salmon has likely to have 
been previously underestimated and (iii) comprehensive monitoring of wild salmon and 
their population dynamics in areas of intensive salmon aquaculture should be a priority to 
determine if open net-pen salmon aquaculture is ecologically sustainable. 
 

Coyle, K. O., Eisner, L. B., Mueter, F. J., Pinchuk, A. I., Janout, M. A., Cieciel, K. D., 
Farley, E. V., & Andrews, A. G. (2011). Climate change in the southeastern Bering 
Sea: impacts on pollock stocks and implications for the oscillating control 
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hypothesis. Fisheries Oceanography, 20(2), 139–156. doi:10.1111/j.1365-
2419.2011.00574.x 
Concern about impacts of climate change in the Bering Sea prompted several research 
programs to elucidate mechanistic links between climate and ecosystem responses. 
Following a detailed literature review, Hunt et al. (2011) (Deep-Sea Res. II, 49, 2002, 
5821) developed a conceptual framework, the Oscillating Control Hypothesis (OCH), 
linking climate-related changes in physical oceanographic conditions to stock recruitment 
using walleye pollock (Theragra chalcogramma) as a model. The OCH conceptual model 
treats zooplankton as a single box, with reduced zooplankton production during cold 
conditions, producing bottom-up control of apex predators and elevated zooplankton 
production during warm periods leading to top-down control by apex predators. A recent 
warming trend followed by rapid cooling on the Bering Sea shelf permitted testing of the 
OCH. During warm years (2003–06), euphausiid and Calanus marshallae populations 
declined, post-larval pollock diets shifted from a mixture of large zooplankton and small 
copepods to almost exclusively small copepods, and juvenile pollock dominated the diets 
of large predators. With cooling from 2006–09, populations of large zooplankton 
increased, post-larval pollock consumed greater proportions of C. marshallae and other 
large zooplankton, and juvenile pollock virtually disappeared from the diets of large 
pollock and salmon. These shifts in energy flow were accompanied by large declines in 
pollock stocks attributed to poor recruitment between 2001 and 2005. Observations 
presented here indicate the need for revision of the OCH to account for shifts in energy 
flow through differing food-web pathways due to warming and cooling on the 
southeastern Bering Sea shelf. 
 

Cross, A. D., Beauchamp, D. A., Moss, J. H., & Myers, K. W. (2009). Interannual 
variability in early marine growth, size-selective mortality, and marine survival for 
Prince William Sound pink salmon. Marine and Coastal Fisheries, 1(1), 57–70. 
doi:10.1577/C08-005.1 
The main objective of this study was to use scale patterns to compare the early marine 
growth of the average pink salmon Oncorhynchus gorbuscha with that of fish from the 
same year-class that survived to adulthood to gain insight on critical periods for growth 
and survival. During 2001–2004, pink salmon that survived to adulthood were larger and 
grew faster than the average juvenile throughout the first growing season, indicating that 
larger, faster-growing juveniles experienced higher survival. Growth rate declined from 
mid–late June to early–mid-July for both juveniles at-large and fish that survived to 
adulthood. The adult survivors then grew at a faster rate than the average juvenile 
through September. Both the juvenile pink salmon population at-large and all cohorts that 
survived to adulthood grew at a faster rate during high-survival years than low-survival 
years from mid–late June to mid–late August. Greater variability in the growth 
trajectories of surviving adults was observed during high-survival years, potentially a 
result of diversified feeding or distribution strategies. This study supports findings that 
significant size-selective mortality of juvenile pink salmon occurs after the first growing 
season. Investigating the timing and magnitude of size-selective mortality on juvenile 
pink salmon during their first growing season is an initial step toward understanding the 
processes regulating growth and survival. 
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Cross, A. D., Beauchamp, D. A., Myers, K. W., & Moss, J. H. (2008). Early marine growth 
of pink salmon in Prince William Sound and the coastal Gulf of Alaska during years 
of low and high survival. Transactions of the American Fisheries Society, 137(3), 
927–939. doi:10.1577/T07-015.1 
Although early marine growth has repeatedly been correlated with overall survival in 
Pacific salmon Oncorhynchus spp., we currently lack a mechanistic understanding of 
smolt-to-adult survival. Smolt-to-adult survival of pink salmon O. gorbuscha returning to 
Prince William Sound was lower than average for juveniles that entered marine waters in 
2001 and 2003 (3% in both years), and high for those that entered the ocean in 2002 (9%) 
and 2004 (8%). We used circulus patterns from scales to determine how the early marine 
growth of juvenile pink salmon differed (1) seasonally during May-October, the period 
hypothesized to be critical for survival; (2) between years of low and high survival; and 
(3) between hatchery and wild fish. Juvenile pink salmon exhibited larger average size, 
migrated onto the continental shelf and out of the sampling area more quickly, and 
survived better during 2002 and 2004 than during 2001 and 2003. Pink salmon were 
consistently larger throughout the summer and early fall during 2002 and 2004 than 
during 2001 and 2003, indicating that larger, faster-growing juveniles experienced higher 
survival. Wild juvenile pink salmon were larger than hatchery fish during low-survival 
years, but no difference was observed during high-survival years. Differences in size 
among years were determined by some combination of growing conditions and early 
mortality, the strength of which could vary significantly among years. 
 

Daly, E. A., Auth, T. D., Brodeur, R. D., & Peterson, W. T. (2013). Winter ichthyoplankton 
biomass as a predictor of early summer prey fields and survival of juvenile salmon 
in the northern California Current. Marine Ecology Progress Series, 484, 203–217. 
doi:10.3354/meps10320 
Diets of juvenile coho Oncorhynchus kisutch and Chinook O. tshawytscha salmon are 
made up primarily of winter-spawning fish taxa in the late-larval and early juvenile 
stages that are undersampled in plankton and larger trawl nets. Although we have no 
direct measure of the availability of fish prey important to juvenile salmon during early 
marine residence, we do have data on the larval stage of their prey that may be used as a 
surrogate for the later stages. Data on these prey items were obtained from 
ichthyoplankton samples collected along the Newport Oregon Hydrographic line 
(44.65°N) during January–March in 1998–2010. We explored winter biomass of prey fish 
larvae as a potential indicator of marine feeding conditions for young salmon the 
following spring. The proportion of total winter ichthyoplankton biomass considered to 
be common salmon fish prey fluctuated from 13.9% in 2006 to 95.0% in 2000. The 
relationship between biomass of fish larvae in winter and subsequent coho salmon 
survival was highly significant (r2 = 50.0, p = 0.004). When the 2 outlier years of 1998 
(El Niño) and 1999 (La Niña) were removed, this relationship was also highly significant 
for spring Chinook (r2 = 70.7, p = 0.0002) and significant for fall Chinook salmon (r2 = 
34.0, p = 0.03) returns. Winter larval fish composition showed a high degree of overlap 
with juvenile salmon diets during May, but less overlap in June. Larval fishes appeared to 
be an early and cost-effective indicator of ocean ecosystem conditions and future juvenile 
salmon survival. 
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Daly, E. A., Benkwitt, C. E., Brodeur, R. D., Litz, M. N. C., & Copeman, L. A. (2010). Fatty 
acid profiles of juvenile salmon indicate prey selection strategies in coastal marine 
waters. Marine Biology, 157(9), 1975–1987. doi:10.1007/s00227-010-1466-9 
Juvenile salmon exhibit high growth rates upon their arrival into the marine environment. 
Dietary changes from freshwater and estuarine habitats to those derived from the marine 
environment may play an important role in ultimate adult survival. We measured the total 
lipid and fatty acid (FA) composition of juvenile Chinook salmon (Oncorhynchus 
tshawytscha), coho salmon (O. kisutch), and 18 of their potential prey items sampled 
from coastal waters during their first few months at sea. Coho salmon had significant 
reductions in their lipid content (% wet weight) between May and June, likely due to 
early marine growth. We did not find a significant drop between May and June Chinook 
salmon lipid content, which may indicate an earlier ontogenetic selection to marine prey 
that are higher in lipids and essential fatty acids (EFAs). Juvenile salmon ate prey of both 
high and low lipids. Significant FA compositional changes occurred for both coho and 
Chinook salmon between May and June. In May, the FA profile of juvenile salmon, 
especially coho salmon, did not resemble their prey items; however, in June, there was a 
strong correlation between salmon and their common fish prey as determined by gut 
content analysis. Significant increases in the level of EFAs, especially docosahexaenoic 
acid (DHA, 22:6n-3) accounted for the majority of the monthly differences in salmon 
tissue FA composition. In order for juvenile salmon to adequately meet their 
physiological requirements, they may have adapted to select advantageous prey with 
higher levels of EFAs, especially DHA, in order to rapidly increase their growth and 
ultimate survival. 
 

Daly, E. A., Brodeur, R. D., Fisher, J. P., Weitkamp, L. A., Teel, D. J., & Beckman, B. R. 
(2012). Spatial and trophic overlap of marked and unmarked Columbia River Basin 
spring Chinook salmon during early marine residence with implications for 
competition between hatchery and naturally produced fish. Environmental Biology 
of Fishes, 94(1), 117–134. doi:10.1007/s10641-011-9857-4 
Ecological interactions between natural and hatchery juvenile salmon during their early 
marine residence, a time of high mortality, have received little attention. These 
interactions may negatively influence survival and hamper the ability of natural 
populations to recover. We examined the spatial distributions and size differences of both 
marked (hatchery) and unmarked (a high proportion of which are natural) juvenile 
Chinook salmon in the coastal waters of Oregon and Washington from May to June 
1999–2009. We also explored potential trophic interactions and growth differences 
between unmarked and marked salmon. Overlap in spatial distribution between these 
groups was high, although catches of unmarked fish were low compared to those of 
marked hatchery salmon. Peak catches of hatchery fish occurred in May, while a 
prolonged migration of small unmarked salmon entered our study area toward the end of 
June. Hatchery salmon were consistently longer than unmarked Chinook salmon 
especially by June, but unmarked salmon had significantly greater body condition (based 
on length-weight residuals) for over half of the May sampling efforts. Both unmarked and 
marked fish ate similar types and amounts of prey for small (station) and large (month, 
year) scale comparisons, and feeding intensity and growth were not significantly different 
between the two groups. There were synchronous interannual fluctuations in catch, 
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length, body condition, feeding intensity, and growth between unmarked and hatchery 
fish, suggesting that both groups were responding similarly to ocean conditions. 
 

Daly, E. A., Brodeur, R. D., & Weitkamp, L. A. (2009). Ontogenetic shifts in diets of 
juvenile and subadult Coho and Chinook Salmon in coastal marine waters: 
important for marine survival? Transactions of the American Fisheries Society, 
138(6), 1420–1438. doi:10.1577/T08-226.1 
Successfully shifting to a more piscivorous diet may be an important factor in the growth 
and survival of juvenile coho salmon Oncorhynchus kisutch and Chinook salmon O. 
tshawytscha during their first summer in the northern California Current. Nonmetric 
multidimensional scaling and cluster analysis of diets by size showed several distinct 
groupings as the salmon grew during their first marine summer. These size-based diet 
differences were clearly driven by increased rates of piscivory for both species. Fish prey 
composition, feeding intensity, and fish prey–predator length ratios all significantly 
increased for coho salmon at approximately 240 mm fork length when they changed from 
diets dominated by juvenile rockfishes Sebastes spp., the larvae of crabs Cancer spp., and 
adult euphausiids to one of predominantly juvenile forage fish. As Chinook salmon grew, 
they gradually increased the proportional contribution (by weight) of fish prey in their 
diets—from 55% in the smallest length-class examined (80–100 mm) to 95% in the 
largest one (>375 mm). Chinook salmon fed in the same marine environments as coho 
salmon and consistently ate more and longer fish prey at a given size than coho salmon 
but had lower overall feeding intensity, perhaps owing to a higher level of prey selection. 
Relating subsequent interannual adult salmon returns to juvenile diets showed mixed 
results. During lower-survival years, coho salmon ate fewer and smaller fish prey, while 
subyearling Chinook salmon had less total food and more empty stomachs. We did not 
find consistent trophic patterns for yearling Chinook salmon in relation to their ultimate 
survival. 

 
Daly, E. A., Scheurer, J. A., Brodeur, R. D., Weitkamp, L. A., Beckman, B. R., & Miller, J.  

A. (2014). Juvenile Steelhead distribution, migration, feeding, and growth in the 
Columbia River estuary, plume, and coastal waters. Marine and Coastal Fisheries: 
Dynamics, Management, and Ecosystem Science.  
Relative to extensive research on the freshwater stages of steelhead Oncorhynchus mykiss 
life history, little is known about the species’ estuarine and early marine phases despite 
the decline of numerous populations, including several from the Columbia River. The 
distribution, diet, and growth of juvenile steelhead collected during surveys of the 
Columbia River estuary and coastal waters in May, June, and September 1998–2011 were 
analyzed for comparisons between fish caught in the estuary and ocean and between 
hatchery (marked) and putative wild (unmarked) fish. Almost all catches of juvenile 
steelhead in the ocean occurred during the May surveys (96%). Juvenile steelhead were 
consistently caught at the westernmost stations ( > 55 km from shore), indicating an 
offshore distribution. Based on otolith structure and chemistry, we determined that these 
juveniles had been in marine waters for an average of only 9.8 d (SD = 10.2). Some of 
the steelhead that had been in marine waters for 1–33 d were captured at the westernmost 
edge of survey transects, indicating rapid offshore migration. Estuary-caught fish ate 
fewer prey types and consumed far less food than did ocean-caught fish, which ate a 
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variety of prey, including juvenile fishes, euphausiids, and crab megalopae. Estuary- and 
ocean-caught unmarked fish exhibited higher feeding intensities, fewer empty stomachs, 
and better condition than hatchery fish. Growth hormone levels (insulin-like growth 
factor 1 [IGF-1]) in unmarked fish and hatchery fish varied annually, with unmarked fish 
having slightly higher overall values. In general, the FL, condition, stomach fullness, and 
IGF-1 of ocean-caught steelhead increased with distance offshore. Unlike juveniles of 
other salmonid species, steelhead appeared to quickly migrate westward from coastal 
rivers and showed patterns of increased feeding and growth in offshore waters. An 
understanding of the estuarine and ocean ecology of steelhead smolts may assist in the 
management of threatened steelhead populations. 

 
Davis, N. D., Myers, K. W., & Fournier, W. J. (2009). Winter food habits of Chinook 

salmon in the eastern Bering Sea. North Pacific Anadromous Fish Commission 
Bulletin, 5, 243–253. 
This is the first study of winter diets of Chinook salmon in the eastern Bering Sea. We 
analyzed Chinook salmon stomach samples collected by U.S. observers on board 
commercial groundfish trawlers from January to March and July to August, 2007. The 
proportion of empty stomachs was higher in winter (45%) than summer (8%), suggesting 
longer time periods between meals in winter. Diversity of squid species in Chinook 
salmon diets was higher in winter than summer, when more fish, particularly juvenile 
walleye pollock, were consumed. All age groups of Chinook salmon collected in winter 
consumed fish offal, likely generated by fishery catch processing activities, however, fish 
offal was not observed in summer samples. In winter, the ratio of euphausiids and fish 
offal weight to Chinook salmon body weight was significantly higher in samples 
collected at shallow depths (< 200 m), and the ratio of squid was significantly higher in 
salmon collected at deeper depths (201–600 m). The ratio of euphausiids to fish body 
weight was significantly higher in immature than maturing Chinook salmon. 
 

Duffy, E. J., & Beauchamp, D. A. (2008). Seasonal patterns of predation on juvenile Pacific 
salmon by anadromous cutthroat trout in Puget Sound. Transactions of the 
American Fisheries Society, 137(1), 165–181. doi:10.1577/T07-049.1 
In the marine environment, Pacific salmon Oncorhynchus spp. suffer the greatest natural 
losses during early marine residence, and predation is hypothesized to be the key source 
of mortality during this life history stage. In the face of recent declines in Puget Sound 
salmon populations, our goal was to determine the extent of predation mortality on 
salmon during early marine life. In spring and summer of 2001-2003, we caught juvenile 
salmon and potential predators at nearshore areas in northern and southern regions of 
Puget Sound, Washington. We focused on the potential predation impact of coastal 
cutthroat trout O. clarkii clarkii, which were caught in low but consistent numbers in both 
regions and were the most abundant large-bodied potential predators of juvenile salmon 
in our catches. Cutthroat trout consumed a diverse and dynamic array of diet items and 
became increasingly piscivorous with increasing fork length above 140 mm. Cutthroat 
trout consumed a greater biomass of Pacific herring Clupea pallasii than any other prey 
fish species, but juvenile salmon were particularly important prey between April and 
June, making up greater than 50% of the fish prey consumed. Cutthroat trout exhibited 
size-selective predation, eating salmon that were smaller than the average size of 
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conspecific prey available in the environment. For a hypothetical size-structured 
population of 1,000 cutthroat trout, pink salmon O. gorbuscha and chum salmon O. keta 
contributed the greatest number of salmon to the diet but Chinook salmon O. tshawytscha 
contributed the greatest salmonid biomass. On an order-of-magnitude basis, these 
predation estimates represented a relatively minor amount of early marine mortality for 
Chinook salmon and lower rates for the other salmon species. Conversely, juvenile 
salmon contributed significantly to the spring energy budget for cutthroat trout in Puget 
Sound. 
 

Duffy, E. J., & Beauchamp, D. A. (2011). Rapid growth in the early marine period 
improves the marine survival of Chinook salmon (Oncorhynchus tshawytscha) in 
Puget Sound, Washington. Canadian Journal of Fisheries and Aquatic Sciences, 
68(2), 232–240. doi:10.1139/F10-144 
We examined the effect of early marine entry timing and body size on the marine (smolt-
to-adult) survival of Puget Sound Chinook salmon (Oncorhynchus tshawytscha). We 
used data from coded wire tag release groups of hatchery Chinook salmon to test whether 
hatchery release date, release size, and size in offshore waters in July and September 
influenced marine survival. Marine survival was most strongly related to the average 
body size in July, with larger sizes associated with higher survivals. This relationship was 
consistent over multiple years (1997–2002), suggesting that mortality after July is 
strongly size-dependent. Release size and date only slightly improved this relationship, 
whereas size in September showed little relationship to marine survival. Specifically, fish 
that experienced the highest marine survivals were released before 25 May and were 
larger than 17 g (or 120 mm fork length) by July. Our findings highlight the importance 
of local conditions in Puget Sound (Washington, USA) during the spring and summer, 
and suggest that declines in marine survival since the 1980s may have been caused by 
reductions in the quality of feeding and growing conditions during early marine life. 

   
Duffy, E. J., Beauchamp, D. A., Sweeting, R. M., Beamish, R. J., & Brennan, J. S. (2010). 

Ontogenetic diet shifts of juvenile Chinook salmon in nearshore and offshore 
habitats of Puget Sound. Transactions of the American Fisheries Society, 139(3), 803–
823. doi:10.1577/T08-244.1 
Marine growth and survival of juvenile Chinook salmon Oncorhynchus tshawytscha 
depend in part on the quality and quantity of prey consumed during this potentially 
critical life stage; however, little is known about the early marine diet of these fish or 
factors that affect the diet’s variability. We examined the recent (2001–2007) dietary 
habits of Puget Sound, Washington, Chinook salmon (listed as threatened under the U.S. 
Endangered Species Act) during their first marine growing season (April–September). 
Juvenile Chinook salmon initially fed in nearshore marine habitats and then shifted to 
feed primarily offshore during July–September. Diet composition varied significantly 
among sampling regions (northern, central, and southern), habitats (nearshore, offshore), 
years, months, and fish size-classes. At nearshore sites, insects (all months) and 
gammarid amphipods (July) were dominant prey sources, whereas in offshore diets 
decapods (primarily crab larvae; July) and fish (September) were most important. 
Chinook salmon became increasingly piscivorous as they grew and ate fish with fork 
lengths up to 51% (nearshore) and 52% (offshore) of predator fork length. At nearshore 
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sites, Chinook salmon fed mainly on larval and juvenile Pacific sand lances Ammodytes 
hexapterus; offshore, they primarily ate juvenile and older Pacific herring Clupea 
pallasii. Overall, Chinook salmon had more diverse diets and ate higher-quality prey 
(insects) in northern nearshore and central offshore waters, whereas Chinook salmon 
caught in the southern nearshore and northern offshore waters had a lower proportion of 
empty stomachs but ate lower-quality prey (crustaceans). Annual variation in the 
composition of offshore prey appeared to be determined early in the growing season, 
suggesting that environmental factors (e.g., climate) affecting marine productivity might 
produce strong interannual trends in marine survival of Puget Sound Chinook salmon. In 
addition, the importance of insects as high-quality prey highlighted the terrestrial link to 
the marine feeding of Chinook salmon and suggests that shoreline development and land 
use changes will affect feeding opportunities for these fish in Puget Sound. 
 

Emmett, R. L., & Krutzikowsky, G. K. (2008). Nocturnal feeding of Pacific hake and jack 
mackerel off the mouth of the Columbia River, 1998-2004: Implications for juvenile 
salmon predation. Transactions of the American Fisheries Society, 137(3), 657–676. 
doi:10.1577/T06-058.1 
Predation by piscivorous marine fishes has been hypothesized to be a primary source of 
marine mortality for Pacific Northwest juvenile salmon. During the springs and summers 
of 1998-2004, we collected predator and prey fishes (forage and juvenile salmonids) at 
the surface at night off the mouth of the Columbia River. Pacific hake Merluccius 
productus had relatively low percentages of empty stomachs during cool-ocean years 
(2000 through 2002) and high percentages during 1998, a warm-ocean year. Euphausiids 
and fishes were the most commonly eaten prey for both species. Pacific hake and jack 
mackerel Trachurus symmetricus appeared to show some diet selectivity, eating some 
fish, including salmonids, in a higher proportion than found in the environment. Both 
Pacific hake and jack mackerel ate juvenile salmonids, but at very low amounts. After 
considering population sizes in the study area, these two predators do not appear to be 
responsible for the death of large numbers of Columbia River juvenile salmon smolts. 
However, we may have underestimated the number of salmonids eaten by hake and 
mackerel due to the limitations of our study. More work needs to be done to identify and 
quantify predation of juvenile salmon off the Pacific Northwest. 
 

Emmett, R. L., Krutzikowsky, G. K., & Bentley, P. (2006). Abundance and distribution of 
pelagic piscivorous fishes in the Columbia River plume during spring/early summer 
1998–2003: Relationship to oceanographic conditions, forage fishes, and juvenile 
salmonids. Progress in Oceanography, 68(1), 1–26. doi:10.1016/j.pocean.2005.08.001 
From 1998 to 2003, we observed large fluctuations in the abundance and distribution of 
four pelagic predatory (piscivorous) fishes off northern Oregon and southern 
Washington, USA. Fluctuations in predatory fish species composition and abundance 
were strongly linked to the date of the spring transition and to ocean temperatures. 
Predatory fishes, forage fishes, and juvenile salmonids had distinct spatial distributions, 
with predators distributed primarily offshore and forage fish and salmonids onshore, but 
this varied depending on ocean conditions. We suggest that predatory and forage fish 
distributions respond to ocean temperatures, predator/prey interactions, and possibly 
turbidity. A shift in ocean conditions in 1999 decreased overall predator fish abundance 
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in the Columbia River plume, particularly for Pacific hake. Marine survival of juvenile 
salmon started to increase in 1999, and forage fish densities increased in 2000, lagging by 
one year. 
 

Emmett, R. L., & Sampson, D. B. (2007). The relationships between predatory fish, forage 
fishes, and juvenile salmonid marine survival off the Columbia River: a simple 
trophic model analysis. CalCOFI Rep, 48, 92-105.  
A trophic model that simulates interactions between a predatory fish (Pacific hake, 
Merluccius productus), forage fish, and juvenile salmon off the Columbia River was 
constructed to identify if trophic interactions could account for marine mortality of 
Columbia River juvenile salmon. The model estimates the number of juvenile salmon 
that are eaten annually by Pacific hake off the Columbia River for a given hake and 
forage fish population. Model results indicate that the presence of high numbers of 
Pacific hake could account for high mortality of some juvenile salmonid species/stocks 
leaving the Columbia River, and that this mortality would be much reduced when forage 
fish are abundant. Estimates of hake and forage fish abundance, based on field data 
collected from 1998–2005, were used in the model to derive annual estimates of the 
number of salmon possibly eaten by hake. A multiple regression analysis using the output 
from the trophic model and average May/June Columbia River flows accounted for much 
of the annual variation in Columbia River fall Chinook (Oncorhynchus tshawytscha) and 
coho (O. kisutch) salmon marine survival (p < 0.05, R2 > 60%), but not spring or summer 
Chinook salmon. For these two stocks, average May/June sea-surface temperature was 
the best predictor of marine survival. Results support the hypothesis that for some 
Columbia River salmon species/stocks, marine survival is predation-driven and affected 
by the interaction between the abundance of Pacific hake, forage fish, Columbia River 
flows, and possibly ocean turbidity. Future modeling work should include predation 
estimates of other large fishes, marine mammals, and sea birds. 
 

Farley, E. V., & Moss, J. H. (2009). Growth rate potential of juvenile chum salmon on the 
eastern Bering Sea shelf: an assessment of salmon carrying capacity. North Pacific 
Anadromous Fish Commission Bulletin, 5, 265–277. 
Spatial and temporal variation in growing conditions for juvenile salmon may determine 
the survival of salmon after their first year at sea. To assess this aspect of habitat quality, 
a spatially explicit bioenergetics model was used to predict juvenile chum salmon 
(Oncorhynchus keta) growth rate potential (GRP) on the eastern Bering Sea shelf during 
years with cold and warm spring sea surface temperatures (SSTs). Annual averages of 
juvenile chum salmon GRP were generally lower among years and regions with cold 
spring SSTs. In addition, juvenile chum salmon GRP was generally higher in offshore 
than in nearshore regions of the eastern Bering Sea shelf during years with warm SSTs; 
however, the distribution (catch per unit effort) of juvenile chum salmon was not 
significantly (P< 0.05) related to GRP. Shifts from warm to cold SSTs in the northern 
region do not appear to affect summer abundance of juvenile Yukon River chum salmon, 
whereas the abundance of juvenile Kuskokwim River chum salmon drops precipitously 
during years with cold SSTs. From this result, we hypothesize that size-selective 
predation is highest on juvenile Kuskokwim chum salmon during cold years, but that 
predation is not as great a factor for juvenile Yukon River chum salmon. Although not 
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addressed in this study, we also hypothesize that the smaller Yukon River chum salmon 
captured during years with cold SSTs likely incur higher size-selective mortality during 
winter. 
 

Farley, E. V., Murphy, J. M., Adkison, M. D., Eisner, L. B., Helle, J. H., Moss, J. H., & 
Nielsen, J. (2007). Early marine growth in relation to marine-stage survival rates for 
Alaska sockeye salmon (Oncorhynchus nerka). Fishery Bulletin, 105(1), 121–130. 
We tested the hypothesis that larger juvenile sockeye salmon (Oncorhynchus nerka) in 
Bristol Bay, Alaska, have higher marine-stage survival rates than smaller juvenile 
salmon. We used scales from returning adults (33 years of data) and trawl samples of 
juveniles (n= 3572) collected along the eastern Bering Sea shelf during August through 
September 2000−02. The size of juvenile sockeye salmon mirrored indices of their 
marine-stage survival rate (e.g., smaller fish had lower indices of marine-stage survival 
rate). However, there was no relationship between the size of sockeye salmon after their 
first year at sea, as estimated from archived scales, and brood-year survival size was 
relatively uniform over the time series, possibly indicating size-selective mortality on 
smaller individuals during their marine residence. Variation in size, relative abundance, 
and marine-stage survival rate of juvenile sockeye salmon is likely related to ocean 
conditions affecting their early marine migratory pathways along the eastern Bering Sea 
shelf. 
 

Farley, E. V., Murphy, J. M., Adkison, M., & Eisner, L. (2007). Juvenile sockeye salmon 
distribution, size, condition and diet during years with warm and cool spring sea 
temperatures along the eastern Bering Sea shelf. Journal of Fish Biology, 71(4), 
1145–1158. doi:10.1111/j.1095-8649.2007.01587.x 
Interannual variations in distribution, size, indices of feeding and condition of juvenile 
Bristol Bay sockeye salmon Oncorhynchus nerka collected in August to September 
(2000–2003) during Bering–Aleutian Salmon International Surveys were examined to 
test possible mechanisms influencing their early marine growth and survival. Juvenile 
sockeye salmon were mainly distributed within the southern region of the eastern Bering 
Sea, south of 57°0′ N during 2000 and 2001 and farther offshore, south of 58°0′ N during 
2002 and 2003. In general, juvenile sockeye salmon were significantly larger (P < 0·05) 
and had significantly higher indices of condition (P < 0·05) during 2002 and 2003 than 
during 2000 and 2001. The feeding index was generally higher for age 1.0 year sockeye 
salmon than age 2.0 year during all years. Among-year comparisons suggested that 
Pacific sand lance Ammodytes hexapterus were important components of the juvenile 
sockeye salmon diet during 2000 and 2001 (20 to 50% of the mean wet mass) and age 0 
year walleye pollock Theragra chalcogramma were important components during 2002 
and 2003 (50 to 60% of the mean wet mass). Warmer sea temperatures during spring and 
summer of 2002 and 2003 probably increased productivity on the eastern Bering Sea 
shelf, enhancing juvenile sockeye salmon growth. 

 
Farley Jr, E. V., Murphy, J. M., Middleton, A., Eisner, L., Pohl, J., Ivanov, O., Kuznetsova, 

N., Cieciel, K., Courtney, M., & George, H. (2006). Eastern Bering Sea (BASIS) 
coastal research (August - October 2005) on juvenile salmon. North Pacific 
Anadromous Fish Commission Document, 992, 26 pp.  
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An eastern Bering Sea research cruise was conducted by National Marine Fisheries 
Service scientists from the Auke Bay Laboratory, Ocean Carrying Capacity program 
during August - October 2005 to study early marine distribution, migration, and growth 
of juvenile salmon (Oncorhynchus spp.) salmon on the eastern Bering Sea shelf. A total 
of 16,615 salmon were captured including juvenile pink (O. gorbuscha; 9.2%), chum (O. 
keta; 14.9%), sockeye (O. nerka; 69.8%), coho (O. kisutch; 0.9%), and chinook (O. 
tshawytscha; 2.5%) salmon; less than 3% of the catch consisted of immature and mature 
chum, sockeye, and chinook salmon. Juvenile pink and chum salmon were generally 
distributed north of 58°N with large catches occurring near Nunivak Island. Juvenile 
sockeye salmon were widely distributed within Bristol Bay (159°W) to as far east as 
170°W with the largest catches occurring within Bristol Bay and south of Nunivak 
Island. Juvenile coho and chinook salmon were distributed within nearshore waters less 
than 50-m depth from Bristol Bay to Norton Sound with the largest catches occurring 
within Bristol Bay. Greater than 75% (percent body weight) of the prey items found in 
juvenile salmon stomachs consisted of larval and juvenile fish with the exception of 
juvenile pink and chum salmon (approximately 53% and 67% larval and juvenile fish 
respectively). Analyses of plankton, and of salmon age, size, growth data, and genetic 
stock identification, will be done to gain additional information on the early marine 
ecology of salmon along the eastern Bering Sea shelf. 

 
Farley, E. V., Starovoytov, A., Naydenko, S., Heintz, R., Trudel, M., Guthrie, C., Eisner, L., 

& Guyon, J. R. (2011). Implications of a warming eastern Bering Sea for Bristol Bay 
sockeye salmon. ICES Journal of Marine Science: Journal du Conseil, 68(6), 1138–
1146. doi:10.1093/icesjms/fsr021 
Overwinter survival of Pacific salmon (Oncorhynchus sp.) is believed to be a function of 
size and energetic status they gain during their first summer at sea. We test this notion for 
Bristol Bay sockeye salmon (O. nerka), utilizing data from large-scale fisheries and 
oceanographic surveys conducted during mid-August to September 2002–2008 and from 
February to March 2009. The new data presented in this paper demonstrate size-selective 
mortality for Bristol Bay sockeye salmon between autumn and their first winter at sea. 
Differences in the seasonal energetic signatures for lipid and protein suggest that these 
fish are not starving, but instead the larger fish caught during winter apparently are 
utilizing energy stores to minimize predation. Energetic status of juvenile sockeye salmon 
was also strongly related to marine survival indices and years with lower energetic status 
apparently are a function of density-dependent processes associated with high abundance 
of juvenile sockeye salmon. Based on new information regarding eastern Bering Sea 
ecosystem productivity under a climate-warming scenario, we hypothesize that sustained 
increases in spring and summer sea temperatures may negatively affect energetic status of 
juvenile sockeye salmon, potentially resulting in increased overwinter mortality. 
 

Farley, E. V., & Trudel, M. (2009). Growth rate potential of juvenile sockeye salmon in 
warmer and cooler years on the Eastern Bering Sea Shelf. Journal of Marine 
Biology, 2009. doi:10.1155/2009/640215 
A spatially explicit bioenergetics model was used to predict juvenile sockeye salmon 
Oncorhynchus nerka growth rate potential (GRP) on the eastern Bering Sea shelf during 
years with cooler and warmer spring sea surface temperatures (SSTs). Annual averages 
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of juvenile sockeye salmon GRP were generally lower among years with cooler SSTs and 
generally higher in offshore than nearshore regions of the eastern Bering Sea shelf during 
years with warmer SSTs. Juvenile sockeye salmon distribution was significantly (P < 
.05) related to GRP and their prey densities were positively related to spring SST (P < 
.05). Juvenile sockeye salmon GRP was more sensitive to changes in prey density and 
observed SSTs during years when spring SSTs were warmer (2002, 2003, and 2005). Our 
results suggest that the pelagic productivity on the eastern Bering Sea shelf was higher 
during years with warmer spring SSTs and highlight the importance of bottom-up control 
on the eastern Bering Sea ecosystem. 
 

Fast, M. D., Johnson, S. C., & Jones, S. R. M. (2007). Differential expression of the pro-
inflammatory cytokines IL-1β-1, TNFα-1 and IL-8 in vaccinated pink 
(Oncorhynchus gorbuscha) and chum (Oncorhynchus keta) salmon juveniles. Fish & 
Shellfish Immunology, 22(4), 403–407. doi:10.1016/j.fsi.2006.06.012 

Laboratory-reared pink and chum salmon juveniles (∼2 g) received an intraperitoneal 

injection with a commercial, unadjuvanted Aeromonas salmonicida bacterin or sterile 
saline. Relative to elongation factor-1A, expression levels of genes encoding the 
proinflammatory cytokines interleukin-1β-1 (IL-1β), tumour necrosis factor-α-1 (TNFα) 
and interleukin-8 (IL-8) in pools of kidney and liver were examined 6- and 24-h after 
injection. Expression of IL-1β was significantly elevated in pink and chum salmon by 6-
h, and declined in pink salmon but not in chum salmon by 24-h. Similarly, expression of 
TNFα was significantly elevated in both species at 6 h and only in chum salmon after 24-
h. Expression of IL-8 was significantly elevated in both species at 6- and 24-h after 
injection. Expression of the three proinflammatory cytokine genes differed between 
salmon species both in the timing and magnitude of their expression. The significance of 
these differences with respect to immune function in these fish requires further research. 
 

Fisher, J. P., Trudel, M., Amman, A., Orsi, J. A., Piccolo, J. J., Bucher, C., Casillas, E., 
Harding, J. A., MacFarlane, R. B., Brodeur, R. D., Morris, J. F. T., & Welch, D. W. 
(2007). Comparisons of the coastal distributions and abundances of juvenile Pacific 
salmon from Central California to the northern Gulf of Alaska. American Fisheries 
Society Symposium, 57, 31–80. 
In this chapter, we describe the distributions and abundances of juvenile Chinook salmon 
Oncorhynchus tshawytscha, coho salmon O. kisutch, chum salmon O. keta, pink salmon 
O. gorbuscha, and sockeye salmon O. nerka in six regions along the west coast of North 
America from central California to the northern Gulf of Alaska during the early summer 
(June and July) and late summer–fall (August–November) of 2000, 2002, and 2004. We 
also describe fish abundance in relation to bottom depth and to the average temperature 
and salinity of the upper water column. Salmon were collected in rope trawls from the 
upper 15–20 m over the open coastal shelf. Catch per unit effort was standardized across 
the different regions. Subyearling Chinook salmon were found only from central 
California to British Columbia. Yearling Chinook salmon were widespread, but were 
most abundant between Oregon and Vancouver Island. Juvenile coho salmon were 
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widespread from northern California to the northern Gulf of Alaska, whereas chum, 
sockeye, and pink salmon were only abundant from Vancouver Island north into the Gulf 
of Alaska. Generally, the juveniles of the different salmon species were most abundant at, 
or north of, the latitudes at which the adults spawn. Abundances were particularly high 
near major exit corridors for fish migrating from freshwater or protected marine waters 
onto the open shelf. Seasonal latitudinal shifts in abundance of the juvenile salmon were 
generally consistent with the counterclockwise migration model of Hartt and Dell (1986). 
Subyearling Chinook salmon were associated with the high salinity environment found 
off California and Oregon, whereas chum, sockeye, and pink salmon were associated 
with the lower salinity environment in the Gulf of Alaska. However, within regions, 
evidence for strong temperature or salinity preferences among the different species was 
lacking. Subyearling Chinook salmon were most abundant in shallow, nearshore water. 
 

Fisher, J. P., Weitkamp, L. A., Teel, D. J., Hinton, S. A., Orsi, J. A., Farley, E. V., Morriss, 
J.  

F. T., Thiess, M. E., Sweeting, R. M., & Trudel, M. (2014). Early ocean dispersal 
patterns of Columbia River Chinook and coho salmon. Transactions of the American 
Fisheries Society, 143(1), 252–272. doi:10.1080/00028487.2013.847862  
Several evolutionarily significant units (ESUs) of Columbia River asin Chinook Salmon 
Oncorhynchus tshawytscha and Coho Salmon O. kisutch are listed as threatened or 
endangered under the U.S. Endangered Species Act. Yet little is known about the spatial 
and temporal distributions of these ESUs immediately following ocean entry, when year-
class success may be determined. We documented differences in dispersal patterns during 
the early ocean period among groups defined by ESU, adult run timing, and smolt age. 
Between 1995 and 2006, 1,896 coded-wire-tagged juvenile fish from the Columbia River 
basin were recovered during 6,142 research trawl events along the West Coast of North 
America. Three distinct ocean dispersal patterns were observed: (1) age-1 (yearling) mid 
and upper Columbia River spring-run and Snake River spring–summer-run Chinook 
Salmon migrated rapidly northward and by late summer were not found south of 
Vancouver Island; (2) age-0 (subyearling) lower Columbia River fall, upper Columbia 
River summer, upper Columbia River fall, and Snake River fall Chinook Salmon 
dispersed slowly, remaining mainly south of Vancouver Island through autumn; and (3) 
age-1 lower Columbia River spring, upper Columbia River summer, and upper 
Willamette River spring Chinook Salmon and Coho Salmon were widespread along the 
coast from summer through fall, indicating a diversity of dispersal rates. Generally, the 
ocean dispersal of age-1 fish was faster and more extensive than that of age-0 fish, with 
some age-1 fish migrating as fast as 10–40 km/d (0.5–3.0 body lengths/s). Within groups, 
interannual variation in dispersal was moderate. Identification of the distinct temporal 
and spatial ocean distribution patterns of juvenile salmon from Columbia River basin 
ESUs is important in order to evaluate the potential influence of changing ocean 
conditions on the survival and long term sustainability of these fish populations.  

 
Ford, J. S., & Myers, R. A. (2008). A global assessment of salmon aquaculture impacts on 

wild salmonids. PLoS Biol, 6(2), e33. doi:10.1371/journal.pbio.0060033 
Since the late 1980s, wild salmon catch and abundance have declined dramatically in the 
North Atlantic and in much of the northeastern Pacific south of Alaska. In these areas, 
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there has been a concomitant increase in the production offarmed salmon. Previous 
studies have shown negative impacts on wild salmonids, but these results have been 
difficult to translate into predictions of change in wild population survival and 
abundance. We compared marine survival of salmonids in areas with salmon farming to 
adjacent areas without farms in Scotland, Ireland, Atlantic Canada, and Pacific Canada to 
estimate changes in marine survival concurrent with the growth of salmon aquaculture. 
Through a meta-analysis of existing data, we show a reduction in survival or abundance 
of Atlantic salmon; sea trout; and pink, chum, and coho salmon in association with 
increased production of farmed salmon. In many cases, these reductions in survival or 
abundance are greater than 50%. Meta-analytic estimates of the mean effect are 
significant and negative, suggesting that salmon farming has reduced survival of wild 
salmon and trout in many populations and countries. 
 

Frechette, D., Osterback, A.-M. K., Hayes, S. A., Bond, M. H., Moore, J. W., Shaffer, S. A.,  
& Harvey, J. T. (2012). Assessing avian predation on juvenile salmonids using  
passive integrated transponder tag recoveries and mark–recapture methods. North 
American Journal of Fisheries Management, 32(6), 1237–1250. 
doi:10.1080/02755947.2012.728171  
Many populations of coho salmon Oncorhynchus kisutch and steelhead O. mykiss are 
listed under the U.S. Endangered Species Act. Until recently, the role of avian predation 
in limiting recovery of coho salmon and steelhead in central California coastal 
watersheds has been overlooked. We used recoveries of passive integrated transponder 
(PIT) tags from Año Nuevo Island (ANI), a breeding site for several species of 
piscivorous seabirds, to estimate predation rates on juvenile salmonids and identify 
susceptible life stages and species responsible for predation. A total of 34,485 PIT tags 
were deployed in coho salmon and steelhead in six watersheds in San Mateo and Santa 
Cruz counties. Tags were deposited on ANI by predators after ingestion of tagged fish. 
Because tags were not removed from the island and were detected on multiple sampling 
occasions, we were able to use mark–recapture models to generate a corrected minimum 
predation estimate. We used POPAN, a variation of the Jolly–Seber model, to generate an 
estimate of gross population abundance, which accounted for tags deposited on the island 
but not detected during surveys. Detections of 196 tags from surveys conducted between 
autumn 2006 and spring 2009 were incorporated into the model, producing a gross 
population estimate of 242 tags (SE = 9.8). Addition of tags detected between autumn 
2009 and 2010 to the abundance estimate from POPAN produced a new minimum 
estimate of 362 tags on ANI. Western gulls Larus occidentalis probably were the primary 
predator depositing tags on ANI. Minimum predation estimates ranged from 0.1% 
(Soquel Creek) to 4.6% (Waddell Creek) of outmigrating coho salmon and steelhead 
smolts. Predation was potentially greater given still unquantified deposition of tags off-
colony and destruction of tags during digestive processes of predators. Finally, avian 
predators targeted estuary-reared fish, which contributed disproportionately to adult 
populations, further impacting imperiled salmon populations.  

 
Friedland, K. D., Ward, B. R., Welch, D. W., & Hayes, S. A. (2014). Postsmolt growth and  
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thermal regime define the marine survival of Steelhead from the Keogh River, 
British Columbia. Marine and Coastal Fisheries: Dynamics, Management, and 
Ecosystem Science, 6, 1–11.  
The population of anadromous steelhead Oncorhynchus mykiss in the Keogh River has 
been studied intensively, in part because of its pattern of declining recruitment, which is 
largely attributed to poor marine survival. Climate variability has changed the 
productivity of salmonid species in all regions of the North Pacific, with areas alternately 
shifting between periods of enhanced and depressed productivity. The mechanisms 
governing marine survival and adult recruitment are central to contemporary resource 
management concerns but are also of concern with regard to the long-term prospects of 
managing biodiversity. We provide evidence that postsmolt growth contributes to the 
pattern of marine survival of Keogh River steelhead over the period corresponding to 
smolt years 1977–1999. Size at ocean entry did not appear to have sufficient contrast to 
significantly affect survival. However, assessment of scale growth suggested that the 
fish’s initial growth at sea is not as important as the sustained growth conditions during 
summer and fall of the postsmolt year. The return rate of steelhead was negatively 
correlated with sea surface temperature in the ocean domains that were assumed to 
provide postsmolt nursery habitat, suggesting that growth is directly affected by warming 
conditions or that ocean warming affects the food web upon which steelhead depend. 
Steelhead appear to respond to changing climate and growth regimes in a manner similar 
to that of their North Atlantic analog, the Atlantic Salmon Salmo salar. Comparative data 
show that eastern basin Atlantic Salmon populations are negatively affected by a thermal 
regime of increasing temperature during the postsmolt year, suggesting a relationship 
between postsmolt growth and survival. 

 
Gladics, A. J., Suryan, R. M., Brodeur, R. D., Segui, L. M., & Filliger, L. Z. (2014).  

Constancy and change in marine predator diets across a shift in oceanographic 
conditions in the Northern California Current. Marine Biology, 1–15. 
doi:10.1007/s00227-013-2384-4  
Variable ocean conditions can greatly impact prey assemblages and predator foraging in 
marine ecosystems. Our goal was to better understand how a change in ocean conditions 
influenced dietary niche overlap among a suite of midtrophic-level predators. We 
examined the diets of three fishes and one seabird off central Oregon during two boreal 
summer upwelling periods with contrasting El Niño (2010) and La Niña (2011) 
conditions. We found greater niche specialization during El Niño and increased niche 
overlap during La Niña in both the nekton and micronekton diet components, especially 
in the larger, more offshore predators. However, only the two smaller, more nearshore 
predators exhibited interannual variation in diet composition. Concurrent trawl surveys 
confirmed that changes in components of predator diets reflected changes in the prey 
community. Using multiple predators across diverse taxa and life histories provided a 
comprehensive understanding of food-web dynamics during changing ocean conditions. 

 
Gottesfeld, A. S., Proctor, B., Rolston, L. D., & Carr-Harris, C. (2009). Sea lice, 

Lepeophtheirus salmonis, transfer between wild sympatric adult and juvenile salmon 
on the north coast of British Columbia, Canada. Journal of Fish Diseases, 32(1), 45–
57. doi:10.1111/j.1365-2761.2008.01003.x 

47 
 



We examine sea lice, Lepeophtheirus salmonis, on juvenile and adult salmon from the 
north coast of British Columbia between 2004 and 2006 in an area that does not at 
present contain salmon farms. There is a pronounced zonation in the abundance of L. 
salmonis on juvenile pink salmon, Oncorhynchus gorbuscha, in the Skeena and Nass 
estuaries. Abundances in the proximal and distal zones of these estuaries are 0.01 and 
0.05 respectively. The outer zones serve as feeding and staging areas for the pink salmon 
smolts. Returning Chinook, Oncorhynchus tshawytscha, and coho salmon, Oncorhynchus 
kisutch, concentrate in these areas. We collected data in 2006 to examine whether L. 
salmonis on returning adult salmon are an important source of the sea lice that appear on 
juvenile pink salmon. Nearly all (99%) of the sea lice on returning Chinook and over 
80% on coho salmon were L. salmonis. Most of the L. salmonis were motile stages 
including many ovigerous females. There was a sharp increase in the abundance of sea 
lice on juvenile pink salmon smolts between May and July 2006 near the sites of adult 
captures. As there are no salmon farms on the north coast, few sticklebacks, Gasterosteus 
aculeatus, and very few resident salmonids until later in the summer, it seems that the 
most important reservoir of L. salmonis under natural conditions is returning adult 
salmon. This natural source of sea lice results in levels of abundance that are one or two 
orders of magnitude lower than those observed on juvenile pink salmon in areas with 
salmon farms such as the Broughton Archipelago. 
 

Haeseker, S. L., McCann, J. A., Tuomikoski, J., & Chockley, B. (2012). Assessing 
freshwater and marine environmental influences on life-stage-specific survival rates 
of Snake River spring–summer Chinook salmon and steelhead. Transactions of the 
American Fisheries Society, 141(1), 121–138. doi:10.1080/00028487.2011.652009 
Pacific salmon Oncorhynchus spp. from the Snake River basin experience a wide range 
of environmental conditions during their freshwater, estuarine, and marine residence, 
which in turn influence their survival rates at each life stage. In addition, researchers have 
found that juvenile out-migration conditions can influence subsequent survival during 
estuarine and marine residence, a concept known as the hydrosystem-related, delayed-
mortality hypothesis. In this analysis, we calculated seasonal, life-stage-specific survival 
rate estimates for Snake River spring–summer Chinook salmon Oncorhynchus 
tshawytscha and steelhead O. mykiss and conducted multiple-regression analyses to 
identify the freshwater and marine environmental factors associated with survival at each 
life stage. We also conducted correlation analyses to test the hydrosystem-related, 
delayed-mortality hypothesis. We found that the freshwater variables we examined (the 
percentage of river flow spilled over out-migration dams and water transit time) were 
important for characterizing the variation in survival rates not only during freshwater out-
migration but also during estuarine and marine residence. Of the marine factors 
examined, we found that the Pacific Decadal Oscillation index was the most important 
variable for characterizing the variation in the marine and cumulative smolt-to-adult 
survival rates of both species. In support of the hydrosystem-related, delayed-mortality 
hypothesis, we found that freshwater and marine survival rates were correlated, 
indicating that a portion of the mortality expressed after leaving the hydrosystem is 
related to processes affected by downstream migration conditions. Our results indicate 
that improvements in life-stage-specific and smolt-to-adult survival may be achievable 
across a range of marine conditions through increasing spill percentages and reducing 
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water transit times during juvenile salmon out-migration. 
 

Hayes, S. A., Bond, M. H., Hanson, C. V., Freund, E. V., Smith, J. J., Anderson, E. C., 
Ammann, A. J., & MacFarlane, R. B. (2008). Steelhead growth in a small Central 
California watershed: upstream and estuarine rearing patterns. Transactions of the 
American Fisheries Society, 137(1), 114–128. doi:10.1577/T07-043.1 
We monitored growth and life history pathways of juvenile steelhead Oncorhynchus 
mykiss and compared growth rates between the upper watershed and estuary in Scott 
Creek, a typical California coastal stream. Growth in the upper watershed was 
approximately linear from May to December for age-0 fish. For passive integrated 
transponder (PIT) tagged, age-1+ fish, growth transitioned to a cyclic pattern, peaking at 
0.2% per day during February-April, when maximum flows and temperatures of 7-12°C 
occurred. Growth of PIT-tagged fish then slowed during August-September (0.01% per 
day), when temperatures were 14-18°C and flows were low. During each spring, smolts 
(mean fork length [FL] ± SE = 98.0 ± 1.2 mm) and fry migrated to the estuary; some fish 
remained there during summer-fall as low flows and waves resulted in seasonal sandbar 
formation, which created a warm lagoon and restricted access to the ocean. Growth in the 
estuary-lagoon was much higher (0.2-0.8% per day at 15-24°C). Our data suggest the 
existence of three juvenile life history pathways: Upper-watershed rearing, estuary-
lagoon rearing, and combined upper-watershed and estuary-lagoon rearing. We present a 
model based upon the above data that reports size at age for each juvenile life history 

type. The majority of fish reaching typical steelhead ocean entry sizes (∼150-250 mm 

FL; age 0.8-3.0) were estuary-lagoon reared, which indicates a disproportionate 
contribution of this habitat type to survival of Scott Creek steelhead. In contrast, 
steelhead from higher latitudes rear in tributaries during summer, taking several years to 
attain ocean entry size. 
 

Hoem Neher, T. D., Rosenberger, A. E., Zimmerman, C. E., Walker, C. M., & Baird, S. J.  
(2013). Estuarine environments as rearing habitats for juvenile Coho Salmon in 
contrasting south-central Alaska watersheds. Transactions of the American Fisheries 
Society, 142(6), 1481–1494. doi:10.1080/00028487.2013.815660  
For Pacific salmon, estuaries are typically considered transitional staging areas between 
freshwater and marine environments, but their potential as rearing habitat has only 
recently been recognized. The objectives of this study were two-fold: (1) to determine if 
Coho Salmon Oncorhynchus kisutch were rearing in estuarine habitats, and (2) to 
characterize and compare the body length, age, condition, and duration and timing of 
estuarine occupancy of juvenile Coho Salmon between the two contrasting estuaries. We 
examined use of estuary habitats with analysis of microchemistry and microstructure of 
sagittal otoliths in two watersheds of south-central Alaska. Juvenile Coho Salmon were 
classified as estuary residents or nonresidents (recent estuary immigrants) based on 
otolith Sr : Ca ratios and counts of daily growth increments on otoliths. The estuaries 
differed in water source (glacial versus snowmelt hydrographs) and in relative estuarine 
and watershed area. Juvenile Coho Salmon with evidence of estuary rearing were greater 

49 
 



in body length and condition than individuals lacking evidence of estuarine rearing. Coho 
Salmon captured in the glacial estuary had greater variability in body length and 
condition, and younger age-classes predominated the catch compared with the nearby 
snowmelt-fed, smaller estuary. Estuary-rearing fish in the glacial estuary arrived later and 
remained longer (39 versus 24 d of summer growth) during the summer than did fish 
using the snowmelt estuary. Finally, we observed definitive patterns of overwintering in 
estuarine and near shore environments in both estuaries. Evidence of estuary rearing and 
overwintering with differences in fish traits among contrasting estuary types refute the 
notion that estuaries function as only staging or transitional habitats in the early life 
history of Coho Salmon.  
 

Holsman, K. K., Scheuerell, M. D., Buhle, E., & Emmett, R. (2012). Interacting effects of 
translocation, artificial propagation, and environmental conditions on the marine 
survival of Chinook salmon from the Columbia River, Washington, U.S.A. 
Conservation Biology, 26(5), 912–922. doi:10.1111/j.1523-1739.2012.01895.x 
Captive rearing and translocation are often used concurrently for species conservation, 
yet the effects of these practices can interact and lead to unintended outcomes that may 
undermine species’ recovery efforts. Controls in translocation or artificial-propagation 
programs are uncommon; thus, there have been few studies on the interacting effects of 
these actions and environmental conditions on survival. The Columbia River basin, 
which drains 668,000 km2 of the western United States and Canada, has an extensive 
network of hydroelectric and other dams, which impede and slow migration of 
anadromous Pacific salmon (Oncorhynchus spp.) and can increase mortality rates. To 
mitigate for hydrosystem-induced mortality during juvenile downriver migration, tens of 
millions of hatchery fish are released each year and a subset of wild- and hatchery-origin 
juveniles are translocated downstream beyond the hydropower system. We considered 
how the results of these practices interact with marine environmental conditions to affect 
the marine survival of Chinook salmon (O. tshawytscha). We analyzed data from more 
than 1 million individually tagged fish from 1998 through 2006 to evaluate the 
probability of an individual fish returning as an adult relative to its rearing (hatchery vs. 
wild) and translocation histories (translocated vs. in-river migrating fish that traveled 
downriver through the hydropower system) and a suite of environmental variables. 
Except during select periods of very low river flow, marine survival of wild translocated 
fish was approximately two-thirds less than survival of wild in-river migrating fish. For 
hatchery fish, however, survival was roughly two times higher for translocated fish than 
for in-river migrants. Competition and predator aggregation negatively affected marine 
survival, and the magnitude of survival depended on rearing and translocation histories 
and biological and physical conditions encountered during their first few weeks of 
residence in the ocean. Our results highlight the importance of considering the interacting 
effects of translocation, artificial propagation, and environmental variables on the long-
term viability of species. 
 

Hyun, S.-Y., Myers, K. W., & Talbot, A. (2007). Year-to-year variability in ocean recovery 
rate of Columbia River Upriver Bright fall Chinook salmon (Oncorhynchus 
tshawytscha). Fisheries Oceanography, 16(4), 350–362. doi:10.1111/j.1365-
2419.2007.00436.x 
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Unusually large returns of several stocks of fall Chinook salmon (Oncorhynchus 
tshawytscha) from the U.S. Northwest commonly occurred during the late 1980s. These 
synchronous events seem to have been due to ocean rather than freshwater conditions 
because natal rivers of these stocks were geographically disconnected. We examined 
year-to-year variability in cohort strength of one of these stocks, Upriver Bright (URB) 
fall Chinook salmon from the Columbia River Hanford Reach for brood years 1976–99 
(recovery years 1979–2002). We used the ocean recovery rate of coded-wire-tag (CWT) 
fish as an index of cohort strength. To analyse year-to-year variability in the ocean 
recovery rate, we applied a log-linear model whose candidate explanatory variables were 
ocean condition variables, fishing effort, age of recovered fish, and fish rearing type 
(hatchery versus wild). Explanatory variables in the best model included fishing effort, 
and the quadratic term of winter sea surface temperature (SST) measured from coastal 
waters of British Columbia, Canada during the fish’s first ocean year. The coefficient of 
the quadratic term of SST was significantly negative, so the model shape was convex. 
Our findings can be used to infer year-to-year variability in cohort strength of other fall 
Chinook salmon whose life history and ocean distributions are similar to the URB fish. 
 

Irvine, J. R., & Akenhead, S. A. (2013). Understanding smolt survival trends in sockeye  
salmon. Marine and Coastal Fisheries: Dynamics, Management, and Ecosystem 
Science, 5, 303–328. doi:10.1080/19425120.2013.831002 
Many populations of Sockeye Salmon Oncorhynchus nerka in the eastern North Pacific 
Ocean experienced significant productivity declines that began about 1990, but there is 
no consensus on the mechanisms responsible. To better understand Sockeye Salmon 
survival trends, we examined the 50-year time series for two age-classes of Sockeye 
Salmon smolts from Chilko Lake in central British Columbia. Arranging survival time 
series for both age-classes by ocean entry year and combining them, weighted by a proxy 
model of sampling variance, reduced the sampling variance in the original age-1 smolt 
survivals sufficiently to indicate a linear trend of increasing survival from 1960 to 1990 
that suddenly changed at or near 1991 to a lower and declining trend from 1992 to 2008. 
Neither density nor mean length influenced smolt survival. Returns in a given year were 
not good predictors of siblings returning in subsequent years. Time spent at sea increased 
linearly beginning around 1970. Although smolt survivals differed between ecosystem 
regimes, there was only the one clear pattern break about 1991. To improve our 
understanding of mechanisms, survival trends were compared with environmental indices 
that included catches and hatchery releases of potentially competing salmon from around 
the North Pacific Ocean. Smolt survivals were more similar to abundance indices of 
Sockeye Salmon, Chum Salmon O. keta, and Pink Salmon O. gorbuscha than to indices 
of global, regional, or local ocean climate. Our results are consistent with the hypothesis 
that salmon productivity in the North Pacific declined soon after 1990. We present a 
simple model to illustrate how increased competition at sea, related to the release of large 
numbers of hatchery salmon, in conjunction with changes in ocean productivity, may 
have played a significant role in improving Sockeye Salmon survivals while reducing 
their growth before 1991. After 1991, these factors may have acted to reduce survivals 
while the growth of survivors showed no effect. 

 
Irvine, J. R., O’Neill, M., Godbout, L., & Schnute, J. (2013). Effects of smolt release timing 
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and size on the survival of hatchery-origin coho salmon in the Strait of Georgia. 
Progress in Oceanography, 115, 111–118. doi:10.1016/j.pocean.2013.05.014 
Altering release sizes and timings of coho salmon smolts from hatcheries in the Strait of 
Georgia will not reverse the precipitous survival declines of the past three decades. We 
modeled the effects on survival of ocean entry year, mean smolt size (weight), and 
release day. Ocean entry year was by far the most important. During 1979–2006, smolt to 
adult survivals declined similarly for hatchery and wild coho salmon, although wild 
salmon consistently survived at higher rates. Best models differed among hatcheries, 
implying location-specific differences in the optimal size and timing of release. At four of 
five hatcheries, heavier smolts survived significantly better than lighter smolts. At one 
hatchery, a significant interaction between ocean entry year and smolt weight reflected an 
increased positive effect of weight later in the time series. At two Vancouver Island 
hatcheries, early release groups appeared to survive better than later releases in early 
years, while later release groups survived best in recent years. We recommend: (1) 
hatchery managers release coho salmon smolts throughout the outmigration period of 
higher surviving wild coho salmon smolts and (2) an experimental approach using 
hatcheries to evaluate density-dependent effects on coho salmon growth and survival. 
 

Jacobson, K. C., Teel, D., Doornik, D. M. V., & Casillas, E. (2008). Parasite-associated 
mortality of juvenile Pacific salmon caused by the trematode Nanophyetus 
salmincola during early marine residence. Marine Ecology Progress Series, 354, 235–
244. doi:10.3354/meps07232 
The potential effect of the freshwater trematode Nanophyetus salmincola on early marine 
survival of Pacific salmon was assessed by monitoring the prevalence and intensity of 
metacercarial infection in yearling coho salmon Oncorhynchus kisutch, and yearling and 
subyearling Chinook salmon O. tshawytscha caught off Oregon and Washington during 
May, June, and September of 1999 to 2002. Annual prevalences of N. salmincola 
infection in yearling coho salmon were 62 to 78% and were significantly greater each 
year than in both yearling and subyearling Chinook salmon (19.3 to 53.8% and 40.5 to 
53.5%, respectively). Yearling coho salmon also had significantly higher intensities of 
infection (from approximately 2-fold to 12-fold) than yearling and subyearling Chinook 
salmon. Prevalences and intensities in coho salmon caught in September were 
significantly lower (by approximately 21%) than in coho salmon caught in May or June 
in 3 of the 4 years. Variance to mean ratios of parasite abundance in coho salmon were 
also lowest in September, suggesting parasite-associated host mortality during early 
ocean residence. There was no evidence for a seasonal decline in infection in yearling or 
subyearling Chinook salmon. Infection intensities, but not prevalences, were significantly 
greater in naturally produced (wild) coho salmon than in hatchery produced coho salmon 
and could be due to differences in exposure to the trematode. Highly infected naturally 
produced coho salmon were not caught in September. This study suggests that coho 
salmon with high intensities of N. salmincola may not survive early marine residence, 
and that disease processes need to be considered as a factor affecting marine survival of 
juvenile salmon. 
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habitat for 0-age Chinook salmon. Estuarine, Coastal and Shelf Science, 135, 220–
230. doi:10.1016/j.ecss.2013.10.014 
The role of each habitat fish use is of great importance to the dynamics of populations. 
During their early marine residence, Chinook salmon (Oncorhynchus tshawytscha), an 
anadromous fish species, mostly inhabit estuaries but also use sandy beach surf zones and 
the coastal ocean. However, the role of surf zones in the early life history of Chinook 
salmon is unclear. We hypothesized that surf zones serve as an alternative nursery 
habitat, defined as a habitat that consistently provides a proportion of a population with 
foraging and growth rates similar to those experienced in the primary nursery. First, we 
confirmed that juvenile Chinook salmon cohorts are simultaneously using both habitats 
by combining field collections with otolith chemical and structural analysis to directly 
compare size and migration patterns of juveniles collected in two Oregon (USA) estuaries 
and surf zones during three years. We then compared juvenile catch, diet and growth in 
estuaries and surf zones. Juveniles were consistently caught in both habitats throughout 
summer. Catches were significantly higher in estuaries (average± SD=34.3±19.7 ind. 100 
m2) than surf zones (1.0±1.5 ind. 100 m2) and were positively correlated (r=0.92). Size at 
capture (103±15 mm fork length, FL), size at marine entry (76±13 mm FL), stomach 
fullness (22% body weight) and growth rates (0.4±0.0 mm day-1) were similar between 
habitats. Our results suggest that when large numbers of 0-age Chinook salmon inhabit 
estuaries, juveniles concurrently use surf zones, which serve as an alternative nursery 
habitat. Therefore, surf zones expand the available rearing habitat for Chinook salmon 
during early marine residence, a critical period in the life history 

 
Jarrin, J. R. M., Shanks, A. L., & Banks, M. A. (2009). Confirmation of the presence and 
use  

of sandy beach surf-zones by juvenile Chinook salmon. Environmental Biology of 
Fishes, 85(2), 119–125. doi:10.1007/s10641-009-9470-y  
Migration patterns and habitat use of sub-yearling Chinook salmon during initial ocean 
entrance is poorly understood. Twenty-five years ago, sub-yearling Chinook salmon were 
hypothesized to stay close to shore (<5 km). To test this hypothesis we sampled the surf-
zone of a southern Oregon dissipative sandy beach throughout the summer of 2006 
(06/07–09/29) using a beach seine in 1 m of water depth. We caught 48 sub-yearlings 
over six dates (07/22 to 09/01). Mean standard length of Chinook salmon caught in the 
surf-zone increased from 9.1 ± 0.6 (07/22/06) to 11.6 ± 0.7 cm (09/01/06), suggesting a 
mean increase of 0.6 mm in standard length (S.L.) per day. Early in the summer, smaller 
fish fed mostly on amphipods. Later in the summer, larger juveniles fed primarily on 
larval and juvenile fish. All prey items were common in the surf-zone. Juveniles appear to 
migrate from the estuary to the surf-zone where they feed on the local zooplankton for up 
to two summer months before migrating offshore. 

 
Johnson, L., Anulacion, B., Arkoosh, M., Olson, O. P., Sloan, C., Sol, S. Y., Spromberg, J.,  

Teel, D. T., Yanagida, G. & Ylitalo, G. (2013). Persistent organic pollutants in 
juvenile Chinook salmon in the Columbia River basin: implications for stock 
recovery. Transactions of the American Fisheries Society, 142(1), 21–40. 
doi:10.1080/00028487.2012.720627  
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Among the populations of Pacific salmon and steelhead Oncorhynchus mykiss 
(anadromous Rainbow Trout) that inhabit the Columbia River basin there are currently 13 
Evolutionarily Significant Units listed as threatened or endangered under the U.S. 
Endangered Species Act. While habitat loss, dams, overharvest, and climate change have 
been implicated in declining abundance of Chinook Salmon O. tshawytscha in the 
Columbia River, chemical contaminants represent an additional, yet poorly understood, 
conservation threat. In this study we measured concentrations of persistent organic 
pollutants in juvenile Chinook Salmon from various Columbia River stocks and life 
history types to evaluate the potential for adverse effects in these threatened and 
endangered fish. Polychlorinated biphenyls (PCBs) and dichlorodiphenyltrichloroethane 
(DDTs), recognized contaminants of concern in the Columbia basin, are the primary 
focus of this paper; other contaminants found in these fish, such as polybrominated 
diphenyl ethers and polycyclic aromatic hydrocarbons, are described in other 
publications. We frequently detected PCBs and DDTs in juvenile salmon and salmon diet 
samples from the lower Columbia River and estuary. In some cases, concentrations in 
salmon were above estimated thresholds for effects on growth and survival. The tidal 
freshwater portion of the estuary, between Portland, Oregon, and Longview, Washington, 
appeared to be an important source of contaminants for juvenile salmon and a region in 
which salmon were exposed to toxicants associated with urban development and 
industrial activity. Highest concentrations of PCBs were found in fall Chinook Salmon 
stocks with subyearling life histories, including populations from the upper Columbia and 
Snake rivers, which feed and rear in the tidal freshwater and estuarine portions of the 
river for extended periods. Spring Chinook Salmon stocks with yearling life histories that 
migrate more rapidly through the estuary generally had low PCB concentrations, but high 
concentrations of DDTs. Lipid content was low (<1%) in many of the fish examined, 
contributing to high lipid-adjusted contaminants concentrations in some samples.  

 
Jones, S., Kim, E., & Bennett, W. (2008). Early development of resistance to the salmon 

louse, Lepeophtheirus salmonis (Krøyer), in juvenile pink salmon, Oncorhynchus 
gorbuscha (Walbaum). Journal of Fish Diseases, 31(8), 591–600. doi:10.1111/j.1365-
2761.2008.00933.x 
This study examined the effect of fish weight on the susceptibility of post-emergent pink 
salmon to Lepeophtheirus salmonis (Krøyer). Three trials were conducted, each with two 
stocks of pink salmon, Oncorhynchus gorbuscha (Walbaum), at starting weights of c. 0.3, 
0.7 and 2.4 g, respectively. In each trial, duplicate tanks of fish were exposed to 0, 25 
(only in Trial 1), 50 or 100 copepodids per fish. Mortality in Trial 1 was c. 37%, 
regardless of stock following exposures to 50 or 100 copepodids. Mortalities occurred up 
to 26 days after exposure, and more than 80% of the lice on the dead fish were chalimus 
stages. Infections with adult or preadult lice were observed on c. 35% of fish surviving to 
37 days after exposure. Mortality was 5% in Trial 2 and there was no mortality in Trial 3. 
The abundance of L. salmonis was lower in Trial 3 compared with Trials 1 or 2. 
Histological changes in the skin coincident with fish growth included a thickening of the 
epidermis, infiltration of the dermis with fibroblasts by the end of Trial 1 and the first 
evidence of scales by the end of Trial 2; scales were evident throughout Trial 3. These 
results showed that the previously reported innate resistance to L. salmonis displayed by 
pink salmon develops in fish heavier than 0.3 g and appears to be functional by 0.7 g. 

54 
 



This resistance coincided with changes to the epidermis and dermis, including the 
formation of scales. The present results indicate that elevated risk associated with L. 
salmonis infection among migrating post-emergent pink salmon may occur during a 
relatively brief period before the fish reaches 0.7 g. 
 

Jones, S., Kim, E., & Dawe, S. (2006). Experimental infections with Lepeophtheirus 
salmonis (Krøyer) on threespine sticklebacks, Gasterosteus aculeatus L., and 
juvenile Pacific salmon, Oncorhynchus spp. Journal of Fish Diseases, 29(8), 489–495. 
doi:10.1111/j.1365-2761.2006.00742.x 
Experimental infections with Lepeophtheirus salmonis (Krøyer) were established on 
threespine sticklebacks, Gasterosteus aculeatus L., juvenile pink, Oncorhynchus 
gorbuscha (Walbaum), and chum, Oncorhynchus keta (Walbaum), salmon. The 
prevalence and abundance of infections were initially higher on sticklebacks than on 
either salmon species. The initial prevalence and intensity of infections on chum salmon 
were higher than those on pink salmon, and declined on both species during louse 
development. The rate of parasite development to adult stages was similar on all species 
although development beyond the preadult stage was not observed on sticklebacks. These 
results confirm previous field observations on the occurrence and development of L. 
salmonis on threespine sticklebacks. 
 

Jones, S. R. M., Fast, M. D., & Johnson, S. C. (2008). Influence of reduced feed ration on 
Lepeophtheirus salmonis infestation and inflammatory gene expression in juvenile 
pink salmon. Journal of Aquatic Animal Health, 20(2), 103–109. doi:10.1577/H07-
014.1 
The effect of reduced feed ration on infestation levels with the sea louse Lepeophtheirus 
salmonis and gene expression in juvenile pink salmon Oncorhynchus gorbuscha was 
tested in three laboratory trials. Body weight was significantly lower among fish on the 
reduced ration for 27, 34, or 65 d than fish on the full ration. Neither the prevalence nor 
the abundance of L. salmonis differed between fish on full and reduced rations at any 
time in any trial. In trial 2, sea louse rejection was delayed among fish on reduced rations; 
however, the parasite was ultimately rejected from all fish in this trial regardless of 
ration. Proinflammatory gene expression in salmon exposed to L. salmonis was 
modulated by reduced rations. There was a reduction in the expression of interleukin-8 in 
pink salmon on reduced rations 7 d after exposure but not 14 d after exposure. In contrast, 
the 7-d expression of interleukin-1 beta (IL-1β) was reduced in exposed pink salmon 
regardless of ration. By day 14, however, expression of IL-1β was increased in 
association with reduced rations among exposed salmon. Similarly, the expression of 
tumor necrosis factor alpha (TNFα) was increased 14 d after exposure among salmon on 
a reduced ration. There was no evidence that short-duration exposure of otherwise 
healthy juvenile pink salmon to a reduced ration affected susceptibility to L. salmonis. 
The expression data do not suggest an obvious mechanism of louse rejection; rather, they 
indicate that a more comprehensive suite of inflammatory pathways should be surveyed 
to better understand the early pink salmon response to L. salmonis. 
 

Jones, S. R. M., Fast, M. D., Johnson, S. C., & Groman, D. B. (2007). Differential rejection 
of salmon lice by pink and chum salmon: disease consequences and expression of 
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proinflammatory genes. Diseases of Aquatic Organisms, 75(3), 229–238. 
doi:10.3354/dao075229 
The consequences of high (735 copepodids fish–1) and low (243 copepodids fish–1) level 
exposures of size-matched juvenile pink and chum salmon to Lepeophtheirus salmonis 
copepodids were examined. At both levels of exposure the prevalence and abundance of 
L. salmonis was significantly higher on chum salmon. In addition, the weight of exposed 
chum salmon following the high exposure was significantly less than that of unexposed 
chum salmon. At both exposures, the haematocrit of exposed chum salmon was 
significantly less than that of unexposed chum. Neither weight nor haematocrit of pink 
salmon was affected by exposures at these levels. Despite the presence of microscopic 
inflammatory lesions associated with attachment of L. salmonis on the epithelium of gill 
and fin of both salmon species, there were no mortalities following either exposure. A 
transient cortisol response was observed in chum salmon 21 d after low exposure. An 
earlier and quantitatively higher expression of the proinflammatory genes interleukin-8 
(IL-8), tumour necrosis factor α-1 (TNFα-1) and interleukin-1β (IL-1β) in fin and head 
kidney of pink salmon suggested a mechanism of more rapid louse rejection in this 
species. Together, these observations indicate a relatively enhanced innate resistance to L. 
salmonis in the juvenile pink salmon compared with the juvenile chum salmon. 
 

Jones, S. R. M., & Hargreaves, N. B. (2007). The abundance and distribution of 
Lepeophtheirus salmonis (Copepoda: Caligidae) on pink (Oncorhynchus gorbuscha) 
and chum (O. keta) in coastal British Columbia. Journal of Parasitology, 93(6), 
1324–1331. doi:10.1645/GE-1252.1 
In total, 23,750 specimens of the salmon louse, Lepeophtheirus salmonis, were collected 
from 3,907 juvenile pink and 3,941 chum salmon caught within the Broughton 
Archipelago during a 2-yr survey. The prevalence on pink salmon was significantly 
higher than on chum salmon in 2004 (62.3% and 58.6%, respectively) and in 2005 
(26.4% and 23.1%, respectively). The mean abundance on chum salmon was 
significantly higher than on pink salmon in 2004 (7.0 ± 0.3 and 2.8 ± 0.2, respectively), 
whereas in 2005 the mean abundance did not differ between species (0.6 ± 0.1 and 0.5 ± 
0.0, respectively). The mean intensity on chum salmon was significantly higher than on 
pink salmon in 2004 (12.0 ± 0.4 and 4.5 ± 0.2, respectively) and in 2005 (2.5 ± 0.2 and 
1.7 ± 0.1, respectively). The prevalence, intensity, and abundance of L. salmonis were 
significantly higher on salmon belonging to both host species in 2004 compared with 
2005. In both years, a majority of pink and chum salmon had 2 or fewer lice. In general, a 
decline in abundance of L. salmonis over the 3 collection periods in each year coincided 
with an increased percentage of motile developmental stages. The abundance was lowest 
on fish collected from zones in which the seawater surface salinity was also lowest. 
Seawater surface temperature was higher and salinity was lower in 2004 compared with 
2005. The spatial and temporal trends in the abundance of L. salmonis in relation to host 
size, infestation rates, and seawater salinity and temperature, evident in both years, must 
be considered in future studies assessing the role of farmed salmon in the epizootiology 
of this parasite on juvenile salmon in this area. 
 

Jones, S. R. M., & Hargreaves, N. B. (2009). Infection threshold to estimate Lepeophtheirus 
salmonis-associated mortality among juvenile pink salmon. Diseases of Aquatic 
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Organisms, 84(2), 131–137. doi:10.3354/dao02043 
A threshold of lethal infection was estimated from previous controlled laboratory 
exposures to be 7.5 Lepeophtheirus salmonis g–1 for pink salmon Oncorhynchus 
gorbuscha averaging <0.7 g. This threshold was used to assess the risk of mortality 
caused by L. salmonis among pink salmon of the same size class in the Broughton 
Archipelago, Canada from 2005 to 2008. Virtually all (≥98.9%) pink salmon collected in 
late March belonged to this size class, and this proportion declined to ≤1% by early July. 
The proportion of these small pink salmon with infections equal to or exceeding the 
threshold declined from 4.5 in 2005 to 0% in 2008, coincident with an overall decline in 
parasite prevalence and intensity during this period. In 2005 and 2006, this proportion 
was greatest in March (7.8 and 1.1%, respectively) whereas in 2007, the proportion 
exceeding the threshold was greatest in May (2.9%). In 2008, no infections exceeded the 
threshold. Parasite development coincided with fish migration through the study area. 
The declining risk between 2005 and 2008 was possibly related to changes in ocean 
conditions such as temperature, to changing treatment practices for this parasite on 
salmon farms, or to changes in the abundance or distribution of non-farmed hosts. The 
concept of a threshold of L. salmonis infection density may be used to assist in the 
management and conservation of juvenile pink salmon in the Broughton Archipelago 
region. 
 

Kline Jr., T. C. (2010). Stable carbon and nitrogen isotope variation in the northern 
lampfish and Neocalanus, marine survival rates of pink salmon, and meso-scale 
eddies in the Gulf of Alaska. Progress in Oceanography, 87(1–4), 49–60. 
doi:10.1016/j.pocean.2010.09.024 
Northern lampfish (NLF), Stenobrachius leucopsarus (Myctophidae), the dominant 
pelagic fish taxon of the subarctic North Pacific Ocean, were sampled opportunistically 
in MOCNESS tows made on continental slope waters of the Gulf of Alaska (GOA) as 
well as in deep areas of Prince William Sound (PWS) during 1997–2006. The overall 
mean whole-body lipid-corrected stable carbon isotope value of NLF from the GOA was 
−21.4 (SD = 0.7) whereas that from PWS was −19.5 (SD = 0.9). This pattern is similar to 
that observed for late feeding stage Neocalanus cristatus copepods thus confirming a 
mean cross-shelf carbon stable isotope gradient. As well, there was a statistically 
significant positive correlation between the considerable temporal variation in the 
monthly mean carbon stable isotope composition of GOA Neocalanus and GOA NLF (r 
= 0.69, P < 0.001). In contrast, NLF nitrogen stable isotope values were bi-modal with 

most data fitting the upper mode value of ∼+11.5. NLF nitrogen stable isotope values are 

a better indicator of trophic level or food chain length whereas carbon stable isotopes 
reflect organic carbon production. The carbon stable isotope values of NLF, measured in 
May, were positively correlated to marine survival rate of PWS hatchery salmon cohorts 
entering the marine environment the same year (r = 0.84, P < 0.001). The carbon stable 
isotope values for Neocalanus in May were also positively correlated to salmon marine 
survival (r = 0.82, P < 0.001). Processes thus manifested through the carbon stable 
isotope value of biota from the continental slope more closely predicted marine survival 
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rate than that of the salmon themselves. The incipient relationships suggested by the 
correlations are consistent with the hypothesis that exchange between coastal and oceanic 
waters in the study area is driven by meso-scale eddies. These eddies facilitate the 
occurrence of slope phytoplankton blooms as well as drive oceanic zooplankton subsidies 
into coastal waters. The strong as well as more significant correlations of salmon marine 
survival rate to NLF as well as slope Neocalanus carbon stable isotope values point to 
processes taking place at the slope (i.e., interactions driven by meso-scale eddies when at 
the edge of the shelf) as being the driving force to inter-annual variability in the coastal 
Gulf of Alaska study area. 
 

Kline Jr., T. C., Boldt, J. L., Farley Jr., E. V., Haldorson, L. J., & Helle, J. H. (2008). Pink 
salmon (Oncorhynchus gorbuscha) marine survival rates reflect early marine carbon 
source dependency. Progress in Oceanography, 77(2–3), 194–202. 
doi:10.1016/j.pocean.2008.03.006 
Marine survival rate (the number of adult salmon returning divided by the number of 
salmon fry released) of pink salmon runs propagated by Prince William Sound, Alaska 
(PWS) salmon hatcheries is highly variable resulting in large year-to-year run size 

variation, which ranged from ∼20 to ∼50 million during 1998–2004. Marine survival rate 

was hypothesized to be determined during their early marine life stage, a time period 
corresponding to the first growing season after entering the marine environment while 
they are still in coastal waters. Based on the predictable relationships of 13C/12C ratios in 
food webs and the existence of regional 13C/12C gradients in organic carbon, 13C/12C 
ratios of early marine pink salmon were measured to test whether marine survival rate 
was related to food web processes. Year-to-year variation in marine survival rate was 
inversely correlated to 13C/12C ratios of early marine pink salmon, but with differences 
among hatcheries. The weakest relationship was for pink salmon from the hatchery 
without historic co-variation of marine survival rate with other PWS hatcheries or wild 
stocks. Year-to-year variation in 13C/12C ratio of early marine stage pink salmon in 
combination with regional spatial gradients of 13C/12C ratio measured in zooplankton 
suggested that marine survival was driven by carbon subsidies of oceanic origin (i.e., 
oceanic zooplankton). The 2001 pink salmon cohort had 13C/12C ratios that were very 
similar to those found for PWS carbon, i.e., when oceanic subsidies were inferred to be 
nil, and had the lowest marine survival rate (2.6%). Conversely, the 2002 cohort had the 
highest marine survival (9.7%) and the lowest mean 13C/12C ratio. These isotope patterns 
are consistent with hypotheses that oceanic zooplankton subsidies benefit salmon as food 
subsidies, or as alternate prey for salmon predators. Oceanic subsidies are manifestations 
of significant exchange of material between PWS and the Gulf of Alaska. Given that 
previously observed inter-decadal cycles of oceanic zooplankton abundance were 
climatically driven, exchange between PWS and the Gulf of Alaska may be an important 
process for effecting synoptic changes in marine populations of higher trophic levels, and 
thus an important consideration for climate-change models and scenarios. 
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(2009). Preliminary genetic analysis of juvenile chum salmon from the Chukchi Sea 
and Bering Strait. North Pacific Anadromous Fish Commission Bulletin, 5, 25–27. 
The arctic region has experienced warming in recent years, resulting in decreased 
summer sea ice cover and increased sea surface temperatures. In September 2007, the 
U.S. BASIS survey extended surface trawling into the Chukchi Sea. Juvenile (young-of-
the-year) chum salmon were collected at most stations. Genetic methods using 
microsatellite and SNP loci were applied to identify the origin of a subset of juvenile 
chum salmon collected in the Chukchi Sea and Bering Strait. Most of the juvenile chum 
salmon caught in the Bering Strait were from populations of the Anadyr-Kanchalan river 
system of northeastern Russia and the majority of fish collected in the Chukchi Sea site 
were from populations of northwestern Alaska 
 

Krkošek, M., Ashander, J., Frazer, L. Neil, & Lewis, M. A. (2013). Allee effect from 
parasite spill-back. The American Naturalist, 182(5), 640–652. doi:10.1086/673238 
The exchange of native pathogens between wild and domesticated animals can lead to 
novel disease threats to wildlife. However, the dynamics of wild host-parasite systems 
exposed to a reservoir of domesticated hosts are not well understood. A simple 
mathematical model reveals that the spill-back of native parasites from domestic to wild 
hosts may cause a demographic Allee effect in the wild host population. A second model 
is tailored to the particulars of pink salmon (Oncorhynchus gorbuscha) and salmon lice 
(Lepeophtheirus salmonis), for which parasite spill-back is a conservation and fishery 
concern. In both models, parasite spill-back weakens the coupling of parasite and wild 
host abundance—particularly at low host abundance—causing parasites per host to 
increase as a wild host population declines. These findings show that parasites shared 
across host populations have effects analogous to those of generalist predators and can 
similarly cause an unstable equilibrium in a focal host population that separates 
persistence and extirpation. Allee effects in wildlife arising from parasite spill-back are 
likely to be most pronounced in systems where the magnitude of transmission from 
domestic to wild host populations is high because of high parasite abundance in domestic 
hosts, prolonged sympatry of domestic and wild hosts, a high transmission coefficient for 
parasites, long-lived parasite larvae, and proximity of domesticated populations to 
wildlife migration corridors. 
 

Krkošek, M., Connors, B. M., Ford, H., Peacock, S., Mages, P., Ford, J. S., Morton, A., 
Volpe, J. P., Hilborn, R., Dill, L. M., & Lewis, M. A. (2011). Fish farms, parasites, 
and predators: implications for salmon population dynamics. Ecological 
Applications, 21(3), 897–914. doi:10.1890/09-1861.1 
For some salmon populations, the individual and population effects of sea lice 
(Lepeophtheirus salmonis) transmission from sea cage salmon farms is probably 
mediated by predation, which is a primary natural source of mortality of juvenile salmon. 
We examined how sea lice infestation affects predation risk and mortality of juvenile 
pink (Oncorhynchus gorbuscha) and chum (O. keta) salmon, and developed a 
mathematical model to assess the implications for population dynamics and conservation. 
A risk-taking experiment indicated that infected juvenile pink salmon accept a higher 
predation risk in order to obtain foraging opportunities. In a schooling experiment with 
juvenile chum salmon, infected individuals had increased nearest-neighbor distances and 
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occupied peripheral positions in the school. Prey selection experiments with cutthroat 
trout (O. clarkii) predators indicated that infection reduces the ability of juvenile pink 
salmon to evade a predatory strike. Group predation experiments with coho salmon (O. 
kisutch) feeding on juvenile pink or chum salmon indicated that predators selectively 
consume infected prey. The experimental results indicate that lice may increase the rate 
of prey capture but not the handling time of a predator. Based on this result, we 
developed a mathematical model of sea lice and salmon population dynamics in which 
parasitism affects the attack rate in a type II functional response. Analysis of the model 
indicates that: (1) the estimated mortality of wild juvenile salmon due to sea lice 
infestation is probably higher than previously thought; (2) predation can cause a 
simultaneous decline in sea louse abundance on wild fish and salmon productivity that 
could mislead managers and regulators; and (3) compensatory mortality occurs in the 
saturation region of the type II functional response where prey are abundant because 
predators increase mortality of parasites but not overall predation rates. These findings 
indicate that predation is an important component of salmon–louse dynamics and has 
implications for estimating mortality, reducing infection, and developing conservation 
policy. 
 

Krkošek, M., Connors, B. M., Lewis, Mark A., & Poulin, R. (2012). Allee effects may slow 
the spread of parasites in a coastal marine ecosystem. The American Naturalist, 
179(3), 401–412. doi:10.1086/664458 
Allee effects are thought to mediate the dynamics of population colonization, particularly 
for invasive species. However, Allee effects acting on parasites have rarely been 
considered in the analogous process of infectious disease establishment and spread. We 
studied the colonization of uninfected wild juvenile Pacific salmon populations by 
ectoparasitic salmon lice (Lepeophtheirus salmonis) over a 4-year period. In a data set of 
68,376 fish, we observed 85 occurrences of precopular pair formation among 1,259 
preadult female and 613 adult male lice. The probability of pair formation was dependent 
on the local abundance of lice, but this mate limitation is likely offset somewhat by mate-
searching dispersal of males among host fish. A mathematical model of macroparasite 
population dynamics that incorporates the empirical results suggests a high likelihood of 
a demographic Allee effect, which can cause the colonizing parasite populations to die 
out. These results may provide the first empirical evidence for Allee effects in a 
macroparasite. Furthermore, the data give a rare detailed view of Allee effects in 
colonization dynamics and suggest that Allee effects may dampen the spread of parasites 
in a coastal marine ecosystem. 
 

Krkošek, M., Connors, B. M., Morton, A., Lewis, M. A., Dill, L. M., & Hilborn, R. (2011). 
Effects of parasites from salmon farms on productivity of wild salmon. Proceedings 
of the National Academy of Sciences, 108(35), 14700–14704. 
doi:10.1073/pnas.1101845108 
The ecological risks of salmon aquaculture have motivated changes to management and 
policy designed to protect wild salmon populations and habitats in several countries. In 
Canada, much attention has focused on outbreaks of parasitic copepods, sea lice 
(Lepeophtheirus salmonis), on farmed and wild salmon in the Broughton Archipelago, 
British Columbia. Several recent studies have reached contradictory conclusions on 
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whether the spread of lice from salmon farms affects the productivity of sympatric wild 
salmon populations. We analyzed recently available sea lice data on farms and spawner–
recruit data for pink (Oncorhynchus gorbuscha) and coho (Oncorhynchus kisutch) 
salmon populations in the Broughton Archipelago and nearby regions where farms are 
not present. Our results show that sea lice abundance on farms is negatively associated 
with productivity of both pink and coho salmon in the Broughton Archipelago. These 
results reconcile the contradictory findings of previous studies and suggest that 
management and policy measures designed to protect wild salmon from sea lice should 
yield conservation and fishery benefits. 
 

Krkošek, M., Ford, J. S., Morton, A., Lele, S., Myers, R. A., & Lewis, M. A. (2007). 
Declining wild salmon populations in relation to parasites from farm salmon. 
Science, 318(5857), 1772–1775. doi:10.1126/science.1148744 
Rather than benefiting wild fish, industrial aquaculture may contribute to declines in 
ocean fisheries and ecosystems. Farm salmon are commonly infected with salmon lice 
(Lepeophtheirus salmonis), which are native ectoparasitic copepods. We show that 
recurrent louse infestations of wild juvenile pink salmon (Oncorhynchus gorbuscha), all 
associated with salmon farms, have depressed wild pink salmon populations and placed 
them on a trajectory toward rapid local extinction. The louse-induced mortality of pink 
salmon is commonly over 80% and exceeds previous fishing mortality. If outbreaks 
continue, then local extinction is certain, and a 99% collapse in pink salmon population 
abundance is expected in four salmon generations. These results suggest that salmon 
farms can cause parasite outbreaks that erode the capacity of a coastal ecosystem to 
support wild salmon populations. 
 

Krkošek, M., Gottesfeld, A., Proctor, B., Rolston, D., Carr-Harris, C., & Lewis, M. A. 
(2007). Effects of host migration, diversity and aquaculture on sea lice threats to 
Pacific salmon populations. Proceedings of the Royal Society B: Biological Sciences, 
274(1629), 3141–3149. doi:10.1098/rspb.2007.1122 
Animal migrations can affect disease dynamics. One consequence of migration common 
to marine fish and invertebrates is migratory allopatry—a period of spatial separation 
between adult and juvenile hosts, which is caused by host migration and which prevents 
parasite transmission from adult to juvenile hosts. We studied this characteristic for sea 
lice (Lepeophtheirus salmonis and Caligus clemensi) and pink salmon (Oncorhynchus 
gorbuscha) from one of the Canada’s largest salmon stocks. Migratory allopatry protects 
juvenile salmon from L. salmonis for two to three months of early marine life (2–3% 
prevalence). In contrast, host diversity facilitates access for C. clemensi to juvenile 
salmon (8–20% prevalence) but infections appear ephemeral. Aquaculture can augment 
host abundance and diversity and increase parasite exposure of wild juvenile fish. An 
empirically parametrized model shows high sensitivity of salmon populations to 
increased L. salmonis exposure, predicting population collapse at one to five motile L. 
salmonis per juvenile pink salmon. These results characterize parasite threats of salmon 
aquaculture to wild salmon populations and show how host migration and diversity are 
important factors affecting parasite transmission in the oceans. 
 

Krkošek, M., & Hilborn, R. (2010). Sea lice (Lepeophtheirus salmonis) infestations and the 
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productivity of pink salmon (Oncorhynchus gorbuscha) in the Broughton 
Archipelago, British Columbia, Canada. Canadian Journal of Fisheries and Aquatic 
Sciences, 68(1), 17–29. doi:10.1139/F10-137 
The spread of salmon lice (Lepeophtheirus salmonis) from salmon farms may threaten 
some wild salmon populations. Infestations of wild juvenile pink salmon (Oncorhynchus 
gorbuscha) have been associated with high mortality and population decline. Using 
stock–recruit data for pink salmon from the central coast of British Columbia, we 
analyzed how fishing mortality and spatial covariation combine with louse infestation to 
affect pink salmon population dynamics. The results indicate substantial coherence in 
survival at nested spatial scales — large-scale regional covariation and smaller scale 
covariation within management areas. Populations exposed to salmon farms (those from 
the Broughton Archipelago) show a sharp decline in productivity during sea lice 
infestations relative to pre-infestation years. Unexposed populations (comprising four 
management areas) did not experience a change in productivity during infestation years 
and had similar productivity to exposed populations before infestations. Our results 
suggest that sea lice infestations may result in declines ofpink salmon populations and 
that management and policy of salmon farms should consider protecting wild juvenile 
salmon from exposure to sea lice. 
 

Krkošek, M., Hilborn, R., Peterman, R. M., & Quinn, T. P. (2011). Cycles, stochasticity and 
density dependence in pink salmon population dynamics. Proceedings of the Royal 
Society B: Biological Sciences, 278(1714), 2060–2068. doi:10.1098/rspb.2010.2335 
Complex dynamics of animal populations often involve deterministic and stochastic 
components. A fascinating example is the variation in magnitude of 2-year cycles in 
abundances of pink salmon (Oncorhynchus gorbuscha) stocks along the North Pacific 
rim. Pink salmon have a 2-year anadromous and semelparous life cycle, resulting in odd- 
and even-year lineages that occupy the same habitats but are reproductively isolated in 
time. One lineage is often much more abundant than the other in a given river, and there 
are phase switches in dominance between odd- and even-year lines. In some regions, the 
weak line is absent and in others both lines are abundant. Our analysis of 33 stocks 
indicates that these patterns probably result from stochastic perturbations of damped 
oscillations owing to density-dependent mortality caused by interactions between 
lineages. Possible mechanisms are cannibalism, disease transmission, food depletion and 
habitat degradation by which one lineage affects the other, although no mechanism has 
been well-studied. Our results provide comprehensive empirical estimates of lagged 
density-dependent mortality in salmon populations and suggest that a combination of 
stochasticity and density dependence drives cyclical dynamics of pink salmon stocks. 
 

Krkošek, M., Lewis, M. A., Morton, A., Frazer, L. N., & Volpe, J. P. (2006). Epizootics of 
wild fish induced by farm fish. Proceedings of the National Academy of Sciences, 
103(42), 15506–15510. doi:10.1073/pnas.0603525103 
The continuing decline of ocean fisheries and rise of global fish consumption has driven 
aquaculture growth by 10% annually over the last decade. The association of fish farms 
with disease emergence in sympatric wild fish stocks remains one of the most 
controversial and unresolved threats aquaculture poses to coastal ecosystems and 
fisheries. We report a comprehensive analysis of the spread and impact of farm-origin 

62 
 



parasites on the survival of wild fish populations. We mathematically coupled extensive 
data sets of native parasitic sea lice (Lepeophtheirus salmonis) transmission and 
pathogenicity on migratory wild juvenile pink (Oncorhynchus gorbuscha) and chum 
(Oncorhynchus keta) salmon. Farm-origin lice induced 9–95% mortality in several 
sympatric wild juvenile pink and chum salmon populations. The epizootics arise through 
a mechanism that is new to our understanding of emerging infectious diseases: fish farms 
undermine a functional role of host migration in protecting juvenile hosts from parasites 
associated with adult hosts. Although the migratory life cycles of Pacific salmon 
naturally separate adults from juveniles, fish farms provide L. salmonis novel access to 
juvenile hosts, in this case raising infection rates for at least the first ≈2.5 months of the 
salmon’s marine life (≈80 km of the migration route). Spatial segregation between 
juveniles and adults is common among temperate marine fishes, and as aquaculture 
continues its rapid growth, this disease mechanism may challenge the sustainability of 
coastal ecosystems and economies. 
 

Krkošek, M., Morton, A., Volpe, J. P., & Lewis, M. A. (2009). Sea lice and salmon 
population dynamics: effects of exposure time for migratory fish. Proceedings of the 
Royal Society B: Biological Sciences, 276(1668), 2819–2828. 
doi:10.1098/rspb.2009.0317 
The ecological impact of parasite transmission from fish farms is probably mediated by 
the migration of wild fishes, which determines the period of exposure to parasites. For 
Pacific salmon and the parasitic sea louse, Lepeophtheirus salmonis, analysis of the 
exposure period may resolve conflicting observations of epizootic mortality in field 
studies and parasite rejection in experiments. This is because exposure periods can differ 
by 2–3 orders of magnitude, ranging from months in the field to hours in experiments. 
We developed a mathematical model of salmon–louse population dynamics, parametrized 
by a study that monitored naturally infected juvenile salmon held in ocean enclosures. 
Analysis of replicated trials indicates that lice suffer high mortality, particularly during 
pre-adult stages. The model suggests louse populations rapidly decline following brief 
exposure of juvenile salmon, similar to laboratory study designs and data. However, 
when the exposure period lasts for several weeks, as occurs when juvenile salmon 
migrate past salmon farms, the model predicts that lice accumulate to abundances that 
can elevate salmon mortality and depress salmon populations. The duration of parasite 
exposure is probably critical to salmon–louse population dynamics, and should therefore 
be accommodated in coastal planning and management where fish farms are situated on 
wild fish migration routes. 
 

LaCroix, J. J., Wertheimer, A. C., Orsi, J. A., Sturdevant, M. V., Fergusson, E. A., & Bond, 
N. A. (2009). A top-down survival mechanism during early marine residency 
explains coho salmon year-class strength in southeast Alaska. Deep Sea Research 
Part II: Topical Studies in Oceanography, 56(24), 2560–2569. 
doi:10.1016/j.dsr2.2009.03.006 
Coho salmon (Oncorhynchus kisutch) are a vital component in the southeast Alaska 
marine ecosystem and are an important regional fishery resource; consequently, 
understanding mechanisms affecting their year-class strength is necessary from both 
scientific and management perspectives. We examined correlations among juvenile coho 
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salmon indices, associated biophysical variables, and adult coho salmon harvest data 
from southeast Alaska over the years 1997–2006. We found no relationship between 
summer indices of juvenile coho salmon growth, condition, or abundance with 
subsequent harvest of adult coho salmon in the region. However, using stepwise 
regression, we found that variation in adult coho salmon harvest was largely explained by 
indices of juvenile pink salmon (Oncorhynchus gorbuscha) abundance (67%) and 
zooplankton abundance (24%). To determine if high juvenile pink salmon abundance 
indicates favorable “bottom-up” lower trophic level environmental conditions for 
juvenile coho salmon, we plotted abundance of juvenile pink salmon against growth and 
condition of juvenile coho salmon. No change in growth or condition of juvenile coho 
salmon was observed in relation to the abundance index for juvenile pink salmon. 
Therefore, we hypothesize that coho salmon year-class strength in southeast Alaska is 
influenced by a “top-down” predator control mechanism that results from more abundant 
juvenile pink salmon, which serve as a predator buffer during early marine residency. 
 

MacFarlane, R. B. (2010). Energy dynamics and growth of Chinook salmon (Oncorhynchus 
tshawytscha) from the Central Valley of California during the estuarine phase and 
first ocean year. Canadian Journal of Fisheries and Aquatic Sciences, 67(10), 1549–
1565. doi:10.1139/F10-080 
The greatest rates of energy accumulation and growth in subyearling Chinook salmon 
(Oncorhynchus tshawytscha) occurred during the first month following ocean entry, 
supporting the importance of this critical period. Data from an 11-year study in the 
coastal ocean off California and the San Francisco Estuary revealed that juvenile salmon 
gained 3.2 kJ·day–1 and 0.8 g·day–1, representing 4.3%·day–1 and 5.2% day–1, 
respectively, relative to estuary exit values. Little gain in energy (0.28 kJ·day–1) or size 
(0.07 g·day–1) occurred in the estuary, indicating that the nursery function typically 
ascribed to estuaries can be deferred to initial ocean residence. Calculated northern 
anchovies (Engraulis mordax) equivalents to meet energy gains were one anchovy per 
day in the estuary (8% body weight·day–1) and about three per day immediately 
following ocean entry (15% body weight·day–1). Energy content in the estuary was 
positively related to higher salinity and lower freshwater outflow, whereas in the ocean, 
cooler temperatures, lower sea level, and greater upwelling resulted in greater gains. 
These results suggest that greater freshwater flows, warmer sea temperatures, and 
reduced or delayed upwelling, all of which are indicated by some (but not all) climate 
models, will likely decrease growth of juvenile Chinook salmon, leading to reduced 
survival. 
 

Mackas, D. L., Batten, S., & Trudel, M. (2007). Effects on zooplankton of a warmer ocean: 
Recent evidence from the Northeast Pacific. Progress in Oceanography, 75(2), 223–
252. doi:10.1016/j.pocean.2007.08.010 
The consequences for pelagic communities of warming trends in mid and high latitude 
ocean regions could be substantial, but their magnitude and trajectory are not yet known. 
Environmental changes predicted by climate models (and beginning to be confirmed by 
observations) include warming and freshening of the upper ocean and reduction in the 
extent and duration of ice cover. One way to evaluate response scenarios is by comparing 
how “similar” zooplankton communities have differed among years and/or locations with 
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differing temperature. The subarctic Pacific is a strong candidate for such comparisons, 
because the same mix of zooplankton species dominates over a wide range of 
temperature climatologies, and observations have spanned substantial temperature 
variability at interannual-to-decadal time scales. In this paper, we review and extend 
copepod abundance and phenology time series from net tow and Continuous Plankton 
Recorder surveys in the subarctic Northeast Pacific. The two strongest responses we have 
observed are latitudinal shifts in centers of abundance of many species (poleward under 
warm conditions), and changes in the life cycle timing of Neocalanus plumchrus in both 
oceanic and coastal regions (earlier by several weeks in warm years and at warmer 
locations). These zooplankton data, plus indices of higher trophic level responses such as 
reproduction, growth and survival of pelagic fish and seabirds, are all moderately-to-

strongly intercorrelated (∣r∣ = 0.25–0.8) with indices of local and basin-scale temperature 

anomalies. A principal components analysis of the normalized anomaly time series from 
1979 to 2004 shows that a single “warm-and-low-productivity” vs. “cool-and-high-
productivity” component axis accounts for over half of the variance/covariance. Prior to 
1990, the scores for this component were negative (“cool” and “productive”) or near zero 
except positive in the El Niño years 1983 and 1987. The scores were strongly and 
increasingly positive (“warm” and “low productivity”) from 1992 to 1998; negative from 
1999 to 2002; and again increasingly positive from 2003-present. We suggest that, in 
strongly seasonal environments, anomalously high temperature may provide misleading 
environmental cues that contribute to timing mismatch between life history events and 
the more-nearly-fixed seasonality of insolation, stratification, and food supply. 
 

Mages, P. A., & Dill, L. M. (2010). The effect of sea lice (Lepeophtheirus salmonis) on 
juvenile pink salmon (Oncorhynchus gorbuscha) swimming endurance. Canadian 
Journal of Fisheries and Aquatic Sciences, 67(12), 2045–2051. doi:10.1139/F10-121 
The swimming endurance of naturally and experimentally infected juvenile pink salmon 
(Oncorhynchus gorbuscha) was measured to determine the effects of sea lice 
(Lepeophtheirus salmonis). Salmon naturally infected with adult male and preadult stage 
lice did not appear to have a reduced swim performance, but when experimentally 
infected with adult female lice, juvenile salmon showed a reduced ability to swim 
compared with uninfected control fish, and this effect increased with lice load. A reduced 
swimming endurance is not only likely to influence predation risk for salmon, but may 
have other ecological implications, such as slower seaward migration. 
 

Maier, G. O., & Simenstad, C. A. (2009). The role of marsh-derived macrodetritus to the 
food webs of juvenile Chinook salmon in a large altered estuary. Estuaries and 
Coasts, 32(5), 984–998. doi:10.1007/s12237-009-9197-1 
The goal of this study was to determine the food web pathways supporting juvenile 
Chinook (Oncorhynchus tshawytscha) salmon in the Columbia River estuary through 
multiple stable isotope analysis (δ13C, δ15N, δ34S). Using this method, we distinguished 
the role of various organic matter sources in Chinook food webs and interpreted the 
dynamics of their use both spatially and temporally within the estuary. Our results 
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indicate that subyearling Chinook are associated with fluvial, anthropogenic, estuarine, 
and marine organic matter sources, with hatchery food and vascular plant detritus being 
the most dominant sources in juvenile Chinook food webs. Although freshwater 
phytoplankton is involved in many food web pathways to subyearling Chinook, increased 
phytoplankton production from the impounded river has not replaced the loss of 
autochthonous marsh production to fish. Our results indicate that large-scale ecosystem 
alteration may have decreased the availability and quality of food webs in the estuary and 
potentially diminished the ability of the Columbia to support Chinook salmon. 
 

Malick, M. J., Adkison, M. D., & Wertheimer, A. C. (2009). Variable effects of biological 
and environmental processes on coho salmon marine survival in Southeast Alaska. 
Transactions of the American Fisheries Society, 138(4), 846–860. doi:10.1577/T08-
177.1 
Correlation analyses, linear regression models, and multistock mixed effects models were 
used to examine the relationships between coho salmon Oncorhynchus kisutch marine 
survival and six biological and environmental covariates across 14 southeast Alaska 
(SEAK) stocks. A primary focus of the study was to investigate the influence of pink 
salmon O. gorbuscha and chum salmon O. keta fry abundances on coho salmon marine 
survival. The coho salmon stocks exhibited strong covariation; 88 of the 91 pairwise 
comparisons among the coho salmon stocks covaried positively and 54 of them were 
significant (P < 0.05). Only one of the covariates, the North Pacific index, which is a 
measure of the Aleutian low pressure zone, had consistent relationships (positive) across 
all 14 stocks. The other covariates, including freshwater discharge, the Pacific decadal 
oscillation, sea-surface temperature, and two indices of pink salmon and chum salmon fry 
abundances, all had inconsistent relationships with marine survival. The best-fit linear 
regression models varied greatly among the 14 stocks, as did the R2 values, which ranged 
from 0.00 to 0.54. An index representing local hatchery pink salmon and chum salmon 
fry abundance was the most important variable in explaining the variation in marine 
survival, having a stronger estimated effect on survival than an index of local wild pink 
salmon fry abundance. The magnitude and sign of the hatchery pink salmon and chum 
salmon effect varied greatly among different localities. Our results suggest that (1) SEAK 
coho salmon stocks are not equally influenced by the same factors and (2) there are 
factors that appear to affect marine survival of SEAK coho salmon stocks at varying 
spatial scales. This study also provides evidence that coho salmon stocks throughout 
SEAK experience some degree of regional concordance in the marine environment but 
also that local stock-specific conditions are important in fully understanding variation in 
marine survival. 
 

Malick, M. J., Haldorson, L. J., Piccolo, J. J., & Boldt, J. L. (2011). Growth and survival in 
relation to body size of juvenile pink salmon in the northern Gulf of Alaska. Marine 
and Coastal Fisheries, 3(1), 261–270. doi:10.1080/19425120.2011.593467 
The abundance of anadromous salmon is partially determined by size-selective mortality 
during the early marine life phase. Consequently, identifying the growth patterns of 
juvenile salmon during this life phase is important in understanding the dynamics of 
salmon populations. We examined patterns of early marine growth in juvenile pink 
salmon Oncorhynchus gorbuscha released by four hatcheries in Prince William Sound 
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(PWS), Alaska, and explored how these patterns related to marine survival. Since larger 
individuals are thought to experience reduced mortality, we partitioned the data into 
weight-based quartiles and compared growth rates (% body weight/d) of all fish, the 
largest fish (top 25%), and the smallest fish (bottom 25%). Sampling occurred during 
summer 1997–2004 in PWS, the inshore Gulf of Alaska (GOA), and the offshore GOA. 
Growth rates varied significantly among years and sampling locations; however, the 
growth rate patterns were markedly similar among size-groups and hatcheries. Growth 
rates tended to be high in 1997, 2002, and 2004 and lower in 1998, 2001, and 2003. Fish 
sampled in the offshore GOA typically had faster growth rates than those sampled 
elsewhere, although this was less pronounced for the largest fish. For all size-groups, the 
relationship between survival and growth rate was strongest for fish captured in the 
offshore GOA and weakest for those captured in PWS, indicating that the likelihood of 
survival is greater for juveniles that migrate offshore earlier. The strength of the growth 
rate–survival relationship for pink salmon captured in the offshore GOA was similar 
among all size-groups, suggesting that once fish migrate offshore they are less vulnerable 
to size-selective predation. 
 

Mantua, N. J., Taylor, N. G., Ruggerone, G. T., Myers, K. W., Preikshot, D., Augerot, X., 
Davis, N. D., Dorner, B., Hilborn, R., Peterman, R. M., Rand, P., Schindler, D., 
Stanford, J., Walker, R. V., & Walters, C. J. (2007). The salmon MALBEC project: 
a North Pacific-scale study to support salmon conservation planning. North Pacific 
Anadromous Fish Comission Document, 1060, 49 pp. 
The Model for Assessing Links Between Ecosystems (MALBEC) is a policy gaming tool 
with potential to explore the impacts of climate change, harvest policies, hatchery 
policies, and freshwater habitat capacity changes on salmon at the North Pacific scale. 
This document provides background information on the MALBEC project, methods, 
input data, and preliminary results pertaining to (1) hatchery versus wild salmon 
production in the North Pacific Ocean, (2) rearing, movement, and interactions among 
Pacific salmon populations in marine environments, (3) marine carrying capacities, 
density-dependent growth, and survival in Pacific salmon stocks, and (4) climate impacts 
on productivity in salmon habitat domains across the North Pacific. The basic modeling 
strategy underlying MALBEC follows the full life-cycle of salmon and allows for 
density-dependence at multiple life stages, and it includes spatially explicit ecosystem 
considerations for both freshwater and marine habitat. The model is supported by a data 
base including annual run-sizes, catches, spawning escapements, and hatchery releases 
for 146 regional stock groups of hatchery and wild pink, chum, and sockeye salmon 
around the North Pacific for the period 1952-2000. These data show that hatchery salmon 
contribute significantly to overall abundance of salmon in some regions and that hatchery 
chum salmon abundance has exceed that of wild chum salmon since the early 1980s. For 
this historical period, various hypotheses about density dependent interactions in the 
marine environment are evaluated based on the goodness of fit between simulated and 
observed annual run-sizes. While the model does not reproduce the observed data for 
some specific stock groups, it does predict the same overall production pattern that was 
observed by reconstructing run sizes with catch and escapement data alone. Our 
preliminary results indicate that simulations that include density-dependent interactions in 
the ocean yield better fits to the observed run-size data than those simulations without 
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density-dependent interactions in the ocean. This suggests that for any level of ocean 
productivity, the ocean will only support a certain biomass of fish but that this biomass 
could consist of different combinations of stocks, stock numbers and individual fish size. 
MALBEC simulations illustrate this point by showing that under scenarios of Pacific-
wide reduced hatchery production the total wild number of Alaskan chum salmon 
increases, and that such increases are large where density-dependent effects on survival 
are large and small where they are not. Under scenarios with reduced freshwater carrying 
capacities for wild stocks, the impacts of density-dependent interactions also lead to 
relative increases in ocean survival and growth rates for stocks using ocean habitats 
where density-dependence is large. While much progress has been made in the Salmon 
MALBEC project, this effort is still evolving and aims to tackle several important issues 
in the near future, including analyses of scenarios for climate change impacts on 
freshwater and marine carrying capacities, using results from the remote-sensing based 
Pacific Rim River Typology Project to better estimate habitat-defined freshwater carrying 
capacity for salmon, and ultimately to use MALBEC to test the outcomes of various 
policy decisions in the face of climate, habitat, and management uncertainty.  

  
Martinson, E. C., Helle, J. H., Scarnecchia, D. L., & Stokes, H. H. (2008). Density-

dependent growth of Alaska sockeye salmon in relation to climate–oceanic regimes, 
population abundance, and body size, 1925 to 1998. Marine Ecology Progress Series, 
370, 1–18. doi:10.3354/meps07665 
To better understand how density-dependent growth of ocean-dwelling Pacific salmon 
varied with climate and population dynamics, we examined the marine growth of sockeye 
salmon Oncorhynchus nerka in relation to an index of sockeye salmon abundances 
among climate regimes, population abundances, and body sizes under varied life-history 
stages, from 1925 to 1998, using ordinary least squares and multivariate adaptive 
regression spline threshold models. The annual marine growth and body size during the 
juvenile, immature, and maturing life stages were estimated from growth pattern 
increments on the scales of adult age 2.2 sockeye salmon that returned to spawn at Karluk 
River and Lake on Kodiak Island, Alaska. Intra-specific density-dependent growth was 
inferred from inverse relationships between growth and sockeye salmon abundance based 
on commercial harvest. Density-dependent growth occurred in all marine life stages, 
during the cool regime, at lower abundance levels, and at smaller body sizes at the start of 
the juvenile life stage. The finding that density dependence occurred during the cool 
regime and at low population abundances suggests that a shift to a cool regime or extreme 
warm regime at higher population abundances could further reduce the marine growth of 
salmon and increase competition for resources. 
 

Martinson, E. C., Helle, J. H., Scarnecchia, D. L., & Stokes, H. H. (2009). Growth and 
survival of sockeye salmon (Oncorhynchus nerka) from Karluk Lake and River, 
Alaska, in relation to climatic and oceanic regimes and indices, 1922-2000. Fishery 
Bulletin, 107(4), 488–500. 
We examined whether the relationship between climate and salmon production was 
linked through the effect of climate on the growth of sockeye salmon (Oncorhynchus 
nerka) at sea. Smolt length and juvenile, immature, and maturing growth rates were 
estimated from increments on scales of adult sockeye salmon that returned to the Karluk 
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River and Lake system on Kodiak Island, Alaska, over 77 years, 1924-2000. Survival 
was higher during the warm climate regimes and lower during the cool regime. Growth 
was not correlated with survival, as estimated from the residuals of the Ricker stock-
recruitment model. Juvenile growth was correlated with an atmospheric forcing index and 
immature growth was correlated with the amount of coastal precipitation, but the 
magnitude of winter and spring coastal downwelling in the Gulf of Alaska and the Pacific 
Northwest atmospheric patterns that influence the directional bifurcation of the Pacific 
Current were not related to the growth of Karluk sockeye salmon. However, indices of 
sea surface temperature, coastal precipitation, and atmospheric circulation in the eastern 
North Pacific were correlated with the survival of Karluk sockeye salmon. Winter and 
spring precipitation and atmospheric circulation are possible processes linking survival to 
climate variation in Karluk sockeye salmon. 
 

Martinson, E. C., Stokes, H. H., & Scarnecchia, D. L. (2012). Use of juvenile salmon growth 
and temperature change indices to predict groundfish post age-0 yr class strengths 
in the Gulf of Alaska and eastern Bering Sea. Fisheries Oceanography, 21(4), 307–
319. doi:10.1111/j.1365-2419.2012.00626.x 
Juvenile marine growth (SW1) of salmon and a new temperature change (TC) index were 
evaluated as ecosystem indicators and predictors for the post age-0 year class strength 
(YCS) of groundfish in the Gulf of Alaska (GOA) and eastern Bering Sea (EBS). Our 
hypothesis was that SW1, as measured on the scales of adult Pacific salmon 
(Oncorhynchus spp.), is a proxy for ocean productivity on the continental shelf, a rearing 
area for young salmon and groundfish. Less negative TC index values are the result of a 
cool late summer followed by a warm spring, conditions favorable for groundfish YCS. 
In the GOA, SW1 was a positive predictor of age-1 pollock (Theragra chalcogramma), 
but not age-2 sablefish (Anoplopoma fimbria) YCS, indicating that the growth of the 
Karluk River sockeye salmon that enter Shelikof Strait is a proxy for ocean conditions 
experienced by age-0 pollock. Contrary to our hypotheses, the TC index was a negative 
predictor of GOA pollock YCS; and the SW1 a negative predictor of EBS pollock and 
cod YCS since the 1980s. Recent fisheries oceanography survey results provide insight 
into possible mechanisms to support the inverse SW1 and YCS relationship. For the EBS, 
the TC index was a significant positive predictor for pollock and cod YCS, supporting the 
hypothesis that a cool late summer followed by a warm spring maximizes the over-
wintering survival of pollock and cod (Gadus macrocephalus), especially since the 1980s. 
The TC and SW1 index showed value for the assessment of pollock and cod, but not 
sablefish. 
 

Marty, G. D., Saksida, S. M., & Quinn, T. J. (2010). Relationship of farm salmon, sea lice, 
and wild salmon populations. Proceedings of the National Academy of Sciences, 
107(52), 22599–22604. doi:10.1073/pnas.1009573108 
Increased farm salmon production has heightened concerns about the association between 
disease on farm and wild fish. The controversy is particularly evident in the Broughton 
Archipelago of Western Canada, where a high prevalence of sea lice (ectoparasitic 
copepods) was first reported on juvenile wild pink salmon (Oncorhynchus gorbuscha) in 
2001. Exposure to sea lice from farmed Atlantic salmon (Salmo salar) was thought to be 
the cause of the 97% population decline before these fish returned to spawn in 2002, 
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although no diagnostic investigation was done to rule out other causes of mortality. To 
address the concern that sea lice from fish farms would cause population extinction of 
wild salmon, we analyzed 10–20 y of fish farm data and 60 y of pink salmon data. We 
show that the number of pink salmon returning to spawn in the fall predicts the number of 
female sea lice on farm fish the next spring, which, in turn, accounts for 98% of the 
annual variability in the prevalence of sea lice on outmigrating wild juvenile salmon. 
However, productivity of wild salmon is not negatively associated with either farm lice 
numbers or farm fish production, and all published field and laboratory data support the 
conclusion that something other than sea lice caused the population decline in 2002. We 
conclude that separating farm salmon from wild salmon—proposed through coordinated 
fallowing or closed containment—will not increase wild salmon productivity and that 
medical analysis can improve our understanding of complex issues related to aquaculture 
sustainability. 
 

McGlauflin, M. T., Schindler, D. E., Seeb, L. W., Smith, C. T., Habicht, C., & Seeb, J. E. 
(2011). Spawning habitat and geography influence population structure and 
juvenile migration timing of sockeye salmon in the Wood River lakes, Alaska. 
Transactions of the American Fisheries Society, 140(3), 763–782. 
doi:10.1080/00028487.2011.584495 
The strict homing of sockeye salmon Oncorhynchus nerka results in reproductively 
isolated populations that often spawn in close proximity and share rearing habitat. High 
spawning fidelity enables these populations to adapt to local conditions, resulting in a 
wide range of life history characteristics and genetic variation within individual 
watersheds. The Wood River system in southwestern Alaska provides a pristine, well-
studied system in which to examine fine-scale population structure and its influences on 
juvenile life histories. Adult sockeye salmon spawn in lake beaches, rivers, and small 
tributaries throughout this watershed, and juveniles rear in five nursery lakes. We 
genotyped 30 spawning populations and 6,066 migrating smolts at 45 single nucleotide 
polymorphism loci, two of which are candidates for positive selection in the study 
system. We show that there is significant genetic structure (F ST = 0.032) in the Wood 
River lakes and that divergence is generally related to spawning rather than nursery 
habitat (hierarchical analysis of molecular variance; P < 0.05). Four groups of 
populations were identified based on genetic structure and used to determine the 
composition of unknown mixtures of migrating smolts using a Bayesian modeling 
framework. We demonstrate that smolt migration timing is related to genetic structure; 
stream and river populations dominate catches in early June, while beach spawners and 
the populations in Lake Kulik are more prevalent from mid-June to early September. 
Age-2 smolts are primarily produced by the Lake Kulik and beach spawning populations, 
showing that genetic differences may reflect divergent freshwater and migration life 
history strategies. These results indicate that local adaptation to spawning habitat 
influences genetic divergence in the Wood River lakes, affecting both adult and juvenile 
life stages of sockeye salmon. 
 

McKinnell, S., & Reichardt, M. (2012). Early marine growth of juvenile Fraser River 
sockeye salmon (Oncorhynchus nerka) in relation to juvenile pink (Oncorhynchus 
gorbuscha) and sockeye salmon abundance. Canadian Journal of Fisheries and 
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Aquatic Sciences, 69(9), 1499–1512. doi:10.1139/f2012-078 
Mortality of salmon in the ocean is considered to be greatest during the first few months 
and that its magnitude is an inverse of growth. First year marine growth (M1) in two 
Fraser River sockeye salmon (Oncorhynchus nerka) populations was positively 
correlated, reflecting a shared oceanic experience as postsmolts. M1 declined abruptly in 
both populations after 1977, corresponding to a well-documented change in climate. The 
reduction in average M1 was not accompanied by a detectable reduction in average 
survival. In both populations, M1 was significantly greater in even years when juvenile 
pink salmon (Oncorhynchus gorbuscha) are abundant in the Strait of Georgia, suggesting 
that interspecific competition there has little effect on M1. All correlations of M1 with 
regional pink salmon or sockeye salmon abundances, lagged to align ocean entry years, 
were negative, but few (pink) or none (sockeye) were statistically significant. The 
negative correlations were due to the long-term changes pink salmon abundance 
increasing, sockeye M1 smaller). Odd year dominance of juvenile pink salmon in 
northern British Columbia, Canada, is persistent and corresponds with the biennial 
pattern of M1 variation in Fraser River sockeye salmon and may be the source of the 
significant odd-even year line effect on M1. 
 

McMichael, G. A., Hanson, A. C., Harnish, R. A., & Trott, D. M. (2013). Juvenile salmonid  
migratory behavior at the mouth of the Columbia River and within the plume. 
Animal Biotelemetry, 1(1), 1–16. doi:10.1186/2050-3385-1-14  
Background: Early ocean experience is a critical time period that affects juvenile 
salmonid survival. Understanding juvenile salmonid behavior in nearshore marine 
environments and how oceanic conditions (such as dynamic river plume habitats) affect 
salmonid migration will contribute to salmonid survival studies and conservation and 
management efforts. Relatively few studies have been conducted on juvenile salmonid 
behavior as they migrate out the mouth of the Columbia River and some studies suggest 
that juvenile salmonids typically migrate north immediately upon entry into the ocean 
from the Columbia River. We present findings from a study that used acoustic telemetry 
to determine the migratory direction, residence time, and travel rate of juvenile salmonids 
as they left the Columbia River and entered the marine environment. Results A total of 
8,159 acoustic-tagged salmonid smolts were detected at the mouth of the Columbia 
River. Of the fish detected at the mouth, an estimated 16% of yearling Chinook salmon, 
10% of steelhead, and 26% of subyearling Chinook salmon were detected on a sparse 
array deployed outside the mouth of the Columbia River in the vicinity of the plume. The 
travel rate of Chinook salmon smolts decreased as they left the river and entered the 
marine environment, whereas the travel rate of steelhead increased. Chinook salmon also 
spent more time in the transitional area between the river mouth and plume compared to 
steelhead. In early spring, yearling Chinook salmon and steelhead were predominately 
detected on the plume array towards the edge of the shelf and to the south. Later in the 
season, yearling Chinook salmon and steelhead smolts were more often detected north of 
the river mouth. Subyearling Chinook salmon were most often detected on the portion of 
the plume array to the north of the river mouth. Conclusions: Our study showed that 
salmonid smolt migration out of the river into the nearshore marine environment appears 
to vary across species, season, and age class, and may be influenced by local 
environmental conditions. Direction of movement upon ocean entry cannot be assumed 
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and is likely influenced by oceanic conditions such as wind and currents. We also 
present, for the first time, the utility of the Juvenile Salmon Acoustic Telemetry System 
(JSATS) to monitor the behavior of juvenile fish in the marine environment. Our results 
will help inform future studies using telemetry and hydroacoustics as well as trawl 
surveys to assess nearshore ocean juvenile salmonid distribution, behavior, and survival. 
 

Melnychuk, M. C., Christensen, V., & Walters, C. J. (2013). Meso-scale movement and 
mortality patterns of juvenile coho salmon and steelhead trout migrating through a 
coastal fjord. Environmental Biology of Fishes, 96(2-3), 325–339. doi:10.1007/s10641-
012-9976-6 
Early marine life is thought to be a critical period affecting recruitment of Pacific salmon 
populations, but movements and mortality patterns of juvenile salmon after ocean entry 
have been poorly documented. Transect surveys by boat with towed hydrophone and 
acoustic receiver, along with lines of stationary receivers, were used to quantify early 
ocean movement and mortality patterns of juvenile coho salmon (Oncorhynchus kisutch) 
and steelhead trout (O. mykiss) tagged with acoustic transmitters (>700 tagged). Salmon 
smolts showed no behavioural preference with respect to distance from shorelines while 
migrating through Howe Sound, a coastal fjord. There was no evidence of spatial bias in 
mortality locations in terms of distance either to shorelines or from the river mouth, 
suggesting that mortality locations were scattered soon after ocean entry rather than 
concentrated right at the river mouth. Movement patterns of some tags (annual estimates 
of 5–20% of smolts that survived the downstream migration) were suggestive of estuarine 
predation, with detected tags likely inside predator stomachs. Using only detection data 
from mobile transects, a distance-based mortality rate was estimated for coho smolts 
while accounting for imperfect detection efficiency of transect surveys. The estimate of 
2.4% per km during the 40 km migration through the fjord was comparable to average 
annual mortality rates estimated using detection data from stationary acoustic receivers, 
but required pooling multiple years of data. This suggests that mobile transect surveys of 
tagged migrating fish are likely insufficient for estimating annual mortality rates, but 
mobile detection data can complement those from stationary receiver arrays to further 
refine mortality estimates and provide information about fish movement patterns between 
lines of stationary receivers. This work provides an important methodological 
comparison between biotelemetry approaches for migrating fishes as well as the most 
comprehensive description to date of spatial marine mortality patterns of juvenile coho 
salmon and steelhead trout. 
 

Melnychuk, M. C., Korman, J., Haush, S., Welch, D. W., McCubbing, D. J. F., & Walters, 
C.  

J. (2014). Marine survival difference between wild and hatchery-reared steelhead 
trout determined during early downstream migration. Canadian Journal of 
Fisheries and Aquatic Sciences, in press.  
We observed large survival differences between wild and hatchery-reared steelhead trout 
during the juvenile downstream migration immediately after release, which persisted 
through adult life. Following a railway spill of sodium hydroxide into the Cheakamus 
River, British Columbia, a short-term conservation hatchery rearing program was 
implemented for steelhead. 25 We used acoustic telemetry and mark-recapture models to 
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estimate survival of wild and/or hatchery-reared steelhead during four years of the smolt 
migration, with both groups released in 2008. After adjusting for estimated freshwater 
residualisation, 7–13% of wild smolts and 30– 40% of hatchery smolts died in the first 3 
km of the migration. Estimated survival from release to ocean entry was 71–84% for wild 
fish and 26–40% for hatchery fish, and to exit from the Strait 30 of Georgia system was 
22–33% for wild fish and 3.5–6.7% for hatchery fish. A calculated 2.3- fold survival 
difference established during the downstream migration was similar to that after the 
return of adult spawners, as return rates were 8.0% for wild fish and 4.1% for hatchery 
fish. Contrary to current understanding, a large proportion of salmon mortality in the 
smolt-to-adult period, commonly termed “marine mortality”, may actually occur prior to 
ocean entry. 

 
Melnychuk, M. C., Walters, C. J., Christensen, V., Bothwell, M. L., & Welch, D. W. (2012). 

Effects of solar ultraviolet radiation exposure on early ocean survival and fry-to-
smolt growth of juvenile salmon. Marine Ecology Progress Series, 457, 251–264. 
doi:10.3354/meps09426 
Marine survival rates of many juvenile salmon populations have declined in recent 
decades. Although several potential causes have been proposed, there has been little 
conclusive evidence for which factors are responsible or not responsible for these 
declines. We experimentally addressed the hypothesis that exposure of coho salmon 
Oncorhynchus kisutch or sockeye salmon O. nerka to solar ultraviolet-B radiation (UVB) 
during freshwater rearing of fry and parr life-history stages increases mortality at the time 
of smoltification and ocean entry. Juvenile coho and sockeye salmon were reared in 
outdoor hatchery tanks either exposed to full spectrum sunlight or shielded from UVB 
radiation by plastic screens for up to 9 mo prior to release. Smolts were tagged with 
acoustic transmitters and detected with hydrophone receivers during their downriver and 
early ocean migration. Survival of treatment groups was compared using Cormack-Jolly-
Seber and Burnham mark-recapture models. While exposure to UVB resulted in 
decreased growth of juvenile coho salmon, survivorship during the early marine period 
was unaffected by the UVB treatment for both populations. This first attempt to 
experimentally address the hypothesis of impaired survival resulting from solar UVB 
radiation has shown that other factors are more likely responsible for observed declines in 
salmon marine survival rates. 
 

Melnychuk, M. C., Welch, D. W., & Walters, C. J. (2010). Spatio-temporal migration 
patterns of Pacific salmon smolts in rivers and coastal marine waters. PLoS ONE, 
5(9), e12916. doi:10.1371/journal.pone.0012916 
Background: Migrations allow animals to find food resources, rearing habitats, or mates, 
but often impose considerable predation risk. Several behavioural strategies may reduce 
this risk, including faster travel speed and taking routes with shorter total distance. 
Descriptions of the natural range of variation in migration strategies among individuals 
and populations is necessary before the ecological consequences of such variation can be 
established. Methodology/Principal Findings: Movements of tagged juvenile coho, 
steelhead, sockeye, and Chinook salmon were quantified using a large-scale acoustic 
tracking array in southern British Columbia, Canada. Smolts from 13 watersheds (49 
watershed/species/year combinations) were tagged between 2004–2008 and combined 
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into a mixed-effects model analysis of travel speed. During the downstream migration, 
steelhead were slower on average than other species, possibly related to freshwater 
residualization. During the migration through the Strait of Georgia, coho were slower 
than steelhead and sockeye, likely related to some degree of inshore summer residency. 
Hatchery-reared smolts were slower than wild smolts during the downstream migration, 
but after ocean entry, average speeds were similar. In small rivers, downstream travel 
speed increased with body length, but in the larger Fraser River and during the coastal 
migration, average speed was independent of body length. Smolts leaving rivers located 
towards the northern end of the Strait of Georgia ecosystem migrated strictly northwards 
after ocean entry, but those from rivers towards the southern end displayed split-route 
migration patterns within populations, with some moving southward. 
Conclusions/Significance: Our results reveal a tremendous diversity of behavioural 
migration strategies used by juvenile salmon, across species, rearing histories, and 
habitats, as well as within individual populations. During the downstream migration, 
factors that had strong effects on travel speeds included species, wild or hatchery-rearing 
history, watershed size and, in smaller rivers, body length. During the coastal migration, 
travel speeds were only strongly affected by species differences. 
 

Melnychuk, M. C., Welch, D. W., Walters, C. J., & Christensen, V. (2007). Riverine and 
early ocean migration and mortality patterns of juvenile steelhead trout 
(Oncorhynchus mykiss) from the Cheakamus River, British Columbia. 
Hydrobiologia, 582(1), 55–65. doi:10.1007/s10750-006-0541-1 
High mortality (65–73%) occurred in the first month of the smolt migration in a 
population of wild steelhead trout. We used acoustic telemetry to monitor the 
downstream, estuarine, and early ocean migration of tagged smolts and estimate their 
mortality rates. After entering the Strait of Georgia most smolts migrated north through 
Johnstone and Queen Charlotte Straits rather than south through the Strait of Juan de 
Fuca. Of 51 smolts tagged in 2004 (49 in 2005), 36–38 (41–42) survived to leave 
freshwater and 14–19 (13–14) survived to leave the Strait of Georgia system. Mortality 
rates in separate segments of the migration were correlated with segment distances. An 
additional component of mobile sampling showed that few smolts died during the 
migration through Howe Sound. Migration rates averaged 0.7–0.9 body lengths per 
second (BL s−1) downstream and 1.0–2.6 BL s−1 in ocean waters. Aggregated detection 
probabilities of 92–96% on lines of ocean receivers suggest that migration routes of small 
fishes can be quantified over several hundred kilometres, and survival rates can be 
estimated for even a modest number of tagged fish. Quantifying mortality patterns during 
the smolt migration could help to determine causes of low marine survival rates observed 
in recent years. 
 

Michel, C. J., Ammann, A. J., Chapman, E. D., Sandstrom, P. T., Fish, H. E., Thomas, M. 
J., Singer, G. P., Lindley, S. T., Klimley, A. P., & MacFarlane, R. B. (2013). The 
effects of environmental factors on the migratory movement patterns of Sacramento 
River yearling late-fall run Chinook salmon (Oncorhynchus tshawytscha). 
Environmental Biology of Fishes, 96(2-3), 257–271. doi:10.1007/s10641-012-9990-8 
Understanding smolt migration dynamics is a critical step in the preservation and 
conservation of imperiled salmonids in California’s Sacramento River system. Late-fall 
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run Chinook salmon yearling smolts were acoustically tagged and tracked during their 
outmigration through California’s Sacramento River and San Francisco Estuary during 
2007-2009. Migration rates were 14.3 km · day (-1) (±1.3 S.E.) to 23.5 km · day(-1) (± 3.6 
S.E.), similar to rates published for other West Coast yearling Chinook salmon smolt 
emigrations. Region-specific movement rates were fastest through the upper river 
regions, and slowest in the Sacramento/San Joaquin River Delta. River travel times were 
recorded for smolts travelling through a series of ten monitor-delimited reaches. Using 
these, a smolt travel time model determined by two parameters (movement rate and rate 
of population spreading) was then used to determine the influence of different factors on 
the model’s fit, using model selection with Akaike’s Information Criterion. The model 
that allowed for both year and reach to be expressed additively for both travel time and 
population spreading rate estimates, while accounting for a “release” effect, was the best 
supported model. Finally, several models incorporated environmental data as a linear 
predictor of movement rates. The addition of the environmental variables, in order of 
importance, river width to depth ratio, river flow, water turbidity, river flow to mean river 
flow ratio, and water velocity all resulted in improved model fit. Water temperature did 
not improve model fit. These environmental associations are discussed and potential 
improvements on the travel time model are suggested. 
 

Miller, J. A., Gray, A., & Merz, J. (2010). Quantifying the contribution of juvenile 
migratory phenotypes in a population of Chinook salmon Oncorhynchus 
tshawytscha. Marine Ecology Progress Series, 408, 227–240. doi:10.3354/meps08613 
Chinook salmon is an anadromous species that varies in size at freshwater emigration, 
which is hypothesized to increase population resiliency under variable environmental 
regimes. In California’s Central Valley (USA), the majority of naturally spawned 
juveniles emigrate in 2 pulses: small juveniles (referred to as fry), typically ≤55 mm fork 
length (FL), emigrate from natal streams in February–March, whereas larger juveniles 
(smolts), typically >75 mm FL, emigrate in mid-April–May. In some river systems, there 
is a smaller pulse of emigrants of intermediate size (parr), typically 56 to 75 mm FL. 
Although the relative contribution of these migratory phenotypes to the adult population 
is unknown, management activities focus on survival of larger emigrants and most 
artificially produced fish (98%) are released from hatcheries at parr and smolt sizes. We 
reconstructed individual length at freshwater emigration for a sample of adult Central 
Valley Chinook salmon from 2 emigration years using chemical (Sr:Ca and Ba:Ca) and 
structural otolith analyses. The adult sample was comprised of individuals that emigrated 
as parr (mean = 48%), followed by smolts (32%) and fry (20%). Fry-sized emigrants 
likely represent natural production because fish ≤55 mm FL comprise <2% of the 
hatchery production. The distribution of migratory phenotypes represented in the adult 
sample was similar in both years despite apparent interannual variation in juvenile 
production, providing evidence for the contribution of diverse migratory phenotypes to 
the adult population. The contribution of all 3 migratory phenotypes to the adult 
population indicates that management and recovery efforts should focus on maintenance 
of life-history variation rather than the promotion of a particular phenotype. 
 

Miller, J. A., Teel, D. J., Baptista, A., & Morgan, C. A. (2013). Disentangling bottom-up 
and top-down effects on survival during early ocean residence in a population of 
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Chinook salmon (Oncorhynchus tshawytscha). Canadian Journal of Fisheries and 
Aquatic Sciences, 70(4), 617–629. doi:10.1139/cjfas-2012-0354 
We evaluated the relative importance of “bottom-up” (production-limited) and “top-
down” (predator-mediated) processes during early marine residence in a population of 
Chinook salmon (Oncorhynchus tshawytscha) from the upper Columbia River, USA. We 
examined length, mass, and condition index of age-0 juveniles collected in the ocean 
during June and September across 11 years in relation to conditions in the river, estuary, 
and coastal ocean and to future adult returns. Characteristics of juveniles in September, 
but not June, were related to adult returns. During years when coastal waters were 
relatively cool and productive, juveniles captured in September displayed relatively low 
condition and reduced otolith growth compared with years when coastal waters were 
relatively warm and unproductive; this contrast indicates that top-down effects such as 
selective mortality or competition are important during early marine residence. Key 
physical (river plume volume during emigration) and biological (condition) variables and 
their interaction accounted for >95% of the variation in adult returns. Future research 
should focus on evaluating predators and competitors and understanding how river plume 
structure influences survival. 
 

Miller, S. E., Adkison, M. D., & Haldorson, L. J. (2012). Differences in stability effects on 
the marine survival of hatchery pink salmon (Oncorhynchus gorbuscha) within the 
upwelling and downwelling domains of the northeast Pacific Ocean. Fisheries 
Oceanography, 21(6), 430–444. doi:10.1111/j.1365-2419.2012.00636.x 
Regional coastal conditions have a strong influence on juvenile salmon survival during 
their critical first months in the marine environment. Salmon (genus Oncorhynchus) 
survival has been thought to be favored within the high latitude downwelling domain if 
water column stabilities increase, whereas stability may have the opposite effect in 
upwelling-dominated lower latitudes. In this study, the relationships between water 
column stabilities during early marine residence of pink salmon (Oncorhynchus 
gorbuscha) in both the upwelling and downwelling domains of the northeast Pacific 
Ocean and marine survival rates for hatchery stocks ranging from Vancouver Island, 
British Columbia, to Kodiak Island, Alaska, were explored. Contrary to expectation, there 
was no clear difference in the effect of stability on marine survival rates in the 
downwelling and upwelling domains. In both domains, marine survival rates increased 
for pink salmon stocks that experienced below-average stability on the inner shelf during 
early marine residence. Stability effects from the outer shelf showed no consistent 
relationship to marine survival within the northeast Pacific. 
 

Miller, S. E., Adkison, M. D., & Haldorson, L. (2012). Relationship of water column 
stability to the growth, condition, and survival of pink salmon (Oncorhynchus 
gorbuscha) in the northern coastal Gulf of Alaska and Prince William Sound. 
Canadian Journal of Fisheries and Aquatic Sciences, 69(5), 955–969. 
doi:10.1139/f2012-031 
Water column stability has been hypothesized to affect growth and ultimately survival of 
juvenile fish. We estimated the relationships between stability and the growth, condition, 
and marine survival of several stocks of pink salmon (Oncorhynchus gorbuscha) within 
Prince William Sound (PWS), Alaska, USA, and the northern coastal Gulf of Alaska 
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(GOA) shelf. There was a stronger correlation among the biological parameters of the 
fish than between the biological parameters and physical conditions. While stability and 
fish condition during early marine residence in PWS were important to year-class 
survival, stability of the water column that juveniles experienced as they migrated to the 
open waters of the GOA did not play a key role in determining survival to adulthood. 
Below-average stability just prior to capture within PWS combined with positive fish 
condition was related to increased year-class survival. Our results are similar to previous 
studies that concluded that slower and weaker development of stratification with a deeper 
mixed layer depth may be important for juvenile pink salmon survival in PWS 
 

Miller, T. W., & Brodeur, R. D. (2007). Diets of and trophic relationships among dominant 
marine nekton within the northern California Current ecosystem. Fishery Bulletin, 
105(4), 548–559. 
In this study we analyzed the diets of 26 nekton species collected from two years (2000 
and 2002) off Oregon and northern California to describe dominant nekton trophic groups 
of the northern California Current (NCC) pelagic ecosystem. We also examined 
interannual variation in the diets of three nekton species. Cluster analysis of predator 
diets resulted in nekton trophic groups based on the consumption of copepods, 
euphausiids, brachyuran larvae, larval juvenile fishes, and adult nekton. However, many 
fish within trophic groups consumed prey from multiple trophic levels—euphausiids 
being the most widely consumed. Comparison of diets between years showed that most 
variation occurred with changes in the contribution of euphausiids and brachyuran larvae 
to nekton diets. The importance of euphausiids and other crustacean prey to nekton 
indicates that omnivory is an important characteristic of the NCC food web; however it 
may change during periods of lower or higher upwelling and ecosystem production. 
 

Miller, T. W., Brodeur, R. D., Rau, G., & Omori, K. (2010). Prey dominance shapes trophic 
structure of the northern California Current pelagic food web: evidence from stable 
isotopes and diet analysis. Marine Ecology Progress Series, 420, 15–26. 
doi:10.3354/meps08876 
Eastern boundary current (EBC) upwelling zones are among the most productive of 
marine ecosystems globally and have been generalized in terms of their food web 
structure. Little empirically based evidence exists to suggest that there is any one form of 
trophic control of EBC systems and, because of logistical constraints, knowledge of food 
web structure is limited in these large marine ecosystems. To determine principal trophic 
links within the pelagic food web, we combined stable isotope and diet analysis of 21 
dominant species of nekton found within the northern California Current, a highly 
productive EBC upwelling ecosystem. Samples of nekton and zooplankton were 
collected in June and August 2000 and 2002 from the shelf-slope waters of northern 
California to Washington. Results showed most nekton consumed mixed diets of 
zooplankton and larval-juvenile or adult fishes, indicating the importance of omnivory in 
this system. Euphausiids were overwhelmingly the most prevalent zooplankton taxa in 
the diets of nekton across multiple trophic levels, accounting for >50% of the index of 
relative importance in 10 of 21 nekton species analyzed. Nitrogen stable isotopes (δ15N) 
reflected trophic patterns observed in the diets, with most nekton species (~62%) falling 
between trophic levels (TL) of full zooplanktivores (TL = 3) and full piscivores (TL = 4). 
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The prevalence of omnivory observed here is probably due to high primary production 
that supports an abundance of large zooplankton prey, such as euphausiids, which may be 
a more available prey resource for a broad range of predators. A modification of this form 
of bottom-up control, termed bottom-up omnivory, is presented. 
 

Moore, M., Berejikian, B. A., & Tezak, E. P. (2012). Variation in the early marine survival 
and behavior of natural and hatchery-reared Hood Canal steelhead. PLoS One, 
7(11), e49645. doi:10.1371/journal.pone.0049645 
Background: Hatchery-induced selection and direct effects of the culture environment 
can both cause captively bred fish populations to survive at low rates and behave 
unnaturally in the wild. New approaches to fish rearing in conservation hatcheries seek to 
reduce hatchery-induced selection, maintain genetic resources, and improve the survival 
of released fish. Methodology/Principal Findings: This study used acoustic telemetry to 
compare three years of early marine survival estimates for two wild steelhead populations 
to survival of two populations raised at two different conservation hatcheries located 
within the Hood Canal watershed. Steelhead smolts from one conservation hatchery 
survived with probabilities similar to the two wild populations (freshwater: 95.8–96.9%, 
early marine: 10.0–15.9%), while smolts from the other conservation hatchery exhibited 
reduced freshwater and early marine survival (freshwater: 50.2–58.7%, early marine: 
2.6–5.1%). Freshwater and marine travel rates did not differ significantly between wild 
and hatchery individuals from the same stock, though hatchery smolts did display 
reduced migration ranges within Hood Canal. Between-hatchery differences in rearing 
density and vessel geometry likely affected survival and behavior after release and 
contributed to greater variation between hatcheries than between wild populations. 
Conclusions/Significance: Our results suggest that hatchery-reared smolts can achieve 
early marine survival rates similar to wild smolt survival rates, and that migration 
performance of hatchery-reared steelhead can vary substantially depending on the 
environmental conditions and practices employed during captivity. 
 

Moore, M., Berejikian, B. A., & Tezak, E. P. (2013). A floating bridge disrupts seaward 
migration and increases mortality of steelhead smolts in Hood Canal, Washington 
State. PLoS ONE, 8(9), e73427. doi:10.1371/journal.pone.0073427 
Background: Habitat modifications resulting from human transportation and power-
generation infrastructure (e.g., roads, dams, bridges) can impede movement and alter 
natural migration patterns of aquatic animal populations, which may negatively affect 
survival and population viability. Full or partial barriers are especially problematic for 
migratory species whose life histories hinge on habitat connectivity. 
Methodology/Principal Findings: The Hood Canal Bridge, a floating structure spanning 
the northern outlet of Hood Canal in Puget Sound, Washington, extends 3.6 meters 
underwater and forms a partial barrier for steelhead migrating from Hood Canal to the 
Pacific Ocean. We used acoustic telemetry to monitor migration behavior and mortality 
of steelhead smolts passing four receiver arrays and several single receivers within the 
Hood Canal, Puget Sound, and Strait of Juan de Fuca. Twenty-seven mortality events 
were detected within the vicinity of the Hood Canal Bridge, while only one mortality was 
recorded on the other 325 receivers deployed throughout the study area. Migrating 
steelhead smolts were detected at the Hood Canal Bridge array with greater frequency, on 
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more receivers, and for longer durations than smolts migrating past three comparably 
configured arrays. Longer migration times and paths are likely to result in a higher 
density of smolts near the bridge in relation to other sites along the migration route, 
possibly inducing an aggregative predator response to steelhead smolts. 
Conclusions/Significance: This study provides strong evidence of substantial migration 
interference and increased mortality risk associated with the Hood Canal Bridge, and may 
partially explain low early marine survival rates observed in Hood Canal steelhead 
populations. Understanding where habitat modifications indirectly increase predation 
pressures on threatened populations helps inform potential approaches to mitigation. 
 

Moore, M. E., Berejikian, B. A., & Tezak, E. P. (2010). Early marine survival and behavior 
of steelhead smolts through Hood Canal and the Strait of Juan de Fuca. 
Transactions of the American Fisheries Society, 139(1), 49–61. doi:10.1577/T09-012.1 
The depressed status of Puget Sound populations of steelhead Oncorhynchus mykiss 
contrasts with the healthier condition of those along the coast of Washington and 
suggests that there is substantial smolt mortality during the migration through Puget 
Sound to the Pacific Ocean. Acoustic telemetry transmitters and stationary receivers were 
used to investigate the survival, migration timing, and migratory behavior of 159 
steelhead smolts in 2006 and 187 smolts in 2007 from four Hood Canal (part of Puget 
Sound) streams and one stream flowing into the Strait of Juan de Fuca. The estimated 
population-specific survival rates for wild and hatchery smolts from the river mouths to 
the northern end of Hood Canal (28.1–75.4 km) ranged from 55% to 86% in 2006 and 
from 62% to 84% in 2007. Survival was much lower from the northern end of Hood 
Canal to the Strait of Juan de Fuca (135 km) in 2006 (23–49%) and could not be reliably 
measured in 2007. Travel rates through Hood Canal (8–10 km/d) were significantly lower 
than those estimated as the fish migrated through northern Puget Sound and the Strait of 
Juan de Fuca (26–28 km/d), while the mortality rates per unit of distance traveled were 
very similar in the two segments. The high daily mortality rates estimated during the 
early marine phase of the steelhead life cycle (2.7%/d) suggest that mortality rates 
decrease substantially after steelhead enter the Pacific Ocean. 
 

Moore, M. E., Goetz, F. A., Van Doornik, D. M., Tezak, E. P., Quinn, T. P., Reyes-
Tomassini, J. J., & Berejikian, B. A. (2010). Early marine migration patterns of wild 
coastal cutthroat trout (Oncorhynchus clarki clarki), steelhead trout (Oncorhynchus 
mykiss), and their hybrids. PLoS ONE, 5(9), e12881. 
doi:10.1371/journal.pone.0012881 
Background: Hybridization between coastal cutthroat trout (Oncorhynchus clarki clarki) 
and steelhead or rainbow trout (Oncorhynchus mykiss) has been documented in several 
streams along the North American west coast. The two species occupy similar freshwater 
habitats but the anadromous forms differ greatly in the duration of marine residence and 
migration patterns at sea. Intermediate morphological, physiological, and performance 
traits have been reported for hybrids but little information has been published comparing 
the behavior of hybrids to the pure species. Methodology/Principal Findings: This study 
used acoustic telemetry to record the movements of 52 cutthroat, 42 steelhead x cutthroat 
hybrids, and 89 steelhead smolts, all wild, that migrated from Big Beef Creek into Hood 
Canal (Puget Sound, Washington). Various spatial and temporal metrics were used to 
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compare the behavior of the pure species to their hybrids. Median hybrid residence time, 
estuary time, and tortuosity values were intermediate compared to the pure species. The 
median total track distance was greater for hybrids than for either cutthroat or steelhead. 
At the end of each track, most steelhead (80%) were located near or north of the Hood 
Canal, as expected for this seaward migrating species, whereas most cutthroat (89%) 
were within 8 kilometers of the estuary. Most hybrids (70%) were detected leaving Hood 
Canal, though a substantial percentage (20%) remained near the Big Beef Creek estuary. 
More hybrids (7.5%) than pure cutthroat (4.5%) or steelhead (0.0%) were last detected in 
the southern reaches of Hood Canal. Conclusions/Significance: Given the similarity in 
freshwater ecology between the species, differences in marine ecology may play an 
important role in maintaining species integrity in areas of sympatry. 
 

Morris, J. F., Trudel, M., Thiess, M. E., Sweeting, R. M., Fisher, J., Hinton, S. A., 
Fergusson, E. A., Orsi, J. A., Farley Jr., E. V., & Welch, D. W. (2007). Stock-specific 
migrations of juvenile coho salmon derived from coded-wire tag recoveries on the 
continental shelf of western North America. In American Fisheries Society 
Symposium,57, 81-104.  
A conceptual model of juvenile coho salmon Oncorhynchus kisutch migration from 
Oregon, Washington, the Columbia–Snake River system, British Columbia, and 
southeast Alaska was derived using coded-wire-tag data from juvenile salmon surveys 
conducted between 1995 and 2004. Over this 10-year period, 914 coded-wire-tagged 
(CWT) juvenile coho salmon were recovered. In general, the migratory behavior of 
juvenile coho salmon observed in this study was consistent with previous studies showing 
that juvenile salmon generally undertake a northward migration and utilize the 
continental shelf as a migration highway. However, this study also revealed that both 
regional and specific river stocks of coho salmon from all parts of the North American 
coast are composed of fast components that take a rapid and direct migration in the 
summer to as far west as Kodiak Island, Alaska and slow components that migrate over a 
relatively short distance from their natal rivers and reside over winter on the shelf. The 
Columbia–Snake River system, coastal Oregon, and coastal Washington had the highest 
proportion of fast CWT migrants among regions. Furthermore, specific stocks within the 
lower Columbia River had the highest proportion of fast CWT migrants both within the 
Columbia–Snake River watershed and along the entire west coast of North America. 
Distances migrated along the shelf were positively correlated to size at capture during the 
summer for almost all regional stocks, indicating that fast-migrating juvenile coho 
salmon have faster growth rates. The widespread dispersion along the continental shelf as 
a consequence of a mix of slow and fast migrants and the subsequent offshore migration 
into different regions of the Gulf of Alaska may have been selected over evolutionary 
time scales. This strategy would have ensured the long-term survival of individual stocks 
by spreading the risk of mortality among oceanic regions. 
 

Morton, A., & Routledge, R. D. (2006). Fulton’s condition factor: Is it a valid measure of 
sea lice impact on juvenile salmon? North American Journal of Fisheries 
Management, 26(1), 56–62. doi:10.1577/M05-068.1 
Condition factor formulas have been developed and are used to assist in assessing the 
state of fish health. Fulton’s condition factor has been used to measure anthropogenic 
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impacts on fish, such as oil spills, and has provided results that, at times, are contentious. 
Recently, it has been used to suggest that infestation rates of sea lice Lepeophtheirus 
salmonis currently reported for juvenile pink salmon Oncorhynchus gorbuscha and chum 
salmon O. keta in the Broughton archipelago, British Columbia, may have no impact on 
fish health. Here, we show that Fulton’s condition factor values will remain high in 
salmon fry lethally infected with sea lice until shortly before death. Furthermore, we 
report that as condition factor values declined, the affected fish exhibited high predator 
risk behavior. We conclude that Fulton’s condition factor does not provide a reliable 
indicator of the impact of sea lice infestations on juvenile pink and chum salmon. 
 

Morton, A., Routledge, R., & Krkosek, M. (2008). Sea louse infestation in wild juvenile 
salmon and Pacific herring associated with fish farms off the east-central coast of 
Vancouver Island, British Columbia. North American Journal of Fisheries 
Management, 28(2), 523–532. doi:10.1577/M07-042.1 
Reports of infestations of sea lice Lepeophtheirus salmonis and Caligus clemensi in 
juvenile salmonids in Pacific Canada have been restricted to pink salmon Oncorhynchus 
gorbuscha and chum salmon O. keta from one salmon-farming region, the Broughton 
Archipelago of British Columbia. Here, we report on 2 years of sea louse field surveys of 
wild juvenile pink and chum salmon, as well as wild sockeye salmon O. nerka and larval 
Pacific herring Clupea pallasii, in another salmon farming region, the Discovery Islands 
region of British Columbia. For pink and chum salmon we tested for the dependency of 
sea louse abundance on temperature, salinity, sampling period, host species, and farm 
exposure category. For both louse species, farm exposure was the only consistently 
significant predictor of sea lice abundance. Fish exposed to salmon farms were infected 
with more sea lice than those in the peripheral category. Sea louse abundance on sockeye 
salmon and Pacific herring followed the same trends, but sample sizes were too low to 
support formal statistical analysis. The Pacific herring were translucent and lacked scales, 
and they were primarily parasitized by C. clemensi. These results suggest that the 
association of salmon farms with sea lice infestations of wild juvenile fish in Pacific 
Canada now extends beyond juvenile pink and chum salmon in the Broughton 
Archipelago. Canada’s most abundant and economically valuable salmon populations, as 
well as British Columbia’s most valuable Pacific herring stock, migrate through the 
Discovery Islands; hence, parasite transmission from farm to wild fish in this region may 
have important economic and ecological implications. 
 

Morton, A., Routledge, R., McConnell, A., & Krkošek, M. (2011). Sea lice dispersion and 
salmon survival in relation to salmon farm activity in the Broughton Archipelago. 
ICES Journal of Marine Science: Journal du Conseil, 68(1), 144–156. 
doi:10.1093/icesjms/fsq146 
The risk of salmon lice (Lepeophtheirus salmonis) transmission to wild juvenile Pacific 
salmon has spurred management change to reduce lice on salmon farms. We studied the 
abundance of planktonic lice preceding the juvenile salmon outmigration as well as the 
abundance of lice on juvenile pink (Oncorhynchus gorbuscha) and chum (Oncorhynchus 
keta) salmon in two distinct migration routes, one containing only fallow farms and the 
other active farms that applied a parasiticide. Results indicate that fallowing reduces the 
abundance and flattens the spatial distribution of lice relative to that expected in areas 
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without farms. Active farms remained the primary source of lice, but transmission was 
reduced 100-fold relative to previous epizootics in the study area. On the migration route 

containing active farms, ∼50% of the juvenile salmon showed evidence of louse damage 

to surface tissues and the estimated direct louse-induced mortality was <10%, not 
including indirect effects of infection on predation risk or competition. The survival of 
the pink salmon cohort was not statistically different from a reference region without 
salmon farms. Although repeated use of a single parasiticide can lead to resistance, 
reducing louse transmission from farmed salmon may help conserve some wild Pacific 
salmon populations. 
 

Moss, J. H., & Beauchamp, D. A. (2007). Functional response of juvenile pink and chum 
salmon: effects of consumer size and two types of zooplankton prey. Journal of Fish 
Biology, 70(2), 610–622. doi:10.1111/j.1095-8649.2007.01340.x 
Feeding rate experiments were conducted for pink salmon Oncorhynchus gorbuscha fry 
[mean fork length (LF) 39 mm], juveniles (103–104 mm LF) and juvenile chum salmon 
Oncorhynchus keta (106–107 mm LF). Fishes were presented with small copepod (Tisbi 
sp.) or larger mysid shrimp (Mysidopsis bahia) prey at varying densities ranging from 1 
to 235 prey l−1 in feeding rate experiments conducted at water temperatures ranging from 
10.5 to 12.0° C under high light levels and low turbidity conditions. Juvenile pink and 
chum salmon demonstrated a type II functional response to mysid and copepod prey. 
Mysid prey was readily selected by both species whereas the smaller bodied copepod 
prey was not. When offered copepods, pink salmon fry fed at a higher maximum 
consumption rate (2.5 copepods min−1) than larger juvenile pink salmon (0.4 copepods 
min−1), whereas larger juvenile chum salmon exhibited the highest feeding rate (3.8 
copepods min−1). When feeding on mysids, the maximum feeding rate for larger juvenile 
pink (12.3 mysids min−1) and chum (11.5 mysids min−1) salmon were similar in 
magnitude, and higher than feeding rates on copepods. Functional response models 
parameterized for specific sizes of juvenile salmon and zooplankton prey provide an 
important tool for linking feeding rates to ambient foraging conditions in marine 
environments, and can enable mechanistic predictions for how feeding and growth should 
respond to spatial-temporal variability in biological and physical conditions during early 
marine life stages. 
 

Moss, J. H., Beauchamp, D. A., Cross, A. D., Farley, E. V., Murphy, J. M., Helle, J. H., 
Walker, R. V., & Myers, K. W. (2009). Bioenergetic model estimates of interannual 
and spatial patterns in consumption demand and growth potential of juvenile pink 
salmon (Oncorhynchus gorbuscha) in the Gulf of Alaska. Deep Sea Research Part II: 
Topical Studies in Oceanography, 56(24), 2553–2559. doi:10.1016/j.dsr2.2009.03.005 
A bioenergetic model of juvenile pink salmon (Oncorhynchus gorbuscha) was used to 
estimate daily prey consumption and growth potential of four ocean habitats in the Gulf 
of Alaska during 2001 and 2002. Growth potential was not significantly higher in 2002 
than in 2001 at an alpha level of 0.05 (P=0.073). Average differences in growth potential 
across habitats were minimal (slope habitat=0.844 g d−1, shelf habitat=0.806 g d−1, 

82 
 



offshore habitat=0.820 g d−1, and nearshore habitat=0.703 g d−1) and not significantly 
different (P=0.630). Consumption demand differed significantly between hatchery and 
wild stocks (P=0.035) when examined within year due to the interaction between 
hatchery verses wild origin and year. However, the overall effect of origin across years 
was not significant (P=0.705) due to similar total amounts of prey consumed by all 
juvenile pink salmon in both study years. We anticipated that years in which ocean 
survival was high would have had high growth potential, but this relationship did not 
prove to be true. Therefore, modeled growth potential may not be useful as a tool for 
forecasting survival of Prince William Sound hatchery pink salmon stocks. Significant 
differences in consumption demand and a two-fold difference in nearshore abundance 
during 2001 of hatchery and wild pink salmon confirmed the existence of strong and 
variable interannual competition and the importance of the nearshore region as being a 
potential competitive bottleneck. 
 

Moss, J. H., Murphy, J. M., Farley, E. V., Eisner, L. B., & Andrews, A. G. (2009). Juvenile 
pink and chum salmon distribution, diet, and growth in the northern Bering and 
Chukchi seas. North Pacific Anadromous Fish Commission Bulletin, 5, 191–196. 
Loss of non-seasonal sea ice and a general warming trend in the Bering Sea has altered 
the composition, distribution, and abundance of marine organisms inhabiting the region. 
Juvenile pink (Oncorhynchus gorbuscha) and chum (O. keta) salmon were found in 
significant numbers throughout the Chukchi Sea and Bering Strait regions during early 
autumn 2007, reflecting significant utilization of Arctic marine habitat by Pacific salmon. 
Linear models of juvenile pink and chum salmon body size corrected for Day of Year 
were parameterized to estimate daily growth rates and habitat-specific differences in 
body size using 6 years of survey data. Model results revealed that juvenile pink salmon 
inhabiting the eastern Bering Sea grew at an average rate of 1.17 mm•day-1 and juvenile 
chum salmon grew at a rate of 1.21 mm•day-1. The U.S. BASIS survey area was 
expanded northward to include the Chukchi Sea during 2007, where larger juvenile pink 
and chum salmon were found in higher abundances relative to pink and chum inhabiting 
the eastern Bering Sea. Food habits analyses revealed that juvenile pink and chum salmon 
fed upon high energy prey in the Chukchi Sea, and that the majority of chum salmon 
encountered there were from either Alaskan or Russian stocks. 
 

Mueter, F. J., Boldt, J. L., Megrey, B. A., & Peterman, R. M. (2007). Recruitment and 
survival of Northeast Pacific Ocean fish stocks: temporal trends, covariation, and 
regime shifts. Canadian Journal of Fisheries and Aquatic Sciences, 64(6), 911–927. 
doi:10.1139/f07-069 
Two measures of productivity for fish stocks (recruitment and stock–recruit residuals) 
within two large marine ecosystems (Gulf of Alaska and eastern Bering Sea – Aleutian 
Islands) showed significant positive covariation within several groups of species and 
significant negative covariation between certain others. For example, stock–recruit 
residuals of gadids (Gadidae) in the Bering Sea were inversely related to those of shelf 
flatfishes (Pleuronectidae), suggesting that environmental forcing affects these groups in 
opposite ways. Salmon (Oncorhynchus spp.), Pacific herring (Clupea pallasii), and 
groundfish stocks each showed strong patterns of covariation within these taxonomic 
groups and within ecosystems, and both salmon and groundfish stocks showed positive 
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covariation between the two ecosystems. However, we found little evidence of 
covariation between salmon and herring stocks or between these stocks and demersal 
stocks. Recruitment and stock–recruit residuals in individual stocks did not show a 
consistent response toknown climatic regime shifts. However, combined indices of 
productivity across stocks showed decadal-scale variability (regime-like patterns), 
suggesting that both pelagic productivity (mostly salmon) and demersal productivity 
increased in response to the well-documented 1976–1977 climatic regime shift, whereas 
the 1988–1989 regime shift produced inconsistent or short-lived responses. 
 

Murphy, J. M., Templin, W. D., Farley Jr, E. V., & Seeb, J. E. (2009). Stock-structured 
distribution of western Alaska and Yukon juvenile Chinook salmon (Oncorhynchus 
tshawytscha) from United States BASIS surveys, 2002–2007. North Pacific 
Anadromous Fish Commission Bulletin, 5, 51–59. 
We describe migratory patterns of western Alaska and Yukon Chinook salmon 
(Oncorhynchustshawytscha) using stock-structured distribution data from United States 
Bering-Aleutian Salmon InternationalSurveys (BASIS), 2002–2007. Juvenile Chinook 
salmon were distributed within water depths less than 50 m and their highest densities 
were found close to river mouths of primary Chinook salmon-producing rivers in the 
eastern Bering Sea (Yukon, Kuskokwim, and Nushagak rivers) through their first 
summer at sea. This reflects a later marine dispersal from freshwater entry points than 
typically found in Gulf of Alaska stream-type Chinook salmon and resulted in the 
presence of juvenile Chinook salmon in shallow, non-trawlable habitats during the 
surveys. Juvenile Chinook salmon stock proportions in the northern shelf region (north of 
60°N) were: 44% Upper Yukon, 24% Middle Yukon, 31% Coastal Western Alaska, and 
1% other western Alaska stock groups. Juvenile Chinook salmon stock proportions 
present in the southern shelf region (south of 60°N) were: 95% Coastal Western 
Alaska,1% Upper Yukon, and 4% other western Alaska stock groups. It is believed that 
these stock mixtures do not support significant northward migration of stocks from the 
southern shelf, and reflect limited mixing of salmon from the two production regions 
during their first summer at sea. Spatial distribution patterns and coded-wire tag 
recoveries provide evidence that the distribution of Yukon River Chinook salmon extends 
northward into the Chukchi Sea during their first summer at sea. Although the juveniles 
present in the Chukchi Sea represent a minor portion of the total Yukon River juvenile 
population, continued warming of the Arctic could increase the proportion of Yukon 
River Chinook salmon migrating north into the Chukchi Sea. 
 

Myers, K. W., Klovach, N. V., Gritsenko, O. F., Urawa, S., & Royer, T. C. (2007). Stock-
specific distributions of Asian and North American salmon in the open ocean, 
interannual changes, and oceanographic conditions. North Pacific Anadromous Fish 
Commission Bulletin, 4, 159–177. 
Knowledge of migration routes, migration timing, and resident areas for populations of 
Pacific salmon in the open ocean is vital to understanding their status and role in North 
Pacific marine ecosystems. In this paper we review information from the literature, as 
well as some previously unpublished data, on stock-specific distribution and migration 
patterns of salmon in the open ocean, interannual variation in these patterns, and 
associated ocean conditions, and we consider what this information can tell us about 
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ocean conditions on small- to mid-size scales. We conclude that climate-driven changes 
in open-ocean feeding areas and along the migratory routes of Asian and North American 
salmon can result in predictable interannual changes in stock-specific distribution, 
migration patterns, and other biological characteristics. Global climate change is 
currently causing more frequent and unpredictable environmental changes in the open 
ocean habitats through which salmon migrate. Data on changes in the distribution and 
migration of indicator stocks of adult salmon returning from the open ocean might 
provide an “advance warning” of interannual changes in North Pacific marine 
ecosystems. 
 

Nance, S. L., Riederer, M., Zubkowski, T., Trudel, M., & Rhodes, L. D. (2010). 
Interpreting dual ELISA and qPCR data for bacterial kidney disease of salmonids. 
Diseases of Aquatic Organisms, 91(2), 113–119. doi:10.3354/dao02252 
Although there are a variety of methods available for the detection of Renibacterium 
salmoninarum, the causative agent of bacterial kidney disease in salmon and trout, the 
enzyme-linked immunosorbent assay (ELISA) is probably the most widely used method. 
However, ELISA measures bacterial antigen, which does not necessarily reflect the 
number of cells present. We hypothesized that dual analysis of kidney tissue by ELISA 
and a quantitative real-time polymerase chain reaction assay (qPCR) would provide 
complementary information about antigen level and the number of bacterial genomes. We 
found that DNA extracted from the insoluble fraction of the ELISA tissue preparation 
produced the same qPCR result as DNA extracted directly from frozen tissue, permitting 
true dual analysis of the same tissue sample. We examined kidney tissue in this manner 
from individual free-ranging juvenile Chinook salmon and antibiotic-treated captive 
subadult Chinook salmon and observed 3 different patterns of results. Among the 
majority of fish, there was a strong correlation between the ELISA value and the qPCR 
value. However, subsets of fish exhibited either low ELISA values with elevated qPCR 
values or higher ELISA values with very low qPCR values. These observations suggest a 
conceptual model that allows inferences about the state of infection of individual fish 
based on dual ELISA/qPCR results. Although this model requires further assessment 
through experimental infections and treatments, it may have utility in broodstock 
selection programs that currently apply egg-culling practices based on ELISA alone. 
 

Nendick, L., Sackville, M., Tang, S., Brauner, C. J., & Farrell, A. P. (2011). Sea lice 
infection of juvenile pink salmon (Oncorhynchus gorbuscha): effects on swimming 
performance and postexercise ion balance. Canadian Journal of Fisheries and 
Aquatic Sciences, 68(2), 241–249. doi:10.1139/F10-150 
Sea lice (Lepeophtheirus salmonis) infection negatively affected swimming performance 
and postswim body ion concentrations of juvenile pink salmon (Oncorhynchus 
gorbuscha) at a 0.34 g average body mass but not at 1.1 g. Maximum swimming velocity 
(Umax) was measured on over 350 individual pink salmon (0.2–3.0 g), two-thirds of which 
had a sea lice infection varying in intensity (one to three sea lice per fish) and life stage 
(chalimus 1 to preadult). For fish averaging 0.34 g (caught in a nearby river free of sea 
lice and transferred to seawater before being experimentally infected), the significant 
reduction in Umax was dependent on sea lice life stage, not intensity, and Umax decreased 
only after the chalimus 2 life stage. Experimental infections also significantly elevated 
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postswim whole body concentrations of sodium (by 23%–28%) and chloride (by 22%–
32%), but independent of sea lice developmental stage or infection intensity. For fish 
averaging 1.1 g (captured in seawater with existing sea lice), the presence of sea lice had 
no significant effect on either Umax or postswim whole body ions. Thus, a single L. 
salmonis impacted swimming performance and postswim whole body ions of only the 
smallest pink salmon and with a sea louse stage of chalimus 3 or greater. 
 

Neville, C.E., Beamish, R. J., & Chittenden, C. M. (2010). The use of acoustic tags to 
monitor  

the movement and survival of juvenile chinook salmon in the Strait of Georgia. 
North Pacific Anadromous Fish Commission Document, 1286, 19 pp.  
A total of 278 acoustic tags were placed in juvenile chinook salmon that were captured 
and released in the Strait of Georgia in 2007 and 2008. These tags could be detected at 
receiver arrays within the Strait of Georgia and at a receiver array at a northern exit point 
in Queen Charlotte Strait and a southern exit point in Juan de Fuca Strait. There were 83 
(30%) of these fish detected at least once after they were released. Of the 100 fish tagged 
in September 23-24, 2007 only six fish were dete cted leaving the Strait of Georgia and 
all detections were at the southern exit point in Juan de Fuca Strait. Of the 30 fish tagged 
in the central Strait of Georgia in June 19-20, 2008, only one fish was detected leaving 
the Strait of Georgia through Queen Charlotte Strait. None were detected leaving the 
Strait of Georgia of the 78 fish tagged in the central Strait of Georgia in July 16-19, 2008. 
Only one was detected leaving the Strait of Georgia through Juan de Fuca Strait of the 40 
fish tagged in the Gulf Islands area in July 14-15, 2008. None of the 30 tagged fish that 
were reared in the net pen and released in the Gulf Islands area were detected at any 
receiver. A tagging mortality and tag loss study indicated that the tagging procedures 
were an unlikely source of low detection rates of fish leaving the Strait of Georgia. It was 
also unlikely that the tagged fish remained in the Strait of Georgia over the winter and 
into the spring of the following year as trawl studies capture very few juvenile chinook 
salmon in the Strait of Georgia in the winter. Therefore, we concluded that there were 
large mortalities of the tagged fish which we interpret to indicate that the early marine 
mortality of chinook salmon within the Strait of Georgia is the major regulator of their 
brood-year strength. 

 
Oka, G., Irvine, J. R., Holt, C., Trudel, M., Tucker, S., Gillespie, D., & Fitzpatrick, L. 
(2012).  

Temporal Growth Patterns of Big Qualicum River Chum Salmon (Oncorhynchus 
keta) in the North Pacific Ocean. North Pacific Anadromous Fish Commission 
Document, 1429, 13 pp.  
Increases in salmon abundance in the Pacific Ocean over the past three to four decades 
have been attributed to favourable environmental conditions and enhanced hatchery 
production. However, the effects of inter- and intra- species competition for food 
resources in the ocean remains inconclusive. Chum salmon (Oncorhynchus keta) are of 
particular interest because of the large numbers of hatchery releases and some evidence 
of density dependence. Scales from Big Qualicum River chum salmon gathered during 
1971-2010 were examined to evaluate marine growth during this period. A consistent 
temporal trend was observed for all growth years for the dominant age classes of chum 
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salmon; growth was most rapid in the early 1980s and 2000s and slowest in years centred 
around 1990. Future work to continue statistical analysis of these data and examine 
temporal patterns in growth of other populations and species is recommended. 

 
Orsi, J. A., Clausen, D. M., Wertheimer, A., Courtney, D. L., & Pohl, J. (2006). Diel  

epipelagic distribution of juvenile salmon, rockfish, sablefish and ecological 
interactions with associated species in offshore habitats of the Northeast Pacific 
Ocean. North Pacific Anadromous Fish Commission Document, 956, 26 pp.  
Diel epipelagic sampling for juvenile Pacific salmon (Oncorhynchus spp.), rockfish 
(Sebastes spp.), sablefish (Anoplopoma fimbria), and associated species was conducted to 
identify factors that may affect year-class success of these commercially important 
species. Surface trawls were fished from 10 to 20 August 2005, in the upper 20 m of the 
water column along transects up to 78 km offshore in the coastal northeast Pacific Ocean 
near 58° N. Along two transects, three habitats were sampled over a 24-hr period: the 
continental shelf (<200 m depth), the continental slope (400-750 m depth), and the abyss 
(>2,000 m depth). A total of 38,747 fish and squid representing 24 species were sampled 
in 56 trawl hauls. Of the targeted juvenile fish species, a total of 587 salmon, 11 rockfish, 
and 70 sablefish were captured. Sampling during day (1500-1900) and night (2200-0200) 
periods indicated that biomass of fish and squid was 3.9 times higher at night pooled 
across the habitats in the two transects. No distinct patterns between day or night 
occurrence were noted for juvenile pink salmon (O. gorbuscha), chum salmon (O. keta), 
sockeye salmon (O. nerka), or coho salmon (O. kisutch); however, juvenile Chinook 
salmon (O. tshawytscha) were encountered only at night. Catches of juvenile rockfish and 
sablefish were quite low in this study, and larger sample sizes of these fish are needed to 
adequately determine their diel distribution. Diel differences were apparent with forage 
species such as Pacific herring (Clupea pallasi), capelin (Mallotus villosus), and eulachon 
(Thaleichthys pacificus) that were almost exclusively sampled at night. The offshore 
distribution patterns of target species were distinctly different, with the most common 
occurrences of juvenile salmon over continental shelf habitats, juvenile sablefish over 
continental shelf and slope habitats, and juvenile rockfish over slope and abyss habitats. 
Pacific herring, capelin, eulachon, and Pacific sardines (Sardinops sagax) were found 
over continental shelf habitats, whereas small squid and myctophids occurred primarily in 
slope and abyssal habitats. The greatest overall catch biomass was of jellyfish (gelatinous 
species), which was consistently higher than that of all fish and squid combined, usually 
by an order of magnitude. Individual fish or squid species with highest average weight 
per haul were pomfret (Brama japonica), adult coho salmon, Humboldt squid (Dosidicus 
gigas), and blue sharks (Prionace glauca). The occurrence of the latter two warm-water 
species and Pacific sardines was of interest because this study occurred during an 
anomalously warm year and the capture of Pacific sardines and Humboldt squid represent 
northern range extensions for these species. Stomach content analysis of potential 
predator species of the target species showed that only adult coho salmon were predating 
on juvenile salmon and sablefish, and only pomfret were predating on juvenile rockfish. 
Further sampling of the target species is needed in these habitats during more normal 
environmental conditions to validate these observations. 
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Heard, W. R. (2006). Annual survey of juvenile salmon and ecologically-related 
species and environmental factors in the marine waters of Southeastern Alaska, 
May– August 2005. North Pacific Anadromous Fish Commission Document, 956, 108 
pp.  
Juvenile Pacific salmon (Oncorhynchus spp.), ecologically-related species, and 
associated biophysical data were collected by the Southeast Coastal Monitoring Project 
along primary marine migration corridors in the southern and northern regions of 
southeastern Alaska. Up to 17 stations were sampled in four time periods (40 sampling 
days) from May to August 
2005. This survey marked the ninth consecutive year of systematic monitoring of how 
juvenile salmon interact in marine ecosystems, and was implemented to identify the 
relationships among biophysical parameters that influence the habitat use, marine growth, 
predation, stock interactions, and year-class strength of salmon. Typically, at each station, 
fish, zooplankton, physical profile data, and water samples were collected using a surface 
rope trawl, conical and bongo nets, a conductivity-temperature-depth profiler, and a water 
sampler during daylight. Surface (3- m) temperatures and salinities ranged from 9.3 to 
15.7 ºC and 13.8 to 31.5 PSU over the season. A total of 6,874 fish and squid, 
representing 19 taxa, were captured in 92 rope trawl hauls from June to August. Juvenile 
salmon comprised 96% of the total fish and squid catch in each region. Juvenile salmon 
occurred frequently in both regions, with pink (O. gorbuscha), chum (O. keta), sockeye 
(O. nerka), and coho (O. kisutch) occurring in 63-86% of the trawl hauls, and juvenile 
Chinook salmon occurring in 20-25% of the trawl hauls. Of the 6,651 salmonids caught, 
over 99% were juveniles. In both regions, only two non-salmonid species represented 
>1% of the catch: market squid (Loligo spp.) in the southern region (2%) and crested 
sculpin (Blepsias bilobus) in the northern region (2%). Temporal and spatial differences 
were observed in the catch rates, size, condition, and stock of origin of juvenile salmon 
species. Catch rates of juvenile salmon were highest in June for all species except pink 
salmon, which had the highest catch rates in August. Size of juvenile salmon increased 
steadily throughout the season; mean fork lengths in June, July, and August were, 
respectively: 92, 127, and 170 mm for pink; 108, 124, and 191 mm for chum; 115, 123, 
and 180 mm for sockeye; 184, 207, and 239 mm for coho; and 205, 245, and 255 for 
Chinook salmon. Coded-wire tags were recovered from 17 juvenile coho, 6 juvenile 
Chinook, and 2 immature Chinook salmon; all but six of these fish were from hatchery 
and wild stocks of southeastern Alaska origin. The non-Alaska stocks were juvenile coho 
and Chinook salmon originating from Oregon and Washington. Alaska enhanced stocks 
were also identified by thermal otolith marks from 53% of the chum, 18% of the sockeye, 
9% of the coho, and 50% of the Chinook salmon. Onboard stomach analysis of 63 
potential predators, representing eight species, revealed one predation instance on 
juvenile salmon by a spiny dogfish (Squalus acanthias). Forecasting models using catch-
per-unit effort (CPUE) of juvenile pink salmon in strait habitat of the northern region in 
2003 and 2004 produced accurate predictions of southeastern Alaska pink salmon 
harvests in 2004 and 2005. However, the models using 2005 CPUE as a predictor 
overestimated harvest of pink salmon in 2006, indicating that CPUE alone is not 
sufficient to consistently predict year class strength. These results suggest that in 
southeastern Alaska, juvenile salmon exhibit seasonal patterns of habitat use and 
abundance, and display species- and stock-dependent migration patterns. Long-term 
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monitoring of key stocks of juvenile salmon, on both intra- and interannual bases, will 
enable researchers to better understand ecological interactions that affect interannual 
variation in salmon abundance and the role that salmon play in North Pacific marine 
ecosystems. 

 
 
Orsi, J. A., Fergusson, E. A., Sturdevant, M. V., Wing, B. L., Wertheimer, A. C. &  

Heard, W. R. (2007). Annual survey of juvenile salmon and ecologically-related 
species and environmental factors in the marine waters of Southeastern Alaska, 
May– August 2006. North Pacific Anadromous Fish Commission Document, 1057, 72 
pp. 
Juvenile Pacific salmon (Oncorhynchus spp.), ecologically-related species, and 
associated biophysical data were collected along primary marine migration corridors in 
the northern and southern regions of southeastern Alaska in 2006. Up to 21 stations were 
sampled over four time periods (39 sampling days) from May to August. This survey 
marks 10 consecutive years of systematic monitoring on how juvenile salmon interact in 
marine ecosystems, and was implemented to identify the relationships among biophysical 
parameters that influence the habitat use, marine growth, predation, stock interactions, 
and year-class strength of salmon. Typically, at each station, fish, zooplankton, surface 
water samples, and physical profile data were collected using a surface rope trawl, 
conical and bongo nets, water sampler, and a conductivity-temperature-depth profiler 
during daylight.  Surface (3-m) temperatures and salinities ranged from 7.1 to 15.4 ºC and 
15.1 to 32.0 PSU from May to August. A total of 10,641 fish and squid, representing 20 
taxa, were captured in 94 rope trawl hauls from June to August. Juvenile salmon 
comprised about 98% of the total fish and squid catch in each region. Juvenile salmon 
occurred frequently in the trawl hauls, with pink (O. gorbuscha), chum (O. keta), sockeye 
(O. nerka), and coho salmon (O. kisutch) occurring in 52-100% of the trawls in both 
regions, whereas, juvenile Chinook salmon (O. tshawytscha) occurred in 25% and 28% 
of the hauls in the southern and northern regions. Of the 10,451 salmonids caught, over 
99% were juveniles. In both regions, only two non-salmonid species represented catches 
of >27 individuals: walleye pollock (Theragra chalcogramma) in the southern region and 
Pacific herring (Clupea pallasi) in the northern region. Temporal and spatial differences 
were observed in the catch rates, size, condition, and stock of origin of juvenile salmon 
species. Catch rates of juvenile salmon in both regions were generally highest in June for 
all species except Chinook, which had the highest catch rates in July. Size of juvenile 
salmon increased from June and July; mean fork lengths were: 102 and 121 mm for pink; 
112 and 138 mm for chum; 110 and 131 mm for sockeye; 168 and 200 mm for coho; and 
202 and 223 mm for Chinook salmon. Coded-wire tags were recovered from 13 juvenile 
coho salmon, two juvenile and one immature Chinook salmon; all but two were from 
hatchery and wild stocks of southeastern Alaska origin. The non-Alaska stocks were 
juvenile Chinook salmon originating from the Similkameen River and the Wells 
Hatchery within the Columbia River Basin. Alaska enhanced stocks were also identified 
by thermal otolith marks from 77% of the chum and 7% of the sockeye salmon. Onboard 
stomach analysis of 95 potential predators, representing 12 species, revealed one 
predation incident on juvenile salmon by an adult coho salmon. This research suggests 
that in southeastern Alaska, juvenile salmon exhibit seasonal patterns of habitat use and 
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display species- and stock-dependent migration patterns. Long-term monitoring of key 
stocks of juvenile salmon, on both intra- and interannual bases, will enable researchers to 
understand how growth, abundance, and ecological interactions affect year-class strength 
and to better understand the role salmon play in North Pacific marine ecosystems. 

 
 
Orsi, J. A., Fergusson, E. A., Sturdevant, M. V., Wing, B. L., Wertheimer, A. C. &  

Heard, W. R. (2008). Annual survey of juvenile salmon and ecologically-related 
species and environmental factors in the marine waters of Southeastern Alaska, 
May– August 2007. North Pacific Anadromous Fish Commission Document, 1110, 82 
pp. 
Juvenile Pacific salmon (Oncorhynchus spp.), ecologically-related species, and 
associated biophysical data were collected along primary marine migration corridors in 
the northern and southern regions of southeastern Alaska in 2007. Up to 17 stations were 
sampled in epipelagic waters over four time periods (27 sampling days) from May to 
August. This survey marks 11 consecutive years of systematically monitoring how 
juvenile salmon interact in marine ecosystems, and was implemented to identify the 
relationships among biophysical parameters that influence the habitat use, marine growth, 
predation, stock interactions, and year-class strength of salmon. Typically, at each station, 
fish, zooplankton, surface water samples, and physical profile data were collected using a 
surface rope trawl, conical and bongo nets, water sampler, and a conductivity-
temperature-depth profiler during daylight. Surface (3-m) temperatures and salinities 
ranged from 7.7 to 15.3 ºC and 12.3 to 30.6 PSU from May to August. A total of 48,170 
fish and squid, representing 17 taxa, were captured in 97 rope trawl hauls from June to 
August. Juvenile salmon comprised about 7% of the total fish and squid catch. Juvenile 
salmon occurred frequently in the trawl hauls, with pink (O. gorbuscha), chum (O. keta), 
sockeye (O. nerka), and coho salmon (O. kisutch) present in 51-92% of the trawls in the 
southern and northern regions, whereas juvenile Chinook salmon (O. tshawytscha) 
occurred in about 23% of the hauls. Of the 3,412 salmonids caught, over 97% were 
juveniles. Only two non-salmonid species represented catches of >30 individuals in either 
region: Pacific herring (Clupea pallasi) in the southern region (n = 44,637) and crested 
sculpin (Blepsias bilobus) in the northern region (n = 34). Catch rates of juvenile salmon 
in both regions were generally highest in June for all species except pink salmon. 
However, in the more extended, 11-yr time series in the northern region, juvenile pink 
salmon catches were among the lowest observed in June and July 2007, suggesting a poor 
adult return in the subsequent year. Mean size of juvenile salmon generally increased 
from June to July; however, condition residuals were lower than the long-term average 
for most species. Coded-wire tags were recovered from 14 juvenile coho salmon and five 
Chinook salmon (1 juvenile and 4 immature). All but one fish were from hatchery and 
wild stocks originating in southeastern Alaska. The non-Alaskan stock was a Chinook 
salmon that originated from the Upper Columbia River. Alaska enhanced stocks were 
also identified by thermal otolith marks from 67% of the chum and 4% of the sockeye 
salmon examined. Onboard stomach analysis of 95 potential predators, representing 8 
species, did not provide evidence of predation on juvenile salmon. This research suggests 
that in southeastern Alaska, juvenile salmon exhibit seasonal patterns of habitat use and 
display species- and stock-dependent migration patterns. This third season of comparing 
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biophysical parameters between the northern and southern regions of southeastern Alaska 
suggests that summer conditions differ between the regions. Long-term monitoring of key 
stocks of juvenile salmon, on seasonal and interannual time scales, will enable 
researchers to understand how growth, abundance, and ecological interactions affect 
year-class strength of salmon and to better understand their role in North Pacific marine 
ecosystems.  

 
Orsi, J. A., Fergusson, E. A., Sturdevant, M. V., Wing, B. L., Wertheimer, A. C. &  

Heard, W. R. (2009). Annual survey of juvenile salmon and ecologically-related 
species and environmental factors in the marine waters of Southeastern Alaska, 
May– August 2008. North Pacific Anadromous Fish Commission Document, 1181, 72 
pp. 
Juvenile Pacific salmon (Oncorhynchus spp.), ecologically-related species, and 
associated biophysical data were collected from the marine waters of the northern region 
of southeastern Alaska in 2008. This annual survey marks 12 consecutive years of 
systematically monitoring how juvenile salmon interact in marine ecosystems, and was 
implemented to identify the relationships among biophysical parameters that influence 
habitat use, marine growth, predation, stock interactions, and year-class strength of 
juvenile salmon. This report summarizes findings from the 2008 survey year, and 
contrasts these findings to selected biophysical parameters of the prior 11 sampling years. 
Up to 13 stations were sampled in epipelagic waters over four time periods (20 sampling 
days) from May to August. Typically, at each station, fish, zooplankton, surface water 
samples, and physical profile data were collected during daylight using a surface rope 
trawl, conical and bongo nets, water sampler, and a conductivity-temperature-depth 
profiler. Surface (3-m) temperatures and salinities ranged from 6.8 to 11.6 ºC and 18.2 to 
32.0 PSU from May to August. A total of 5,186 fish, representing 16 taxa, were captured 
in 56 rope trawl hauls from June to August. Juvenile salmon comprised about 97% of the 
total fish catch. Juvenile salmon occurred frequently in the trawl hauls, with pink (O. 
gorbuscha), chum (O. keta), sockeye (O. nerka), and coho salmon (O. kisutch) present in 
66-86% of the trawls, whereas juvenile Chinook salmon (O. tshawytscha) occurred less 
commonly, in about 39% of the hauls. Exceptionally few juvenile salmon were captured 
in June. Peak monthly catch rates of juvenile salmon differed by species: pink, chum, and 
coho were highest in July, whereas sockeye and Chinook were highest in August. Coded-
wire tags were recovered from 11 juvenile coho salmon and three Chinook salmon (one 
juvenile and two immature). All fish were from hatchery and wild stocks originating in 
southeastern Alaska. Alaska enhanced stocks were also identified by thermal otolith 
marks from 39% of the chum and 4% of the sockeye salmon examined. Onboard stomach 
analysis of 20 potential predators, representing four species, did not provide evidence of 
predation on juvenile salmon. Biophysical measures from 2008 differed from prior years, 
in many respects. Integrated (20-m) temperatures and salinities were anomalously low 
and zooplankton densities were anomalously high in 2008. In addition, for most juvenile 
salmon species, unusual CPUE patterns, small fish size, and low condition residuals 
suggested that migration timing shifted to later than average. Long-term monitoring of 
key stocks of juvenile salmon, on seasonal and interannual time scales, will enable 
researchers to understand how growth, abundance, and ecological interactions affect 
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year-class strength of salmon and to better understand their roles in North Pacific marine 
ecosystems. 

 
Orsi, J. A., Fergusson, E. A., Sturdevant, M. V., Wing, B. L., & Heard, W. R. (2010). 
Annual  

survey of juvenile salmon and ecologically-related species and environmental factors 
in the marine waters of Southeastern Alaska, May– August 2009. North Pacific 
Anadromous Fish Commission Document, 1280, 83 pp. 
Juvenile Pacific salmon (Oncorhynchus spp.), ecologically-related species, and 
associated biophysical data were collected from the marine waters of the northern and 
southern regions of southeastern Alaska in 2009. This annual survey marks 13 
consecutive years of systematically monitoring how juvenile salmon interact in marine 
ecosystems, and was implemented to identify the relationships among biophysical 
parameters that influence habitat use, marine growth, predation, stock interactions, and 
year-class strength of juvenile salmon. This report also contrasts the 2009 findings with 
selected biophysical parameters from the prior 12 sampling years. Up to 17 stations were 
sampled in epipelagic waters over four time periods (20 sampling days) from May to 
August. Typically, at each station, fish, zooplankton, surface water samples, and physical 
profile data were collected during daylight using a surface rope trawl, conical and bongo 
nets, a water sampler, and a conductivity-temperature-depth profiler. Surface (3-m) 
temperatures and salinities ranged from approximately 8 to 15 ºC and 19 to 31 PSU from 
May to August. Nearly 11,000 fish, representing 12 taxa, were captured in 60 rope trawl 
hauls in July and August in the two regions. No trawling was conducted in June, in 
contrast to all other years. Juvenile salmon comprised about 97% of the total fish catch. 
Juvenile pink (O.gorbuscha), chum (O. keta), sockeye (O. nerka), and coho salmon (O. 
kisutch) occurred in 56-98% of the trawls, while juvenile Chinook salmon (O. 
tshawytscha) occurred in < 13% of the hauls. All juvenile salmon species occurred more 
frequently in northern region trawls than in southern region trawls in July. In the northern 
region, catch rates of juvenile pink, chum, and coho salmon were higher in July than in 
August, whereas catches of sockeye salmon were higher in August. Coded-wire tags were 
recovered from 18 juvenile coho salmon from hatchery and wild stocks originating in 
southeastern Alaska. Alaska enhanced stocks were also identified by thermal otolith 
marks from 47% of the chum and 18% of the sockeye salmon examined. Onboard 
stomach analysis of 108 potential predators, representing seven species, did not provide 
evidence of predation on juvenile salmon. Biophysical measures from 2009 differed from 
prior years, in many respects. Integrated (20-m) temperature anomalies were all positive 
and salinity anomalies were negative; in particular, the May temperature anomaly was the 
2nd highest on record. Anomalies of zooplankton total density were positive each month, 
a trend which has persisted for four years. In addition, size anomalies for juvenile salmon 
were positive, a shift from the previous two years. Condition residual anomalies were 
unusually high for juvenile salmon species in August. These data, in conjunction with 
basin-scale biophysical parameters, are currently being used to forecast pink salmon 
harvest in southeastern Alaska. Long-term monitoring of key stocks of juvenile salmon, 
on seasonal and interannual time scales, will enable researchers to understand how 
growth, abundance, and ecological interactions affect year-class strength of salmon and 
to better understand their roles in North Pacific marine ecosystems. 
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Annual survey of juvenile salmon and ecologically-related species and 
environmental factors in the marine waters of Southeastern Alaska, May– August 
2010. North Pacific Anadromous Fish Commission Document, 1342, 87 pp. 
Juvenile Pacific salmon (Oncorhynchus spp.), ecologically-related species, and 
associated environmental (biophysical) data were collected from the marine waters of the 
northern region of southeastern Alaska in 2010. This annual survey, conducted by the 
Southeast Coastal Monitoring (SECM) project, marks 14 consecutive years of 
systematically monitoring how juvenile salmon utilize in marine ecosystems, and was 
implemented to identify the relationships among biophysical parameters that influence 
habitat use, marine growth, predation, stock interactions, and year-class strength of 
juvenile salmon. This report also contrasts the 2010 findings with selected biophysical 
parameters from the prior 13 sampling years. Up to 13 stations were sampled in 
epipelagic waters monthly, totaling 21 sampling days, from May to August. Fish, 
zooplankton, surface water samples, and physical profile data were typically collected 
during daylight at each station using a surface rope trawl, conical and bongo nets, a water 
sampler, and a conductivity-temperature-depth profiler. Surface (3-m) temperatures and 
salinities ranged from approximately 9 to 14 ºC and 17 to 32 PSU from May to August. 
More than 39,000 fish, representing 26 taxa, were captured in 67 rope trawl hauls fished 
from June to August. Juvenile salmon comprised about 97% of the total fish catch. 
Juvenile pink (O. gorbuscha), chum (O. keta), sockeye (O. nerka), and coho (O. kisutch) 
salmon occurred in 71-87% of the trawls, while juvenile Chinook salmon (O. 
tshawytscha) occurred in 9% of the hauls. Unusually high numbers of juvenile salmon 
were captured in strait habitat in both June and July, although CPUE was greatest in June 
for all species except sockeye salmon. Coded-wire tags were recovered from 15 juvenile 
coho salmon and one juvenile Chinook salmon from hatchery and wild stocks originating 
in southeastern Alaska and Washington. Alaska enhanced stocks were also identified by 
thermal otolith marks from 67% of the chum and 16% of the sockeye salmon examined. 
Onboard stomach analysis revealed predation on highly abundant juvenile salmon by 
adult coho salmon, a common predator, and adult pink salmon, a rare predator. 
Biophysical measures from 2010 differed from prior years, in many respects. May 
integrated (20-m) temperature anomalies were generally positive and salinity anomalies 
were generally negative; in particular, the positive May temperature anomaly was the 
highest on record. Zooplankton monthly total densities were near longterm averages, 
reversing the trend for strongly positive anomalies over the past four years. For juvenile 
pink, chum, and sockeye salmon, low condition residuals in June were followed by small 
size and low energy density in July. Regional biophysical data from SECM are used in 
conjunction with basin-scale biophysical parameters to forecast pink salmon harvest in 
southeastern Alaska. Longterm monitoring of key stocks of juvenile salmon, on seasonal 
and interannual time scales, will enable researchers to understand how growth, 
abundance, and ecological interactions affect year-class strength of salmon and to better 
understand their roles in North Pacific marine ecosystems.  
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Annual survey of juvenile salmon and ecologically-related species and 
environmental factors in the marine waters of Southeastern Alaska, May– August 
2011. North Pacific Anadromous Fish Commission Document, 1428, 102 pp. 
Juvenile Pacific salmon (Oncorhynchus spp.), ecologically-related species, and 
associated biophysical data were collected from the marine waters of the northern region 
of southeastern Alaska (SEAK) in 2011. This annual survey, conducted by the Southeast 
Coastal Monitoring (SECM) project, marks 15 consecutive years of systematically 
monitoring how juvenile salmon utilize marine ecosystems during a period of climate 
change. The survey was implemented to identify the relationships between year-class 
strength of juvenile salmon and biophysical parameters that influence their habitat use, 
marine growth, prey fields, predation, and stock interactions. This report also contrasts 
the 2011 findings with selected biophysical factors from the prior 14 sampling years. 
Thirteen stations were sampled monthly in epipelagic waters from May to August (total 
of 21 sampling days). Fish, zooplankton, surface water samples, and physical profile data 
were typically collected during daylight at each station using a surface rope trawl, Norpac 
and bongo nets, a water sampler, and a conductivity-temperature-depth profiler. Surface 
(3-m) temperatures and salinities ranged from approximately 6 to 14 ºC and 15 to 32 
PSU, respectively, from May to August across inshore, strait, and coastal habitats. A total 
of 6,640 fish and squid, representing 27 taxa, were captured in 96 rope trawl hauls fished 
from June to August. Juvenile salmon comprised approximately 78% of the total fish 
catch. Juvenile pink (O. gorbuscha), chum (O. keta), sockeye (O. nerka), and coho (O. 
kisutch) salmon occurred in 42-80% of the hauls by month and habitat, while juvenile 
Chinook salmon (O. tshawytscha) occurred in ≤ 17% of the hauls. Abundance of juvenile 
salmon was relatively low in 2011; peak catch-per-unit-effort (CPUE) in strait habitat 
occurred in August for all species except chum salmon (June). Coded-wire tags were 
recovered from 10 coho salmon and 6 Chinook salmon from hatchery and wild stocks 
originating in SEAK and Washington. Alaska enhanced stocks were also identified by 
thermal otolith marks from 60%, 21%, and 5% of chum, sockeye, and coho salmon 
examined, respectively. Predation on juvenile salmon was observed in 3 of 9 species 
examined. Biophysical measures from 2011 differed from prior years, in many respects. 
Compared to the 15-yr longterm mean values, temperature anomalies were negative, 
salinity anomalies were positive, zooplankton density was low, and condition residuals 
were negative forjuvenile pink, chum, and sockeye salmon. The SECM juvenile salmon 
stock assessment and biophysical data are used in conjunction with basin-scale 
biophysical data to forecast pink salmon harvest in SEAK. Longterm seasonal monitoring 
of key stocks of juvenile salmon and associated ecologically-related species, including 
fish predators and prey, permits researchers to understand how growth, abundance, and 
interactions affect year-class strength of salmon during climate change in marine 
ecosystems. 
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survey of juvenile salmon and ecologically-related species and environmental factors 
in the marine waters of Southeastern Alaska, May– August 2012. North Pacific 
Anadromous Fish Commission Document, 1485, 92 pp. 
Juvenile Pacific salmon (Oncorhynchus spp.), ecologically-related species, and   
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associated bio physical data were collected from the marine waters of the northern region 
of southeastern Alaska (SEAK) in 2012. This annual survey, conducted by the Southeast 
Coastal Monitoring (SECM) project, marks 16 consecutive years of systematically 
monitoring how juvenile salmon utilize marine ecosystems during a period of climate 
change. The survey was implemented to identify the relationships between year-class 
strength of juvenile salmon and biophysical parameters that influence their habitat use, 
marine growth, prey fields, predation, and stock interactions. Thirteen stations were 
sampled monthly in epipelagic waters from May to August (total of 23 sampling days). 
Fish, zooplankton, surface water samples, and physical profile data were typically 
collected during daylight at each station using a surface rope trawl, Norpac and bongo 
nets, a water sampler, and a conductivity-temperature-depth profiler. Surface (3-m) 
temperatures and salinities ranged from approximately 7 to 14 ºC and 16 to 32 PSU 
across inshore, strait, and coastal habitats for the four months. A total of 46,144 fish and 
squid, representing 29 taxa, were captured in 96 rope trawl hauls fished from June to 
August. Juvenile salmon comprised approximately 96% of the total fish catch. Juvenile 
pink (O. gorbuscha), chum (O. keta), sockeye (O. nerka), and coho (O. kisutch) salmon 
occurred in 73-84% of the hauls by month and habitat, while juvenile Chinook salmon 
(O. tshawytscha) occurred in 20% of the hauls. Abundance of juvenile salmon was high 
in 2012; peak CPUE occurred in July in strait habitat and in August in coastal habitat.  
Coded-wire tags were recovered from 27 coho salmon and 6 Chinook salmon, mainly 
including hatchery and wild stocks originating in SEAK and captured in strait habitat; an 
additional 18 adipose-clipped individuals without tags (presumably originating from the 
Pacific Northwest) were recovered mainly in coastal habitat. Alaska enhanced stocks 
comprised 71%, 30%, and 9% of chum, sockeye, and coho salmon, respectively. 
Predation on juvenile salmon was observed in 3 of 9 fish species examined. The longterm 
seasonal time series of SECM juvenile salmon stock assessment and biophysical data is 
used in conjunction with basin-scale ecosystem metrics to annually forecast pink salmon 
harvest in SEAK. Longterm seasonal monitoring of key stocks of juvenile salmon and 
associated ecologically-related species, including fish predators and prey, permits 
researchers to understand how growth, abundance, and interactions affect year-class 
strength of salmon during climate change in marine ecosystems.  
 

Orsi, J. A., Harding, J. A., Pool, S. S., Brodeur, R. D., Haldorson, L. J., Murphy, J. M., 
Moss, J. H., Farley Jr, E. V., Sweeting, R. M., Morris, J. F. T., Trudel, M., Beamish, 
R. J., Emmett, R. L., & Fergusson, E. A. (2007). Epipelagic fish assemblages 
associated with juvenile Pacific salmon in neritic waters of the California Current 
and the Alaska Current. In American Fisheries Society Symposium, 57, 105-155  
We compared epipelagic fish assemblages associated with juvenile (ocean-age 0) Pacific 
salmon Oncorhynchus spp. from neritic waters of the California Current and Alaska 
Current regions in the spring–summer and summer–fall periods of 2000–2004. Catches 
originated from rope trawl surveys conducted between latitudes37°N and 60°N and 
spanned more than 1,100 km in the coastal and inshore habitats of each region. Catch 
data were used from the epipelagic sampling of waters from near surface to depths of 
about 18 m, primarily over the continental shelf. Catch composition, frequency of 
occurrence, and density were evaluated between regions and habitats for day sampling. 
Diel (night and day) catch comparisons were also made at a few localities in each region. 
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In day catches from both regions, a total of 1.69 million fish and squid representing 52 
fish families and 118 fish species were sampled from 2,390 trawl hauls. Ninety-seven 
percent of the daytime catch was composed of 11 fish families and squid in coastal and 
inshore habitats of each region: clupeids dominated catches in the California Current 
(72% and 76% of catch, respectively), and salmonids dominated catches in the Alaska 
Current (46% and 62% of catch, respectively). Juveniles comprised 81–99% of salmon 
sampled in both coastal and inshore habitats of each region. Frequencies of occurrence 
were highest for juvenile salmon in both regions, but average densities were highest for 
Pacific herring Clupea pallasii and Pacific sardine Sardinops sagax in the California 
Current region. Cluster analyses revealed distinct geographic breakpoints in coastal 
species assemblages off central Vancouver Island and in inshore species assemblages in 
southeastern Alaska. Species were found to cluster into six groups from coastal localities 
and four groups from inshore localities. Indicator species analysis and nonmetric 
multidimensional scaling revealed that most species of juvenile salmonids were located 
in northern localities. Although juvenile salmon had the most uniform distribution of any 
species group, their densities relative to associated species were dramatically lower in the 
California Current, suggesting a higher degree of interactions between juvenile salmon 
and other species in this region. Diel comparisons in both regions indicated substantially 
higher catches at night, particularly of clupeids, osmerids, and gadids. Salmonids were a 
relatively minor component of the night catch in both regions due to dramatic diel shifts 
in community structure. Additional study of diel interactions of juvenile salmon and 
associated species is needed to quantify habitat utilizationdynamics in marine 
ecosystems. 
 

Osterback, A.-M. K., Frechette, D. M., Shelton, A. O., Hayes, S. A., Bond, M. H., Shaffer, 
S.  

A., & Moore, J. W. (2013). High predation on small populations: avian predation on 
imperiled salmonids. Ecosphere, 4(9), art116. doi:10.1890/ES13-00100.1  
Generalist predators can contribute to extinction risk of imperiled prey populations even 
through incidental predation. Quantifying predation on small populations is important to 
manage their recovery, however predation is often challenging to observe directly. 
Recovery of prey tags at predator colonies can indirectly provide minimum estimates of 
predation, however overall predation rates often remain unquantifiable because an 
unknown proportion of tags are deposited off-colony. Here, we estimated overall 
predation rates on threatened wild juvenile steelhead (Oncorhynchus mykiss) by 
generalist adult Western Gulls (Larus occidentalis) in six central California (USA) 
watersheds. We estimated predation rates by gulls from the recapture of PIT (passive 
integrated transponder) tags that were originally inserted into steelhead and were 
subsequently deposited at a Western Gull breeding colony, Año Nuevo Island (ANI). We 
combined three independent datasets to isolate different processes: (1) the probability a 
tagged steelhead was consumed during predation, (2) the probability a consumed tag was 
transported to ANI, and (3) the probability a transported tag was detected at ANI. 
Together, these datasets parameterized a hierarchical Bayesian model to quantify overall 
predation rates while accounting for tag loss between when prey were tagged and 
subsequent tag detection at ANI. Results from the model suggest that low recovery rates 
of PIT tags from steelhead at ANI were mostly driven by low probabilities of 
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transportation (≤0.167) of consumed tags to ANI. Low transportation probabilities equate 
to high per-capita probabilities of predation (≥0.306/yr) at the three watersheds in closest 
proximity to ANI, whereas predation rates were uncertain at watersheds farther from ANI 
due to very low transportation rates. This study provides the first overall estimate of 
Western Gull predation rates on threatened wild juvenile steelhead and suggests gull 
predation on salmonids is a larger source of mortality than was previously estimated from 
minimum predation rates. This study thus represents an important example of high rates 
of incidental predation by a generalist consumer on an imperiled prey and provides a 
quantitative framework to inform robust estimates of predation rates on small populations 
that can be applied to other systems where direct observation of predation is not feasible. 

 
Parsons, T. R., & Whitney, F. A. (2012). Did volcanic ash from Mt. Kasatoshi in 2008 

contribute to a phenomenal increase in Fraser River sockeye salmon (Oncorhynchus 
nerka) in 2010? Fisheries Oceanography, 21(5), 374–377. doi:10.1111/j.1365-
2419.2012.00630.x 
The effect of a widely distributed phytoplankton bloom triggered by volcanic ash from 
Alaska (Hamme et al., 2010. Geophys. Res. Lett. 37) on juvenile Fraser River sockeye is 
discussed in terms of the timing of ocean migration and trophic structure of the Gulf of 
Alaska. Our hypothesis is that the occurrence of a massive diatom bloom in the Gulf 
greatly enhanced energy ascendancy in the ocean at a time of year when adolescent 
sockeye migrated from the coast in 2008. We contend this increase in food availability 
was an important factor for the survival and growth of juvenile sockeye which led to one 
of the strongest sockeye returns on record in 2010 of 34 million, compared with perhaps 
the weakest return on record of 1.7 million the previous year. 
 

Patanasatienkul, T., Sanchez, J., Rees, E., Krkošek, M., Jones, S., & Revie, C. (2013). Sea 
lice infestations on juvenile chum and pink salmon in the Broughton Archipelago, 
Canada, from 2003 to 2012. Diseases of Aquatic Organisms, 105(2), 149–161. 
doi:10.3354/dao02616 
Juvenile pink salmon Oncorhynchus gorbuscha and chum salmon O. keta were sampled 
by beach or purse seine to assess levels of sea lice infestation in the Knight Inlet and 
Broughton Archipelago regions of coastal British Columbia, Canada, during the months 
of March to July from 2003 to 2012. Beach seine data were analyzed for sea lice 
infestation that was described in terms of prevalence, abundance, intensity, and intensity 
per unit length. The median annual prevalence for chum was 30%, ranging from 14% (in 
2008 and 2009) to 73% (in 2004), while for pink salmon, the median was 27% and 
ranged from 10% (in 2011) to 68% (in 2004). Annual abundance varied from 0.2 to 5 sea 
lice per fish with a median of 0.47 for chum and from 0.1 to 3 lice (median 0.42) for pink 
salmon. Annual infestation followed broadly similar trends for both chum and pink 
salmon. However, the abundance and intensity of Lepeophtheirus salmonis and Caligus 
clemensi, the 2 main sea lice species of interest, were significantly greater on chum than 
on pink salmon in around half of the years studied. Logistic regression with random 
effect was used to model prevalence of sea lice infestation for the combined beach and 
purse seine data. The model suggested inter-annual variation as well as a spatial 
clustering effect on the prevalence of sea lice infestation in both chum and pink salmon. 
Fish length had an effect on prevalence, although the nature of this effect differed 
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according to host species. 
 
Peacock, S. J., Connors, B. M., Krkošek, M., Irvine, J. R., & Lewis, M. A. (2014). Can  

reduced predation offset negative effects of sea louse parasites on chum salmon? 
Proceedings of the Royal Society B: Biological Sciences, 281(1776), 20132913. 
doi:10.1098/rspb.2013.2913  
The impact of parasites on hosts is invariably negative when considered in isolation, but 
may be complex and unexpected in nature. For example, if parasites make hosts less 
desirable to predators then gains from reduced predation may offset direct costs of being 
parasitized. We explore these ideas in the context of sea louse infestations on salmon. In 
Pacific Canada, sea lice can spread from farmed salmon to migrating juvenile wild 
salmon. Low numbers of sea lice can cause mortality of juvenile pink and chum salmon. 
For pink salmon, this has resulted in reduced productivity of river populations exposed to 
salmon farming. However, for chum salmon, we did not find an effect of sea louse 
infestations on productivity, despite high statistical power. Motivated by this unexpected 
result, we used a mathematical model to show how a parasite-induced shift in predation 
pressure from chum salmon to pink salmon could offset negative direct impacts of sea 
lice on chum salmon. This shift in predation is proposed to occur because predators show 
an innate preference for pink salmon prey. This preference may be more easily expressed 
when sea lice compromise juvenile salmon hosts, making them easier to catch. Our 
results indicate how the ecological context of host–parasite interactions may dampen, or 
even reverse, the expected impact of parasites on host populations. 

 
Peacock, S. J., Krkošek, M., Proboszcz, S., Orr, C., & Lewis, M. A. (2012). Cessation of a 

salmon decline with control of parasites. Ecological Applications, 23(3), 606–620. 
doi:10.1890/12-0519.1 
The resilience of coastal social–ecological systems may depend on adaptive responses to 
aquaculture disease outbreaks that can threaten wild and farm fish. A nine-year study of 
parasitic sea lice (Lepeophtheirus salmonis) and pink salmon (Oncorhynchus gorbuscha) 
from Pacific Canada indicates that adaptive changes in parasite management on salmon 
farms have yielded positive conservation outcomes. After four years of sea lice epizootics 
and wild salmon population decline, parasiticide application on salmon farms was 
adapted to the timing of wild salmon migrations. Winter treatment of farm fish with 
parasiticides, prior to the out-migration of wild juvenile salmon, has reduced epizootics 
of wild salmon without significantly increasing the annual number of treatments. Levels 
of parasites on wild juvenile salmon significantly influence the growth rate of affected 
salmon populations, suggesting that these changes in management have had positive 
outcomes for wild salmon populations. These adaptive changes have not occurred 
through formal adaptive management, but rather, through multi-stakeholder processes 
arising from a contentious scientific and public debate. Despite the apparent success of 
parasite control on salmon farms in the study region, there remain concerns about the 
long-term sustainability of this approach because of the unknown ecological effects of 
parasticides and the potential for parasite resistance to chemical treatments. 
 

Peterman, R. M., & Dorner, B. (2012). A widespread decrease in productivity of sockeye 
salmon (Oncorhynchus nerka) populations in western North America. Canadian 
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Journal of Fisheries and Aquatic Sciences, 69(8), 1255–1260. doi:10.1139/f2012-063 
We used data on 64 stocks of sockeye salmon (Oncorhynchus nerka) from British 
Columbia (B.C.), Washington, and Alaska to determine whether recent decreases in 
abundance and productivity observed for Fraser River, B.C., sockeye have occurred more 
widely. We found that decreasing time trends in productivity have occurred across a large 
geographic area ranging from Washington, B.C., southeast Alaska, and up through the 
Yakutat peninsula, Alaska, but not in central and western Alaska. Furthermore, a pattern 
of predominantly shared trends across southern stocks and opposite trends between them 
and stocks from western Alaska was present in the past (1950–1985), but correlations 
have intensified since then. The spatial extent of declining productivity of sockeye 
salmon has important implications for management as well as research into potential 
causes of the declines. Further research should focus on mechanisms that operate at large, 
multiregional spatial scales, and (or) in marine areas where numerous correlated sockeye 
stocks overlap. 
 

Peterson, W. T. (2009). Copepod species richness as an indicator of long term changes in 
the coastal ecosystem of the northern California Current. CalCOFI Rep, 50, 73–81. 
Since at least the late 1960s, the coastal waters of the northern California Current have 
been warming 0.08 C per decade (summer) and 0.06 C per decade (winter. Over the same 
time period, for summers when the Pacific Decadal Oscillation (PDO) was negative and 
when zooplankton samples were available for study, copepod species richness increased 
from 6.9 species during 1969-1973, to 7.8 from 1999-2002, and 8.9 from 2007-08. 
During summers when PDO was positive, species richness increased from 9.1 (1990-92) 
to 12.2 (2003-06). The trend towards warmer sea surface temperatures and higher species 
richness suggests that the coastal branch of the northern California Current receives less 
water from the cold sub-Arctic Pacific Ocean and more water from the subtropical water 
mass offshore of Oregon. These changes have been accompanied by a reduction in 
survival of coho salmon (Oncorhynchus kisutch) from the 1970s (range of 6-12%) to an 
average of 3% over the past decade. Significant correlations between copepod species 
richness and coho salmon survival suggest that a time series of species richness may be 
sufficient to create an index for changes in food-chain structure. 
 

Peterson, W. T., Morgan, C. A., Fisher, J. P., & Casillas, E. (2010). Ocean distribution and 
habitat associations of yearling coho (Oncorhynchus kisutch) and Chinook (O. 
tshawytscha) salmon in the northern California Current. Fisheries Oceanography, 
19(6), 508–525. doi:10.1111/j.1365-2419.2010.00560.x 
Yearling juvenile coho and Chinook salmon were sampled on 28 cruises in June and 
September 1981–85 and 1998–07 in continental shelf and oceanic waters off the Pacific 
Northwest. Oceanographic variables measured included temperature, salinity, water 
depth, and chlorophyll concentration (all cruises) and copepod biomass during the cruises 
from 1998–07. Juvenile salmonids were found almost exclusively in continental shelf 

waters, and showed a patchy distribution: half were collected in ∼5% of the collections 
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and none were collected in ∼40% of the collections. Variance-to-mean ratios of the 

catches were high, also indicating patchy spatial distributions for both species. The 
salmon were most abundant in the vicinity of the Columbia River and the Washington 
coast in June; by September, both were less abundant, although still found mainly off 
Washington. In June, the geographic center-of-mass of the distribution for each species 
was located off Grays Harbor, WA, near the northern end of our sampling grid, but in 
September, it shifted southward and inshore. Coho salmon ranged further offshore than 
Chinook salmon: in June, the average median depth where they were caught was 85.6 and 
55.0 m, respectively, and in September it was 65.5 and 43.7 m, respectively. Abundances 
of both species were significantly correlated with water depth (negatively), chlorophyll 
(positively) and copepod biomass (positively). Abundances of yearling Chinook salmon, 
but not of yearling coho salmon, were correlated with temperature (negatively). We 
discuss the potential role of coastal upwelling, submarine canyons and krill in 
determining the spatial distributions of the salmon. 
 

Petrosky, C. E., & Schaller, H. A. (2010). Influence of river conditions during seaward 
migration and ocean conditions on survival rates of Snake River Chinook salmon 
and steelhead. Ecology of Freshwater Fish, 19(4), 520–536. doi:10.1111/j.1600-
0633.2010.00425.x 
Improved understanding of the relative influence of ocean and freshwater factors on 
survival of at-risk anadromous fish populations is critical to success of conservation and 
recovery efforts. Abundance and smolt to adult survival rates of Snake River Chinook 
salmon and steelhead decreased dramatically coincident with construction of hydropower 
dams in the 1970s. However, separating the influence of ocean and freshwater conditions 
is difficult because of possible confounding factors. We used long time-series of smolt to 
adult survival rates for Chinook salmon and steelhead to estimate first year ocean 
survival rates. We constructed multiple regression models that explained the survival rate 
patterns using environmental indices for ocean conditions and in-river conditions 
experienced during seaward migration. Survival rates during the smolt to adult and first 
year ocean life stages for both species were associated with both ocean and river 
conditions. Best-fit, simplest models indicate that lower survival rates for Chinook 
salmon are associated with warmer ocean conditions, reduced upwelling in the spring, 
and with slower river velocity during the smolt migration or multiple passages through 
powerhouses at dams. Similarly, lower survival rates for steelhead are associated with 
warmer ocean conditions, reduced upwelling in the spring, and with slower river velocity 
and warmer river temperatures. Given projections for warming ocean conditions, a 
precautionary management approach should focus on improving in-river migration 
conditions by increasing water velocity, relying on increased spill, or other actions that 
reduce delay of smolts through the river corridor during their seaward migration. 
 

Pinnix, W. D., Nelson, P. A., Stutzer, G., & Wright, K. A. (2013). Residence time and 
habitat use of coho salmon in Humboldt Bay, California: an acoustic telemetry 
study. Environmental Biology of Fishes, 96(2-3), 315–323. doi:10.1007/s10641-012-
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0038-x 
We monitored the movement of coho salmon (Oncorhynchus kisutch) smolts with 
acoustic transmitters from freshwater, through the freshwater/estuary ecotone, through 
the estuary, and to ocean entry to determine residence time and habitat use in Humboldt 
Bay, California. Tagged fish were monitored with a fixed receiver network and mobile 
tracking conducted from a boat. Coho salmon observed during the two-year study resided 
in Humboldt Bay beginning at least as early as late April and resided through the 
beginning of July. Coho salmon smolts spent more time in the freshwater/estuary ecotone 
compared to the lower estuary and spent an average of 10–12 days migrating to 
Humboldt Bay. Coho salmon smolts resided in Humboldt Bay, a marine embayment, for 
an average of 15–22 days prior to leaving the bay for the open ocean. Coho salmon 
smolts, as observed from mobile tracking, used deep channels and channel margins more 
often than floating eelgrass mats, pilings, and docks. In addition, tagged fish were more 
often detected in the central portions of Humboldt Bay characterized by deep channels 
with narrow intertidal margins. There were fewer detections in other portions of the bay 
characterized by shallow channels with large intertidal mudflats and eelgrass meadows. 
Relatively short transmitter life (70 days) precluded determining the latest date of coho 
salmon smolt residency in Humboldt Bay. In addition, tag size limited use to the largest 
emigrating smolts and may not represent the behaviors of the smaller-sized smolts which 
were more abundant. 
 

Pool, S. S., Brodeur, R. D., Goodman, N. L., & Daly, E. A. (2008). Abundance, distribution, 
and feeding patterns of juvenile coho salmon (Oncorhynchus kisutch) in the Juan de 
Fuca Eddy. Estuarine, Coastal and Shelf Science, 80(1), 85–94. 
doi:10.1016/j.ecss.2008.07.009 
The Juan de Fuca Eddy is a seasonal, counter-clockwise gyre off the mouth of the Strait 
of Juan de Fuca between Washington, USA and British Columbia, Canada that may 
provide favorable feeding habitat for juvenile coho salmon (Oncorhynchus kisutch) 
during their early marine existence. In late September 2002, physical and biological 
sampling was conducted along two transects of the eddy region. Surface rope trawling 
was conducted to capture juvenile salmon and other nekton, along with bongo and 
neuston net tows to examine potential mesozooplanktonic salmon prey. Presence of the 
Juan de Fuca Eddy was confirmed with vertical water profiles. In addition, nutrient and 
chlorophyll a concentrations collected from 3-m depth were within the range observed in 
previous studies within the eddy region. In the mesozooplankton community, 
euphausiids, chaetognaths, and decapod megalopae were common. In the diet of juvenile 
coho salmon, euphausiids and decapod megalopae were dominant by percent number, 
and larval and juvenile fish were dominant by percent weight. Feeding intensity (percent 
body weight) based on stomach contents was variable, but not significantly different 
among stations. To compare the Juan de Fuca Eddy region with an upwelling area, we 
sampled along a transect off La Push (LP), Washington, USA which is south of the eddy. 
The eddy region was found to be less productive than the LP transect. Nutrients were 
lower, chlorophyll a concentrations were higher, and zooplankton abundance was 
generally higher along the LP transect than in the eddy region. In addition, more juvenile 
coho salmon were captured from the LP transect than the eddy region. Prey items in 
stomachs of salmon from the LP transect were heterogeneous compared to those from the 
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eddy region. Feeding intensity along the LP transect was slightly lower and more variable 
than in the eddy region, and differences in feeding intensity among LP stations were 
significant. In addition, feeding intensities among stations nested within regions were 
significantly different. 
 

Pool, S. S., Reese, D. C., & Brodeur, R. D. (2012). Defining marine habitat of juvenile 
Chinook salmon, Oncorhynchus tshawytscha, and coho salmon, O. kisutch, in the 
northern California Current System. Environmental Biology of Fishes, 93(2), 233–
243. doi:10.1007/s10641-011-9909-9 
We investigated habitat use by juvenile Chinook salmon (Oncorhynchus tshawytscha) 
and coho salmon (O. kisutch) to identify environmental characteristics that may define 
their optimal marine habitat. We utilized physical and biological data from four cruises in 
the northern California Current system from Newport, Oregon, to Crescent City, 
California, in June and August 2000 and 2002. A non-parametric statistical method was 
used to analyze and select environmental parameters that best defined ocean habitat for 
each species. Regression trees were generated for all cruises combined to select the most 
important habitat variables. Chlorophyll a concentration best defined habitat of yearling 
Chinook salmon, while decapod larvae, salinity, and neuston biovolume defined habitat 
of yearling coho salmon. Using criteria from the regression tree analysis, GIS maps were 
produced to show that the habitat of yearling Chinook salmon was widespread over the 
continental shelf and the habitat of yearling coho salmon was variable and mainly north 
of Cape Blanco. 
 

Preikshot, D., Beamish, R. J., & Neville, C. M. (2013). A dynamic model describing 
ecosystem-level changes in the Strait of Georgia from 1960 to 2010. Progress in 
Oceanography, 115, 28–40. doi:10.1016/j.pocean.2013.05.020 
We developed an ecosystem model of the Strait of Georgia which emulates biomass and 
mortality changes between 1960 and 2009 to study ecosystem mechanisms governing 
dynamics in fished species and marine mammals. The model uses hindcast annual 
variation in bottom-up production, fisheries catches and predator-prey dynamics to 
simulate observed changes in fish, mammal and bird populations in the Strait of Georgia. 
This model emulates the timing and magnitude of historic changes in biomass and 
mortality of Coho and Chinook salmon as well as other major species like Pacific 
herring, orcas, harbour seals, lingcod, spiny dogfish and marine birds. Simulated 
production trends indicate the Strait of Georgia had relatively high production from the 
mid-1970s to late 1980s and entered a lower production regime in the early 1990s that 
has persisted to 2009. The simulations also indicate that the mean trophic level of 
vertebrates declined over the period 1990 to 2009. This model provides a tool to evaluate 
potential ecosystem changes in the Strait of Georgia. 
 

Preikshot, D., Beamish, R. J., & Sweeting, R. (2010). Changes in the diet composition of  
juvenile sockeye salmon in the Strait of Georgia from the 1960s to the present. North 
Pacific Anadromous Fish Commission Document, 1285, 17 pp.  
Studies of the diet of juvenile sockeye salmon in the Strait of Georgia over the past 40 
years show a trend of decreasing consumption of copepods and increasing consumption 
of decapod zooea and larvae. Presently, amphipods and decapods are the dominant prey 

102 
 



items on the diet, representing approximately 60% of a relativey restricted number of 
items. The dominance of decapods in the diet appeared to be unique among the diets of 
juvenile salmon examined in other studies. Amphipods were usually the most common 
diet item in all examined studies of juvenile sockeye salmon diets. Studies of the diets of 
juvenile sockeye salmon, including our own, provide patchy information about a critical 
period in the establishment of brood year abundance. More comprehensive studies are 
needed that monitor the diets of juvenile sockeye salmon throughout the early marine 
period in relation to the composition of their zooplankton prey items. 

 
Preikshot, D., Beamish, R. J., Sweeting, R. M., Neville, C. M., & Beacham, T. D. (2012). 

The residence time of juvenile Fraser River sockeye salmon in the Strait of Georgia. 
Marine and Coastal Fisheries, 4(1), 438–449. doi:10.1080/19425120.2012.683235 
Mortality in the early marine period in a particular habitat is related to the severity of the 
factors causing mortality and the time that juvenile Pacific salmon Oncorhynchus spp. 
spend in the habitat. Juvenile sockeye salmon O. nerka produced in the Fraser River rear 
in the Strait of Georgia immediately upon leaving freshwater. We used catches from 
trawl and purse seine surveys to develop two estimates of their average residence time in 
the Strait of Georgia and present a third estimate which pertains to Chilko Lake smolts in 
particular. The average time between the entry of the last 1% of juvenile sockeye salmon 
into the Strait of Georgia and the departure of the last juveniles was 54 d. The average 
time between the point when the maximum number of juvenile sockeye salmon entered 
the Strait of Georgia and the point when the maximum abundance in the strait occurred 
was 43 d. Individuals from the Chilko Lake population were shown to spend a minimum 
of 31–43 d in the Strait of Georgia, indicating that an average residence time of about 43–
54 d is plausible. 
 

Price, M. H. H., Glickman, B. W., & Reynolds, J. D. (2013). Prey selectivity of Fraser River 
sockeye salmon during early marine migration in British Columbia. Transactions of 
the American Fisheries Society, 142(4), 1126–1133. 
doi:10.1080/00028487.2013.799517 
Mortality of salmon during early marine life has long been thought to be a critical factor 
in limiting overall abundance. One of the key hypotheses proposed to explain the long-
term productivity decline of Canada’s iconic Fraser River Sockeye Salmon 
Oncorhynchus nerka, is deficient habitat conditions experienced during early marine life. 
Our study is a first step towards testing this hypothesis, with an aim of understanding 
food availability and prey choice of juvenile salmon early in their coastal migration. We 
investigated zooplankton density, diet composition, and foraging selectivity of juvenile 
Fraser Sockeye Salmon during the 2009 and 2010 migrations and determined whether the 
timing of their migration was related to feeding success. Sockeye Salmon diets showed 
high prey diversity and a preference for euphausiid, amphipod, decapod, terrestrial insect, 
fish, egg, and cumacean prey. Calanoid copepods, the most abundant available prey, were 
not strongly selected in either year. Zooplankton densities were highest in the tidally 
mixed Discovery Passage–Johnstone Strait area. The fish appeared to have an adequate 
prey resource pool during their early marine migration, and in the 2 years of our study we 
observed similar feeding success throughout the migration period. Importantly, we found 
no evidence of food limitations that might indicate that juveniles suffered food 
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deprivation. Further research is needed to test the generality of these findings, including 
the potential impacts of warming ocean temperatures on the timing and availability of 
prey during migration.  
 

Price, M. H. H., Morton, A., & Reynolds, J. D. (2010). Evidence of farm-induced parasite 
infestations on wild juvenile salmon in multiple regions of coastal British Columbia, 
Canada. Canadian Journal of Fisheries and Aquatic Sciences, 67(12), 1925–1932. 
doi:10.1139/F10-105 
Salmon farms are spatially concentrated reservoirs of fish host populations that can 
disrupt natural salmonid host–parasite dynamics. Sea lice frequently infect farm salmon 
and parasitize sympatric wild juvenile salmonids, with negative impacts on survival in 
Europe and Pacific Canada. We examined louse parasitism of wild juvenile chum salmon 
(Oncorhynchus keta) and pink salmon (Oncorhynchus gorbuscha) from three salmon 
farming regions in British Columbia (Finlayson, Broughton Archipelago, and Georgia 
Strait). We compared sites of low and high exposure to farms and included an area 
without farms (Bella Bella) to assess baseline infection levels. Louse prevalence and 
abundance were lowest and most similar to natural baseline levels at low-exposure sites 
and highest at high-exposure sites in all farm regions. A significantly greater proportion 
of the lice were Lepeophtheirus salmonis at high-exposure sites. Exposure to salmon 
farms was the only consistently significant factor to explain the variation in prevalence 
data, with a secondary role played by salinity. Our results support the hypothesis that 
salmon farms are a major source of sea lice on juvenile wild salmon in salmon farming 
regions and underscore the importance of using management techniques that mitigate 
threats to wild stocks. 
 

Price, M. H. H., Proboszcz, S. L., Routledge, R. D., Gottesfeld, A. S., Orr, C., & Reynolds, 
J. D. (2011). Sea louse infection of juvenile sockeye salmon in relation to marine 
salmon farms on Canada’s west coast. PLoS ONE, 6(2), e16851. 
doi:10.1371/journal.pone.0016851 
Background: Pathogens are growing threats to wildlife. The rapid growth of marine 
salmon farms over the past two decades has increased host abundance for pathogenic sea 
lice in coastal waters, and wild juvenile salmon swimming past farms are frequently 
infected with lice. Here we report the first investigation of the potential role of salmon 
farms in transmitting sea lice to juvenile sockeye salmon (Oncorhynchus nerka). 
Methodology/Principal Findings: We used genetic analyses to determine the origin of 
sockeye from Canada’s two most important salmon rivers, the Fraser and Skeena; Fraser 
sockeye migrate through a region with salmon farms, and Skeena sockeye do not. We 
compared lice levels between Fraser and Skeena juvenile sockeye, and within the salmon 
farm region we compared lice levels on wild fish either before or after migration past 
farms. We matched the latter data on wild juveniles with sea lice data concurrently 
gathered on farms. Fraser River sockeye migrating through a region with salmon farms 
hosted an order of magnitude more sea lice than Skeena River populations, where there 
are no farms. Lice abundances on juvenile sockeye in the salmon farm region were 
substantially higher downstream of farms than upstream of farms for the two common 
species of lice: Caligus clemensi and Lepeophtheirus salmonis, and changes in their 
proportions between two years matched changes on the fish farms. Mixed-effects models 
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show that position relative to salmon farms best explained C. clemensi abundance on 
sockeye, while migration year combined with position relative to salmon farms and 
temperature was one of two top models to explain L. salmonis abundance. 
Conclusions/Significance: This is the first study to demonstrate a potential role of salmon 
farms in sea lice transmission to juvenile sockeye salmon during their critical early 
marine migration. Moreover, it demonstrates a major migration corridor past farms for 
sockeye that originated in the Fraser River, a complex of populations that are the subject 
of conservation concern. 
 

Putman, N. F., Scanlan, M. M., Billman, E. J., O’Neil, J. P., Couture, R. B., Quinn, T. P.,  
Lohmann, K. J. Noakes, D. L. G. (2014). An inherited magnetic map guides ocean 
navigation in juvenile Pacific salmon. Current Biology. doi:10.1016/j.cub.2014.01.017 
Migratory marine animals exploit resources in different oceanic regions at different life 
stages, but how they navigate to specific oceanic areas is poorly understood [1, 2 and 3]. 
A particular challenge is explaining how juvenile animals with no prior migratory 
experience are able to locate specific oceanic feeding habitats that are hundreds or 
thousands of kilometers from their natal sites [1, 2, 3, 4, 5, 6 and 7]. Although adults 
reproducing in the vicinity of favorable ocean currents can facilitate transport of their 
offspring to these habitats [7, 8 and 9], variation in ocean circulation makes passive 
transport unreliable, and young animals probably take an active role in controlling their 
migratory trajectories [10, 11, 12 and 13]. Here we experimentally demonstrate that 
juvenile Chinook salmon (Oncorhynchus tshawytscha) respond to magnetic fields like 
those at the latitudinal extremes of their ocean range by orienting in directions that 
would, in each case, lead toward their marine feeding grounds. We further show that fish 
use the combination of magnetic intensity and inclination angle to assess their geographic 
location. The “magnetic map” of salmon appears to be inherited, as the fish had no prior 
migratory experience. These results, paired with findings in sea turtles [ 12, 13, 14, 15, 
16, 17, 18, 19, 20 and 21], imply that magnetic maps are phylogenetically widespread 
and likely explain the extraordinary navigational abilities evident in many long-distance 
underwater migrants. 

 
Quinn, T. P., Chamberlin, J., & Brannon, E. L. (2011). Experimental evidence of 

population-specific marine spatial distributions of Chinook salmon, Oncorhynchus 
tshawytscha. Environmental Biology of Fishes, 92(3), 313–322. doi:10.1007/s10641-
011-9841-z 
Migratory behavior can be affected by attributes of the animals themselves such as size 
and growth rate, external factors such as biotic and abiotic features of the environment, 
and also genetic tendencies. To better understand the role of genetics in the migratory 
behavior of Chinook salmon, Oncorhynchus tshawytscha, we report the results of an 
experiment in which two populations (University of Washington (UW) hatchery and 
Elwha River) and their hybrid offspring were reared at, tagged, and released from a single 
site, the UW hatchery, at a common size and date. The patterns of recoveries in fisheries 
differed markedly with respect to spatial distribution and also age of the fish. A larger 
proportion of the Elwha River fish were recovered in Puget Sound in their first year of 
marine life than the other groups (40.7% vs. 11.2% for UW and 7.0% for the hybrids). 
The Elwha River fish also showed a higher proportion of northerly recoveries (21.9%) 
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than UW fish (1.7%), and hybrids showed an intermediate value (8.1%). In contrast, no 
Elwha River fish were recovered south along the Washington coast compared to 1.3% of 
the hybrids and 7.7% of the UW fish. The specific mechanisms controlling the migration 
patterns of the populations remain unclear but the results strongly indicated a genetic 
influence on distribution patterns. 
 

Quinn, T. P., Shaffer, J. A., Brown, J., Harris, N., Byrnes, C., & Crain, P. (2013). Juvenile 
Chinook salmon, Oncorhynchus tshawytscha, use of the Elwha river estuary prior to 
dam removal. Environmental Biology of Fishes, 1–10. doi:10.1007/s10641-013-0173-z 
The estuary of the Elwha River, on Washington’s Olympic Peninsula, has been degraded 
and simplified over the past century from sediment retention behind two large dams, 
levee construction, and channelization. With the removal of Elwha Dam and initiation of 
Glines Canyon Dam’s removal in fall 2011, sediment deposits will change the estuary 
and affect anadromous and nearshore marine fishes. Juvenile Chinook salmon commonly 
use estuaries and the river’s population is part of an Evolutionarily Significant Unit listed 
as Threatened under the U.S. Endangered Species Act. This study reports on monthly 
sampling in part of the river’s estuary from March 2007 through September 2011 to 
characterize the seasonal changes in relative abundance of yearlings and sub-yearlings, 
and size distributions prior to dam removal. Most (69 %) of the yearlings were caught in 
April, when this life history type was released from the hatchery, and to a lesser extent in 
May (28 %) and June (3 %). Yearlings caught in the estuary were smaller than those 
released from the hatchery (means: 153 mm ± 28 SD vs. 175 mm ± 5 SD), suggesting 
more rapid departure by larger fish. Sub-yearlings were much more abundant in the 
estuary, and were caught from March through November, increasing in mean fork length 
by 8.7 mm month-1. The hatchery-origin sub-yearlings were not marked externally and 
so were not distinguishable from natural origin fish. However, 39 % of the sub-yearlings 
were caught prior to June, when sub-yearlings were released from the hatchery, 
indicating substantial use of the estuary by natural-origin fish. Thus, even in a reduced 
state after a century of dam operation, the highly modified estuary was used over many 
months by juvenile Chinook salmon. The information on juvenile Chinook salmon prior 
to dam removal provides a basis for comparison to patterns in the future, when the 
anticipated increase in estuarine complexity may further enhance habitat use by juvenile 
Chinook salmon. 
 

Rechisky, E. L., Welch, D. W., Porter, A. D., Jacobs, M. C., & Ladouceur, A. (2009). 
Experimental measurement of hydrosystem-induced delayed mortality in juvenile 
Snake River spring Chinook salmon (Oncorhynchus tshawytscha) using a large-scale 
acoustic array. Canadian Journal of Fisheries and Aquatic Sciences, 66(7), 1019–
1024. doi:10.1139/F09-078 
Out-migrating Snake River salmon smolts must pass eight major hydro dams before 
reaching the Pacific Ocean. Direct mortality at the dams is generally low; however, the 
cumulative stress caused by dam passage is hypothesized to result in delayed mortality, 
which occurs beyond the impounded section of the river. We tested the delayed mortality 
hypothesis by comparing in-river and early ocean survival of hatchery-origin spring 
Chinook salmon (Oncorhynchus tshawytscha) from the Snake River to a mid-Columbia 
River population that passes through only four dams and has higher smolt to adult return 
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rates. Smolts >140 mm fork length were implanted with acoustic transmitters and tracked 
with the Pacific Ocean Shelf Tracking (POST) array to as far as Alaska. There was no 
detectable difference in survivorship to the first ocean detection line, 274 km beyond the 
final dam (SSnake = 29% ± 4%, SYakima = 28% ± 5%), indicating that the survival disparity 
observed in adult return rates may develop later in the marine life history phase. Our 
study is the first to estimate survival in the coastal ocean and demonstrates the utility of a 
large-scale array in testing previously intractable hypotheses. 
 

Rechisky, E. L., Welch, D. W., Porter, A. D., Hess, J. E., & Narum, S. R. (2014). Testing for  
delayed mortality effects in the early marine life history of Columbia River Basin 
yearling Chinook salmon. Marine Ecology Progress Series, 496, 159–180. 
doi:10.3354/meps10692  
Juvenile Snake River Chinook salmon Oncorhynchus tshawytscha pass through 8 major 
hydroelectric dams during their >700 km migration to the sea, or are transported 
downriver to avoid these dams. Both of these anthropogenic processes may decrease 
fitness and lead to delayed mortality in the estuary and coastal ocean, and thus reduce the 
rate at which adults return to spawn. Using a large-scale telemetry array, we tested 
whether there was support for (1) hydrosystem-induced delayed mortality (hydro-DM) of 
yearlings migrating from the Snake River relative to yearlings migrating from the mid-
Columbia River, and (2) transportation-induced delayed mortality (transport-DM) for 
transported Snake River yearlings relative to yearlings which migrated in-river. We also 
tested for differential early marine survival between yearlings migrating from the Snake 
and upper Columbia Rivers. In 2010, seaward migrating yearling Chinook were captured 
at dam bypasses and origin was based on capture location; in 2011, dam-caught fish were 
identified using genetic stock identification. Survival of all groups during the initial 750 
km, >1 mo long migration through the estuary and coastal ocean to northwestern 
Vancouver Island ranged between 14 and 19% in 2010 and was lower in 2011 (1.5-8%). 
We found no support for hydro-DM, as survival of in-river migrating Snake and mid-
Columbia River yearlings was indistinguishable. We found mixed results for our 
transportation study, with no support for transport-DM in 2010, and weak support in 
2011. Our study provides further evidence that freshwater management strategies may 
not increase the rate of Chinook salmon returning to the Snake River if prior freshwater 
experience has no substantial influence on subsequent survival in the ocean. 

 
Rechisky, E. L., Welch, D. W., Porter, A. D., Jacobs-Scott, M. C., & Winchell, P. M. (2013). 

Influence of multiple dam passage on survival of juvenile Chinook salmon in the 
Columbia River estuary and coastal ocean. Proceedings of the National Academy of 
Sciences, 110(17), 6883–6888. doi:10.1073/pnas.1219910110 
Multiple dam passage during seaward migration is thought to reduce the subsequent 
survival of Snake River Chinook salmon. This hypothesis developed because juvenile 
Chinook salmon from the Snake River, the Columbia River’s largest tributary, migrate 
>700 km through eight hydropower dams and have lower adult return rates than 
downstream populations that migrate through only 3 or 4 dams. Using a large-scale 
telemetry array, we tested whether survival of hatchery-reared juvenile Snake River 
spring Chinook salmon is reduced in the estuary and coastal ocean relative to a 
downstream, hatchery-reared population from the Yakima River. During the initial 750-

107 
 



km, 1-mo-long migration through the estuary and coastal ocean, we found no evidence of 
differential survival; therefore, poorer adult returns of Snake River Chinook may develop 
far from the Columbia River. Thus, hydrosystem mitigation efforts may be ineffective if 
differential mortality rates develop in the North Pacific Ocean for reasons unrelated to 
dam passage. 
 

Rechisky, E. L., Welch, D. W., Porter, A. D., Jacobs-Scott, M. C., Winchell, P. M., & 
McKern, J. L. (2012). Estuarine and early-marine survival of transported and in-
river migrant Snake River spring Chinook salmon smolts. Scientific Reports, 2. 
doi:10.1038/srep00448 
Many juvenile Snake River Chinook salmon are transported downriver to avoid 

hydroelectric dams in the Columbia River basin. As mortality to the final dam is ∼50%, 

transported fish should return as adults at roughly double the rate of nontransported fish; 
however, the benefit of transportation has not been realized consistently. “Delayed” 
mortality caused by transportation-induced stress is one hypothesis to explain reduced 
returns of transported fish. Differential timing of ocean entry is another. We used a large-
scale acoustic telemetry array to test whether survival of transported juvenile spring 
Chinook is reduced relative to in-river migrant control groups after synchronizing ocean 
entry timing. During the initial 750 km, 1 month long migration after release, we found 
no evidence of decreased estuarine or ocean survival of transported groups; therefore, 
decreased survival to adulthood for transported Chinook is likely caused by factors other 
than delayed effects of transportation, such as earlier ocean entry. 
 

Reese, C., Hillgruber, N., Sturdevant, M., Wertheimer, A., Smoker, W., & Focht, R. (2009). 
Spatial and temporal distribution and the potential for estuarine interactions 
between wild and hatchery chum salmon (Oncorhynchus keta) in Taku Inlet, Alaska. 
Fishery Bulletin, 107(4), 433–450. 
We investigated estuarine spatial and temporal overlap of wild and marked hatchery 
chum salmon (Oncorhynchus keta) fry; the latter included two distinct size groups 
released near the Taku River estuary (Taku Inlet) in Southeast Alaska(early May releases 
of ~ 1.9 g and late May releases of ~ 3.9 g wet weight). Our objectives were to compare 
abundance, body size, and condition of wild chum salmon fry and hatchery chum salmon 
fry raised under early and late rearing strategies in different habitats of Taku Inlet and to 
document environmental factors that could potentially explain the distribution, size, and 
abundance of these chum salmon fry. We used a sampling design stratified into inner and 
outer inlet and neritic and littoral habitats. Hatchery fry were rare in the inner estuary in 
both years but outnumbered wild fry 20:1 in the outer estuary. Hatchery fry were 
significantly larger than wild fry in both littoral and neritic samples. Abundances of wild 
and hatchery fry were positively correlated in the outer inlet, indicating the formation of 
mixed schools of hatchery and wild fry. Spatial and temporal overlap was greatest 
between wild and early hatchery fry in the outer inlet in both habitats. The early hatchery 
release coincided with peak abundances of wild fry in the outer inlet, and the distribution 
of wild and early hatchery fry overlapped for about three weeks. Our results demonstrate 
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that the timing of release of hatchery fry may affect interactions with wild fry. 
 

Rensel, J. E., Haigh, N., & Tynan, T. J. (2010). Fraser River sockeye salmon marine 
survival decline and harmful blooms of Heterosigma akashiwo. Harmful Algae, 
10(1), 98–115. doi:10.1016/j.hal.2010.07.005 
A two-decade decline of Fraser River sockeye salmon, historically the most valuable 
west coast Canadian and United States salmon fishery, was linked with blooms of the 
harmful raphidophyte flagellate Heterosigma akashiwo in the Strait of Georgia (“Strait”), 
British Columbia. This region has the most intense and prolonged Heterosigma blooms 
of all B.C. regions analyzed. Marine survival of Chilko stock averaged 2.7% in years 
when juvenile sockeye salmon seawater migration in the Strait coincided with major 
Heterosigma blooms versus 10.9% in no or minor bloom index years. Since the mid 
1990s, September young-of-the-year (“YOY”) herring abundance was strongly correlated 
with marine survival rates of Chilko stock Fraser River sockeye salmon and Heterosigma 
bloom timing in the Strait. Juvenile sockeye salmon and YOY herring co-occur for only 
six weeks in mid-May through June during initial salmon migration in the Strait. Sockeye 
salmon marine survival rates were therefore determined in that early period. Fraser River 
discharge was a bloom-controlling factor with earlier and larger spring and early summer 
flows linked to major blooms in that period. Heterosigma is a most versatile and 
allelopathic harmful algal bloom species and may adversely affect sockeye salmon 
through acute and chronic toxicity or food web impoverishment. 
 

Rhodes, L. D., Durkin, C., Nance, S. L., & Rice, C. A. (2006). Prevalence and analysis of  
Renibacterium salmoninarum infection among juvenile Chinook salmon 
Oncorhynchus tshawytscha in North Puget Sound. Diseases of Aquatic Organisms, 
71(3), 179–190. doi:10.3354/dao071179  
Renibacterium salmoninarum causes bacterial kidney disease (BKD), a chronic and 
sometimes fatal disease of salmon and trout that could lower fitness in populations with 
high prevalences of infection. Prevalence of R. salmoninarum infection among juvenile 
Chinook salmon Oncorhynchus tshawytscha inhabiting neritic marine habitats in North 
Puget Sound, Washington, USA, was assessed in 2002 and 2003. Fish were collected by 
monthly surface trawl at 32 sites within 4 bays, and kidney infections were detected by a 
quantitative fluorescent antibody technique (qFAT). The sensitivity of the qFAT was 
within an order of magnitude of the quantitative real-time PCR (qPCR) sensitivity. 
Prevalence of infection was classified by fish origin (marked/hatchery vs. 
unmarked/likely natural spawn), month of capture, capture location and stock origin. The 
highest percentages of infected fish (63.5 to 63.8%) and the greatest infection severity 
were observed for fish collected in Bellingham Bay. The lowest percentages were found 
in Skagit Bay (11.4 to 13.5%); however, there was no difference in prevalence between 
marked and unmarked fish among the capture locations. The optimal logistic regression 
model of infection probabilities identified the capture location of Bellingham Bay as the 
strongest effect, and analysis of coded wire tagged (CWT) fish revealed that prevalence 
of infection was associated with the capture location and not with the originating stock. 
These results suggest that infections can occur during the early marine life stages of 
Chinook salmon that may be due to common reservoirs of infection or horizontal 
transmission among fish stocks. 
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Rhodes, L. D., Rice, C. A., Greene, C. M., Teel, D. J., Nance, S. L., Moran, P., Durkin, C. 

A., Gezhegne, S. B. (2011). Nearshore ecosystem predictors of a bacterial infection 
in juvenile Chinook salmon. Marine Ecology Progress Series, 432, 161–172. 
doi:10.3354/meps09160 
Disease epidemiology requires information about ecological and environmental 
conditions to identify factors that can influence disease progression. Bacterial kidney 
disease (BKD) is an endemic disease among Pacific Northwest salmonids that causes 
significant morbidity and mortality in artificially propagated stocks, but risk factors for 
infection among free-living salmon are unknown. We evaluated infection by the 
causative agent of BKD, Renibacterium salmoninarum, in 1752 fish across 52 sampling 
sites monthly from May to November 2003 as a component of a broader study of neritic 
habitat use in Puget Sound by juvenile Chinook salmon Oncorhynchus tshawytscha. 
Infection intensity was ≤10 cells per slide for 77% of the fish. Correlations between the 
density of Chinook salmon with infection prevalence and with infection intensity were 
observed across multiple spatial scales. Capture location was a stronger predictor of 
infection than fish origin (based on coded wire tags) or genetic stock. Influential risk 
factors by logistic regression were temperature, densities of marked and unmarked 
Chinook salmon, and density of river lamprey Lampetra ayresis. Renibacterium 
salmoninarum were found in gut contents and kidney of river lamprey, suggesting this 
species may be a transmission vector. The low infection intensity, lack of an effect of fish 
origin, effect of capture bay, and strong associations with Chinook salmon density are 
consistent with horizontal transmission of R. salmoninarum during the juvenile neritic 
phase, posing a potential for infectious interaction between sympatric hatchery and wild 
fish. 
 

Rice, C. A., Duda, J. J., Greene, C. M., & Karr, J. R. (2012). Geographic patterns of fishes 
and jellyfish in Puget Sound surface waters. Marine and Coastal Fisheries, 4(1), 117–
128. doi:10.1080/19425120.2012.680403 
We explored patterns of small pelagic fish assemblages and biomass of gelatinous 
zooplankton (jellyfish) in surface waters across four oceanographic subbasins of greater 
Puget Sound. Our study is the first to collect data documenting biomass of small pelagic 
fishes and jellyfish throughout Puget Sound; sampling was conducted opportunistically as 
part of a juvenile salmon survey of daytime monthly surface trawls at 52 sites during 
May–August 2003. Biomass composition differed spatially and temporally, but spatial 
differences were more distinct. Fish dominated in the two northern basins of Puget 
Sound, whereas jellyfish dominated in the two southern basins. Absolute and relative 
abundance of jellyfish, hatchery Chinook salmon Oncorhynchus tshawytscha, and chum 
salmon O. keta decreased with increasing latitude, whereas the absolute and relative 
abundance of most fish species and the average fish species richness increased with 
latitude. The abiotic factors with the strongest relationship to biomass composition were 
latitude, water clarity, and sampling date. Further study is needed to understand the 
spatial and temporal heterogeneity in the taxonomic composition we observed in Puget 
Sound surface waters, especially as they relate to natural and anthropogenic influences.  
 

Rice, C. A., Greene, C. M., Moran, P., Teel, D. J., Kuligowski, D. R., Reisenbichler, R. R., 
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Beamer, E. M., Karr, J. R., & Fresh, K. L. (2011). Abundance, stock origin, and 
length of marked and unmarked juvenile Chinook salmon in the surface waters of 
Greater Puget Sound. Transactions of the American Fisheries Society, 140(1), 170–
189. doi:10.1080/00028487.2010.550253 
This study focuses on the use by juvenile Chinook salmon Oncorhynchus tshawytscha of 
the rarely studied neritic environment (surface waters overlaying the sublittoral zone) in 
greater Puget Sound. Juvenile Chinook salmon inhabit the sound from their late estuarine 
residence and early marine transition to their first year at sea. We measured the density, 
origin, and size of marked (known hatchery) and unmarked (majority naturally spawned) 
juveniles by means of monthly surface trawls at six river mouth estuaries in Puget Sound 
and the areas in between. Juvenile Chinook salmon were present in all months sampled 
(April–November). Unmarked fish in the northern portion of the study area showed 
broader seasonal distributions of density than did either marked fish in all areas or 
unmarked fish in the central and southern portions of the sound. Despite these temporal 
differences, the densities of marked fish appeared to drive most of the total density 
estimates across space and time. Genetic analysis and coded wire tag data provided us 
with documented individuals from at least 16 source populations and indicated that 
movement patterns and apparent residence time were, in part, a function of natal location 
and time passed since the release of these fish from hatcheries. Unmarked fish tended to 
be smaller than marked fish and had broader length frequency distributions. The lengths 
of unmarked fish were negatively related to the density of both marked and unmarked 
Chinook salmon, but those of marked fish were not. These results indicate more 
extensive use of estuarine environments by wild than by hatchery juvenile Chinook 
salmon as well as differential use (e.g., rearing and migration) of various geographic 
regions of greater Puget Sound by juvenile Chinook salmon in general. In addition, the 
results for hatchery-generated timing, density, and length differences have implications 
for the biological interactions between hatchery and wild fish throughout Puget Sound. 
 

Roegner, G. C., McNatt, R., Teel, D. J., & Bottom, D. L. (2012). Distribution, size, and 
origin  

of juvenile Chinook salmon in shallow-water habitats of the lower Columbia River 
and estuary, 2002–2007. Marine and Coastal Fisheries, 4(1), 450–472. 
doi:10.1080/19425120.2012.675982  
We monitored fish assemblages monthly at estuarine and tidal freshwater sites in the 
lower Columbia River and estuary from January 2002 through September 2007 in order 
to identify specific salmon stocks and migration stages that may benefit from habitat 
restoration initiatives. We report landscape-scale and seasonal variation in abundance, 
size, hatchery production (based on adipose fin clips), and genetic stock of origin of 
juvenile Chinook salmon Oncorhynchus tshawytscha. From fish implanted with coded 
wire tags (CWTs), we also determined the sites of release and inferred migration patterns. 
Chinook salmon were found in diverse life history stages and forms, including fry 
migrants, fingerlings, and (fewer) yearlings. Abundance increased in February and 
decreased in August, but salmon were present in all months each year. Spatial gradients 
in abundance and size were strong, with fewer but larger fish in brackish than in tidal 
freshwater zones. Overall, 30% of the Chinook salmon measured were fry (≤60 mm) that 
were likely naturally produced fish. These occurred at higher mean monthly proportions 
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in tidal freshwater than in estuarine zones. In contrast, most larger fish were probably 
raised in hatcheries. Genetic stock assessment revealed that the majority of the Chinook 
salmon analyzed were from fall-run stock groups originating in the lower Columbia 
River, with 15% originating from other stock groups. Of these minority contributors, 
about 6% were identified as upper Columbia River summer–fall-run Chinook salmon 
while seven other stock groups accounted for the remainder, including 3% from 
transplants originating in southern Oregon’s Rogue River. Recaptures of tagged fish 
revealed maximum migration times of 143 d for subyearlings and 52 d for yearlings, and 
both CWT and genetic data indicated that fall Chinook salmon from coastal rivers 
occasionally entered the estuary. These data demonstrated a widespread temporal and 
spatial distribution of subyearling Chinook salmon in shallow-water habitats of the lower 
Columbia River and estuary.  

 
Rogers, L. A., Peacock, S. J., McKenzie, P., DeDominicis, S., Jones, S. R. M., Chandler, P., 

Foreman, M. G. G., Revie, C. W., & Krkošek, M. (2013). Modeling parasite 
dynamics on farmed salmon for precautionary conservation management of wild 
salmon. PLoS ONE, 8(4), e60096. doi:10.1371/journal.pone.0060096 
Conservation management of wild fish may include fish health management in sympatric 
populations of domesticated fish in aquaculture. We developed a mathematical model for 
the population dynamics of parasitic sea lice (Lepeophtheirus salmonis) on domesticated 
populations of Atlantic salmon (Salmo salar) in the Broughton Archipelago region of 
British Columbia. The model was fit to a seven-year dataset of monthly sea louse counts 
on farms in the area to estimate population growth rates in relation to abiotic factors 
(temperature and salinity), local host density (measured as cohort surface area), and the 
use of a parasiticide, emamectin benzoate, on farms. We then used the model to evaluate 
management scenarios in relation to policy guidelines that seek to keep motile louse 
abundance below an average three per farmed salmon during the March–June juvenile 
wild Pacific salmon (Oncorhynchus spp.) migration. Abiotic factors mediated the 
duration of effectiveness of parasiticide treatments, and results suggest treatment of 
farmed salmon conducted in January or early February minimized average louse 
abundance per farmed salmon during the juvenile wild salmon migration. Adapting the 
management of parasites on farmed salmon according to migrations of wild salmon may 
therefore provide a precautionary approach to conserving wild salmon populations in 
salmon farming regions. 
 

Rohde, J., Kagley, A. N., Fresh, K. L., Goetz, F. A., & Quinn, T. P. (2013). Partial 
migration and diel movement patterns in Puget Sound coho salmon. Transactions of 
the American Fisheries Society, 142(6), 1615–1628. 
doi:10.1080/00028487.2013.822421 
Partial migration, a term referring to populations in which only a fraction of the 
individuals migrate, is a widespread phenomenon among fishes. However, it is not 
always clear whether there are only two alternatives (migration or residency) or a 
continuum of movement patterns. For example, Coho Salmon Oncorhynchus kisutch are 
anadromous, and most individuals rear over the continental shelf or in offshore waters of 
the North Pacific Ocean; however, some Coho Salmon (known as residents) spend all or 
part of their marine lives within Puget Sound. The movements of residents are poorly 
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documented, and it is unclear whether they ever leave Puget Sound and move to the coast 
of Washington and to what extent they move within Puget Sound. Accordingly, the goal 
of this study was to investigate the patterns of movement by immature Coho Salmon in 
Puget Sound at a series of spatial scales. We tagged 45 resident Coho Salmon in the 
central basin of Puget Sound with acoustic transmitters and detected their movements 
with fixed receivers in the Salish Sea. Seven individuals were detected as departing Puget 
Sound through the Strait of Juan de Fuca, but these fish did not differ in body size, origin 
(wild or hatchery), or tagging date from fish that remained in Puget Sound. The fish 
remaining as residents seldom moved between the marine basins of Puget Sound. Within 
the central basin, deeper/offshore sites had higher frequencies of detection and other 
indices of site use. Fish were more often present and moved more often at shallow sites 
close to shore during the night, whereas they were more often present and moved more at 
deep, offshore sites during the day. We suggest that rather than being a discrete behavior, 
residence in Puget Sound by Coho Salmon is part of a continuum of migratory behavior 
patterns.  
 

Romer, J. D., Leblanc, C. A., Clements, S., Ferguson, J. A., Kent, M. L., Noakes, D., & 
Schreck, C. B. (2013). Survival and behavior of juvenile steelhead trout 
(Oncorhynchus mykiss) in two estuaries in Oregon, USA. Environmental Biology of 
Fishes, 96(7), 849–863. doi:10.1007/s10641-012-0080-8 
Anadromous salmonids are viewed as a prized commodity and cultural symbol 
throughout the Pacific coast of North America. Unfortunately, several native salmonid 
populations are threatened or at risk of extinction. Despite this, little is known about the 
behavior and survival of these fish as the juveniles transition from freshwater to the 
ocean. Our primary objectives were to estimate survival of juvenile steelhead migrating 
between trapping sites and the ocean and evaluate whether survival in the estuary varies 
temporally (within a year) or spatially (within and between estuaries) within the same 
distinct population segment. We also evaluated whether flow or fork length were 
correlated with survival and collected information on variables that have been 
demonstrated to affect smolt survival in other studies to lend insight regarding differences 
in survival estimates between basins. We compared run timing, migration rate, survival, 
condition factor, age composition and time of residence in the estuary for steelhead 
outmigrants from each basin and measured parasite loads in outmigrating steelhead to 
evaluate potential differences in parasite density and parasite community between basins. 
In 2009, we implanted acoustic transmitters in 139 wild steelhead smolts in two small 
rivers on the Oregon Coast. In general, only 40–50 % of the wild steelhead smolts tagged 
at upstream smolt traps were detected entering the ocean. The majority of mortality 
occurred in the lower estuary near the ocean. Wild steelhead smolts typically spent less 
than 1 day in the estuary in both basins. Using similar data from previous studies in the 
Nehalem and Alsea basins, we showed that survival appears to be negatively correlated 
with flow in most releases, and in 2009 fork length was not correlated with survival. Our 
observations provide baseline information on factors that could influence smolt survival 
through the estuary as well as smolt to adult survival in these basins, and emphasize the 
importance of monitoring smolt survival in the estuary. 
 

Roni, P., Bennett, T., Holland, R., Pess, G., Hanson, K., Moses, R., McHenry, M., Ehinger,  
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W., & Walter, J. (2012). Factors affecting migration timing, growth, and survival of 
juvenile coho salmon in two coastal Washington watersheds. Transactions of the 
American Fisheries Society, 141(4), 890–906. doi:10.1080/00028487.2012.675895  
Recent improvements in tagging technology allow for the examination of the migration 
of individual fish, the detection of previously unidentified life histories, and the detailed 
examination of factors affecting growth, migration, and survival. Using passive 
integrated transponder tags and instream readers installed near tidewater, we examined 
the migration, growth, and survival of 18,642 juvenile coho salmon Oncorhynchus 
kisutch in two small western Washington rivers from 2005 to 2009. In most years, more 
than 50% of the juvenile coho salmon from a given brood year migrated to sea between 1 
October and 31 December (fall migrants). These fall migrants were significantly smaller 
at tagging than fish that migrated between 1 January and 30 June (spring migrants) but 
were similar in size to fish that were never detected after tagging and assumed to have 
died. Annual coho salmon survival estimates from tagging to out-migration ranged from 
31% to 40% for fall and spring migrants combined but from 5% to 15% for spring 
migrants only. The best fitting regression models indicated that survival differed by river 
and year and was negatively correlated with tagging location (river kilometer) and 
positively correlated with fish length: larger fish and those tagged lower in the watershed 
were more likely to survive. The number of days juvenile coho salmon spent in 
freshwater before migrating to sea was positively correlated with tagging location, fish 
length (mm), and habitat depth (m) and negatively with density (coho salmon/m2). Our 
results suggest that fall or early winter migration is a common life history for juvenile 
coho salmon that is driven in part by fish size and location in the watershed. The 
exclusion of fall migrants may lead to underestimates of the total number of migrants and 
parr-to-smolt survival.  

 
Ruggerone, G. T., Nielsen, J. L., & Agler, B. A. (2009). Climate, growth and population 

dynamics of Yukon River Chinook salmon. North Pacific Anadromous Fish 
Commission Bulletin, 5, 279–285. 
Harvests of Yukon Chinook salmon increased in the mid-1970s, then declined during 
1998 to 2007 in response to fewer returning salmon. We examined annual growth of age-
1.3 and age-1.4 Yukon  Chinook salmon scales, 1965–2004, and tested the hypothesis 
that shifts in Chinook salmon abundance were related to annual growth at sea. Annual 
scale growth trends were not significantly correlated with salmon abundance indices, sea 
surface temperature, or climate indices, although growth during the first year at sea 
appeared to have been affected by the 1977 and 1989 ocean regime shifts. Chinook 
salmon scale growth was dependent on growth during the previous year, a factor that may 
have confounded detection of relationships among growth, environmental conditions, and 
abundance. Scale growth during the second year at sea was greater in odd-numbered 
years compared with even-numbered years, leading to greater adult length of age-1.3 
salmon in odd-numbered years. The alternating-year pattern in Chinook salmon growth 
was opposite that observed in Bristol Bay sockeye salmon, and it may be related to the 
higher trophic level of Chinook salmon and indirect competition with pink salmon. This 
finding highlights the need to investigate alternating-year patterns in salmon growth, prey 
abundance, and factors that influence these patterns, such as pink salmon. 
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Ruggerone, G. T., Nielsen, J. L., & Bumgarner, J. (2007). Linkages between Alaskan 
sockeye salmon abundance, growth at sea, and climate, 1955–2002. Deep Sea 
Research Part II: Topical Studies in Oceanography, 54(23–26), 2776–2793. 
doi:10.1016/j.dsr2.2007.08.016 
We tested the hypothesis that increased growth of salmon during early marine life 
contributed to greater survival and abundance of salmon following the 1976/1977 climate 
regime shift and that this, in turn, led to density-dependent reductions in growth during 
late marine stages. Annual measurements of Bristol Bay (Bering Sea) and Chignik (Gulf 
of Alaska) sockeye salmon scale growth from 1955 to 2002 were used as indices of body 
growth. During the first and second years at sea, growth of both stocks tended to be 
higher after the 1976–1977 climate shift, whereas growth during the third year and 
homeward migration was often below average. Multiple regression models indicated that 
return per spawner of Bristol Bay sockeye salmon and adult abundance of western and 
central Alaska sockeye salmon were positively correlated with growth during the first 2 
years at sea and negatively correlated with growth during later life stages. After 
accounting for competition between Bristol Bay sockeye and Asian pink salmon, age-
specific adult length of Bristol Bay salmon increased after the 1976–1977 regime shift, 
then decreased after the 1989 climate shift. Late marine growth and age-specific adult 
length of Bristol Bay salmon was exceptionally low after 1989, possibly reducing their 
reproductive potential. These findings support the hypothesis that greater marine growth 
during the first 2 years at sea contributed to greater salmon survival and abundance, 
which in turn led to density-dependent growth during later life stages when size-related 
mortality was likely lower. Our findings provide new evidence supporting the importance 
of bottom-up control in marine ecosystems and highlight the complex dynamics of 
species interactions that continually change as salmon grow and mature in the ocean. 
 

Rupp, D. E., Wainwright, T. C., Lawson, P. W., & Peterson, W. T. (2012). Marine 
environment-based forecasting of coho salmon (Oncorhynchus kisutch) adult 
recruitment. Fisheries Oceanography, 21(1), 1–19. doi:10.1111/j.1365-
2419.2011.00605.x 
Generalized additive models (GAMs) were used to investigate the relationships between 
annual recruitment of natural coho salmon (Oncorhynchus kisutch) from Oregon coastal 
rivers and indices of the physical ocean environment. Nine indices were examined, 
ranging from large-scale ocean indicators, e.g., Pacific Decadal Oscillation (PDO), to 
indicators of the local ecosystem (e.g., coastal water temperature near Charleston, OR). 
Generalized additive models with two and three predictor variables were evaluated using 
a set of performance metrics aimed at quantifying model skill in short-term 
(approximately 1 yr) forecasting. High explanatory power and promising forecast skill 
resulted when the spring/summer PDO averaged over the 4 yr prior to the return year was 
used to explain a low-frequency (multi-year) pattern in recruitment and one or two 
additional variables accounted for year-to-year deviations from the low-frequency 
pattern. More variance was explained when averaging the predictions from a set of 
models (i.e., taking the ensemble mean) than by any single model. Making multiple 
forecasts from a set of models also provided a range of possible outcomes that reflected, 
to some degree, the uncertainty in our understanding of how salmon productivity is 
driven by physical ocean conditions. 
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Ruzicka, J. J., Wainwright, T. C., & Peterson, W. T. (2011). A model-based meso-

zooplankton production index and its relation to the ocean survival of juvenile coho 
(Oncorhynchus kisutch). Fisheries Oceanography, 20(6), 544–559. doi:10.1111/j.1365-
2419.2011.00601.x 
The ocean survival of coho salmon (Oncorhynchus kisutch) off the Pacific Northwest 
coast has been related to oceanographic conditions regulating lower trophic level 
production during their first year at sea. Coastal upwelling is recognized as the primary 
driver of seasonal plankton production but as a single index upwelling intensity has been 
an inconsistent predictor of coho salmon survival. Our goal was to develop a model of 
upwelling-driven meso-zooplankton production for the Oregon shelf ecosystem that was 
more immediately linked to the feeding conditions experienced by juvenile salmon than a 
purely physical index. The model consisted of a medium-complexity plankton model 
linked to a simple one-dimensional, cross-shelf upwelling model. The plankton model 
described the dynamics of nitrate, ammonium, small and large phytoplankton, meso-
zooplankton (copepods), and detritus. The model was run from 1996 to 2007 and 
evaluated on an interannual scale against time-series observations of copepod biomass. 
The model’s ability to capture observed interannual variability improved substantially 
when the copepod community size distribution was taken into account each season. The 
meso-zooplankton production index was significantly correlated with the ocean survival 
of hatchery coho salmon from the Oregon production area, although the coastal 
upwelling index that drove the model was not itself correlated with survival. Meso-
zooplankton production within the summer quarter (July–September) was more strongly 
correlated with coho survival than was meso-zooplankton production in the spring 
quarter (April–June). 
 

Sackville, M., Tang, S., Nendick, L., Farrell, A. P., & Brauner, C. J. (2011). Pink salmon 
(Oncorhynchus gorbuscha) osmoregulatory development plays a key role in sea 
louse (Lepeophtheirus salmonis) tolerance. Canadian Journal of Fisheries and 
Aquatic Sciences, 68(6), 1087–1096. doi:10.1139/f2011-037 
Sea lice (Lepeophtheirus salmonis) of fish-farm origin have been implicated in reducing 
populations of pink salmon (Oncorhynchus gorbuscha) in British Columbia’s Broughton 
Archipelago. Owing to the physically disruptive nature of louse attachment to fish skin in 
a hyperosmotic environment, we hypothesize that the impacts on fish performance are 
ionoregulatory in origin. Therefore, ionoregulatory status was measured in juvenile pink 
salmon artificially infected in the laboratory and naturally infected in the wild. Body 

[Na+] of laboratory-infected fish (∼1 week seawater (SW); 0.2–0.4 g) increased 

significantly by 12% with a single chalimus-4 louse, and by 23% with 2–3 chalimus-3 
lice. Mortality over this 24-day trial was 2.4% for fish initially infected with 1–3 lice. 
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Body [Na+] for fish caught with natural infections (∼4–12 weeks SW; 0.5–1.5 g) did not 

differ from uninfected controls. Combining data sets revealed a “no effect” threshold of 
0.5 g for body [Na+] of fish infected with one chalimus-4 louse. We propose that this 
size-related louse tolerance is associated with hypo-osmoregulatory development, adding 
to a previously suggested multifactorial mechanism based on epidermal and immune 
system development. We suggest management bodies consider this fish-mass threshold 
when planning to minimize risk to wild fish populations 
 

Saksida, S. M., Greba, L., Morrison, D., & Revie, C. W. (2011). Sea lice on wild juvenile 
Pacific salmon and farmed Atlantic salmon in the northernmost salmon farming 
region of British Columbia. Aquaculture, 320(3–4), 193–198. 
doi:10.1016/j.aquaculture.2011.07.018 
The Kitasoo/Xai’xais First Nation established a program to monitor sea lice levels on 
seaward migrating wild juvenile salmon in their traditional territory which contains the 
most northerly salmon farming region of British Columbia. A total of 12 locations were 
routinely sampled during the period between 2005 and 2008 to gain a better 
understanding of the levels and patterns of sea lice infestation on wild salmonids in the 
region. Over 5000 juvenile salmon were collected and examined for sea lice. Around 
78% were identified as pink salmon, 18% were chum salmon and the remainder classified 
as “other” salmon (coho and sockeye salmon). Two species of sea lice were observed: 
Lepeophtheirus salmonis and Caligus clemensi. Over 91% of all the juvenile salmon 
examined had no sea lice and there was no significant difference in L. salmonis 
prevalence levels among salmon species. However, chum salmon had significantly lower 
C. clemensi prevalence levels than either pink or “other” salmon. There were significant 
annual and regional differences in L. salmonis prevalence on juvenile pink salmon; the 
lowest prevalence in all sampling zones occurring in 2008, while channels containing 
salmon farms consistently had higher levels than those without salmon farms. Mean 
prevalence of L. salmonis in the channels with salmon farms ranged from 2% to 9% 
which is lower than levels published for the same region in different years or for other 
areas without salmon farms. C. clemensi prevalence on wild pink salmon was associated 
with sampling zone and the size of pink salmon; larger juvenile fish were more likely to 
be infected than smaller fish. During the period of wild juvenile salmon migration, the 
mean abundance of motile stages of L. salmonis on farmed salmon ranged from 0.13 to 
0.79 lice per fish but there were no significant differences among years. In comparison, 
C. clemensi abundance levels on farms were significantly higher in 2005. Factors 
contributing to variations in these observations are discussed. 
 

Saksida, S. M., Marty, G. D., Jones, S. R. M., Manchester, H. A., Diamond, C. L., Bidulka, 
J., & St-Hilaire, S. (2012). Parasites and hepatic lesions among pink salmon, 
Oncorhynchus gorbuscha (Walbaum), during early seawater residence. Journal of 
Fish Diseases, 35(2), 137–151. doi:10.1111/j.1365-2761.2011.01330.x 
Juvenile pink salmon, Oncorhynchus gorbuscha (Walbaum), in the Broughton 
Archipelago region of western Canada were surveyed over 2 years for sea lice 
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(Lepeophtheirus salmonis and Caligus clemensi), gross and microscopic lesions and 
evidence of infections with viruses and bacteria. The 1071 fish examined had an 
approximate ocean residence time no longer than 3 months. A high prevalence of 
degenerative liver lesions, renal myxosporean parasites and a low prevalence of skin 
lesions and sea lice were observed. No indications of viral or bacterial diseases were 
detected in either year. The monthly prevalence of sea lice in 2007 (18–51%) was higher 
than in 2008 (1–26%), and the infestation density exceeded the lethal threshold in only 
two fish. Degenerative hepatic lesions and renal myxosporean parasites occurred in 
approximately 40% of the pink salmon examined in June of both years, and the peak 
monthly prevalence of hepatocellular hydropic degeneration was greater in 2007 (32%, in 
May) than in 2008 (12%, in June). Logistic regression analysis found skin lesions and 
hepatocellular hydropic degeneration significantly associated with sea lice. Most 
parasites and lesions occurred during both years, but the prevalence was often higher in 
2007. Fish weight was 35% less in June 2007 than in June 2008, but condition factor was 
not different. Further research is required to monitor inter-annual variations and aetiology 
of the liver lesions and to assess their potential role on pink salmon survival. 
 

Sandstrom, P. T., Keegan, T., & Singer, G. (2013). Survival and movement patterns of 
central California coast native steelhead trout (Oncorhynchus mykiss) in the Napa 
River. Environmental Biology of Fishes, 96(2-3), 287–302. doi:10.1007/s10641-012-
0092-4 
Drawing on acoustic telemetry this study identifies and describes local and regional scale 
survival and movement patterns of Central California Coast steelhead (Oncorhynchus 
mykiss), including their potential utilization of newly restored tidal marsh habitats in the 
Napa River system. Between April 8th and May 5th of 2010, 20 steelhead smolts ranging 
in fork length from 164 to 305 mm were collected, tagged with acoustic transmitters, and 
released in the upper Napa River (above tidal influence). We found no effect of release 
date (P < 0.001) or size (P < 0.005) on survival estimates based on model likelihoods. 
Cumulative survival from smolt release location to the Golden Gate Bridge over 
approximately 77 river kilometers (RKM) was 0.60 (SE = 0.16). Reach-specific survival 
was lowest in the initial 30 km reach (0.70 SE = 0.1). Survival was higher in San Pablo 
Bay (0.89 SE = 0.1) and San Francisco Bay (0.96 SE = 0.2). Sixty percent of the fish that 
entered the ocean were detected on a line of acoustic monitors at Point Reyes 
approximately 60 km north of the Golden Gate. Average movement rates of smolts were 
highest in San Pablo Bay (36.6 km·d-1 SE = 3.3) and San Francisco Bay (28.9 km·d-1 SE 
= 6.6). Smolts migrated more slowly in the river (9.0 km·d-1 SE = 0.9) and ocean (4.1 
km·d-1 SE = 1.2). However, smolt movement rates in the river were dependent on 
location. Average movement rates of smolts were greatest shortly before their exit from 
the Napa River (83 km·d-1 SE = 13.2). Fish were not detected within the recently 
reconnected former salt production ponds (North, Central, and South units) adjacent to 
the Napa River. Based on the detection patterns of fish throughout the study area, it 
appears that most fish were moving at relatively high rates and were not exploring off-
channel habitat. 
 

Scheuerell, M. D., Zabel, R. W., & Sandford, B. P. (2009). Relating juvenile migration 
timing and survival to adulthood in two species of threatened Pacific salmon 
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(Oncorhynchus spp.). Journal of Applied Ecology, 46(5), 983–990. doi:10.1111/j.1365-
2664.2009.01693.x 
1. Migration timing in animals has important effects on life-history transitions. Human 
activities can alter migration timing of animals, and understanding the effects of such 
disruptions remains an important goal for applied ecology. Anadromous Pacific salmon 
(Oncorhynchus spp.) inhabit fresh water as juveniles before migrating to the ocean where 
they gain >90% of their biomass before returning to fresh water as adults to reproduce. 
Although construction of dams has delayed juvenile migration for many populations, we 
currently lack a synthesis of patterns in migration timing and how they relate to 
subsequent survival to adulthood for Pacific salmon, especially for at-risk populations. 2. 
We studied two groups of Pacific salmon from the Columbia River basin in the 
northwestern United States currently listed under the U.S. Endangered Species Act. We 
examined how the proportion of juveniles surviving to return as adults varied with year of 
migration, date of arrival in the estuary, water temperature and coastal ocean upwelling 
using data from over 40 000 individually tagged Chinook salmon Oncorhynchus 
tshawytscha and steelhead Oncorhynchus mykiss. 3. In general, models with year, day 
and day2 had much better support from the data than those with temperature and 
upwelling. For Chinook salmon, we also found a residual effect of temperature after 
controlling for day, but the effect was small for steelhead. 4. For both species, juveniles 
migrating from early to mid-May survived 4–50 times greater than those migrating in 
mid-June. As expected, however, the estimated peak in survival varied among years, 
presumably reflecting interannual variation in the nearshore physical environment and 
trophic dynamics that affect salmon during the critical juvenile life stage. 5. Synthesis 
and applications. Our results indicate a possible management objective would be to speed 
arrival to the estuary by increasing springtime river flows. These findings also provide 
some insight into the mechanisms underlying seasonal differences in survival patterns, 
but additional studies are needed to better resolve the issue. Future changes to river flow 
and water temperature associated with climate change and human activities may further 
alter migration timing, and thus this phenomenon deserves further attention. 
 

Sebring, S. H., Carper, M. C., Ledgerwood, R. D., Sandford, B. P., Matthews, G. M., & 
Evans, A. F. (2013). Relative vulnerability of PIT-tagged subyearling fall Chinook 
salmon to predation by Caspian terns and double-crested cormorants in the 
Columbia River estuary. Transactions of the American Fisheries Society, 142(5), 
1321–1334. doi:10.1080/00028487.2013.806952 
We quantified the percentage of PIT-tagged subyearling fall Chinook Salmon 
Oncorhynchus tshawytscha that were consumed by Caspian terns Hydroprogne caspia 
and double-crested cormorants Phalacrocorax auritus nesting on East Sand Island in the 
Columbia River estuary by electronically recovering PIT tags that were deposited on the 
bird colonies. We released 23 groups of PIT-tagged subyearling fall Chinook Salmon 
from hatcheries in the lower Columbia River downstream of Bonneville Dam from 2002 
to 2010. Vulnerability to avian predation was compared between PIT-tagged subyearlings 
of two Columbia River basin stocks: tule and upriver bright (URB). Recoveries of PIT 
tags revealed that overall predation rates were significantly different between the tule 
stock (22%) and URB stock (3%); for fish that were detected as entering the lower 
Columbia River during the same week, predation rates also differed between stocks (tule: 
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21%; URB: 2%). Minimum predation rates on tule subyearlings originating from 
hatcheries downstream of Bonneville Dam were among the highest documented for any 
salmonid species in the Columbia River basin to date, occasionally exceeding 35% of the 
available fish. The ratio of URB fish consumed by the two avian predators indicated that 
the percentages were nearly equal (cormorant [%]: tern [%] = 51:49), whereas the ratio 
for tule-stock fish consumed by the two avian species was not uniform (cormorant: tern = 
81:19). Differences in predation rates between the tule stock and the URB stock may be 
attributable to migration behaviors exhibited in the estuary. We estimate that more than 8 
million tule fall Chinook Salmon subyearlings released from hatcheries annually are 
consumed by double-crested cormorants and Caspian terns nesting on East Sand Island; 
ongoing management actions by multiple federal, state, and tribal governments, if 
successful, will decrease predation on fall Chinook Salmon stocks.  
 

Seeb, L. W., Seeb, J. E., Habicht, C., Farley, E. V., & Utter, F. M. (2011). Single-nucleotide 
polymorphic genotypes reveal patterns of early juvenile migration of sockeye 
salmon in the eastern Bering Sea. Transactions of the American Fisheries Society, 
140(3), 734–748. doi:10.1080/00028487.2011.584493 
We estimate patterns of nearshore migration in the eastern Bering Sea for out-migrating 
Bristol Bay sockeye salmon Oncorhynchus nerka in their first year at sea. Over 3,000 
juveniles were collected during the late summer of 2005–2007 as part of the Bering–
Aleutian Salmon International Survey and tested with a regional genetic baseline of 45 
single-nucleotide polymorphisms. Population-specific and westward migrations from 
natal rivers were evident. Populations from Wood River and northwestward 
predominated in the northern latitudes of Bristol Bay and the eastern Bering Sea and 
populations from the Egegik River and southwestward in the southern latitudes, while the 
populations spawning at the head of Bristol Bay had the highest proportions in the middle 
latitudes. These patterns were stable across years, apparently unaffected by marine 
productivity and temperature. This continuum of marine migratory patterns most likely 
reflects stable and population-specific adaptations to buffer the distribution of 
dynamically shifting marine resources. As monitoring continues, these juvenile surveys 
will accumulate information to refine predictions of the magnitude of adult returns to 
their respective rivers of origin and thereby assist in the management of this valuable 
resource. 
 

Sharma, R., & Liermann, M. (2010). Using hierarchical models to estimate effects of ocean 
anomalies on north-west Pacific Chinook salmon Oncorhynchus tshawytscha 
recruitment. Journal of Fish Biology, 77(8), 1948–1963. doi:10.1111/j.1095-
8649.2010.02779.x 
The high variability in survival over the past three decades of north-west Pacific Chinook 
salmon Oncorhynchus tshawytscha is summarized for 24 stocks and analysed using 
hierarchical Bayesian models. Results from a simple model indicate that recruitment 
anomalies appear to be correlated in time and space. A simple model with a covariate 
based on basin-scale effects (Pacific Decadal Oscillation and El Niño Southern 
Oscillation) and local-scale effects (sea surface temperature, SST anomaly) was 
introduced to explain this variability. The model still exhibited residual patterns that were 
removed when a random-walk component was added to the model. The analysis indicates 
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that recruitment is negatively related to SST anomaly for all stocks and the effect of 
basin-scale variables is negligible. The effect of climate over the next century is expected 
to result in estimated recruitment declining by an average of 13% for O. tshawytscha 
stocks coastwide. 
 

Sharma, R., & Quinn, T. P. (2012). Linkages between life history type and migration 
pathways in freshwater and marine environments for Chinook salmon, 
Oncorhynchus tshawytscha. Acta Oecologica, 41, 1–13. 
doi:10.1016/j.actao.2012.03.002 
Chinook salmon, Oncorhynchus tshawytscha, are commonly categorized as ocean-type 
(migrating to the ocean in their first year of life) or stream-type (migrating after a full 
year in freshwater). These two forms have been hypothesized to display different ocean 
migration pathways; the former are hypothesized to migrate primarily on the continental 
shelf whereas the latter are hypothesized to migrate off the shelf to the open ocean. These 
differences in migration patterns have important implications for management, as fishing 
mortality rates are strongly influenced by ocean migration. Ocean-type Chinook salmon 
predominate in coastal rivers in the southern part of the species’ range, whereas stream-
type predominate in the interior and northerly rivers. This latitudinal gradient has 
confounded previous efforts to test the hypothesis regarding ocean migration pathways. 
To address this problem, we used a pair-wise design based on coded wire tagging data to 
compare the marine distributions of stream- and ocean-type Chinook salmon from a suite 
of rivers producing both forms. Both forms of Chinook salmon from the lower Columbia 
River, Oregon coast, lower Fraser River, and northern British Columbia rivers followed 
similar migration paths, contradicting the hypothesis. In contrast, recoveries of tagged 
Chinook salmon from the upper Columbia River, Snake River, and the upper Fraser 
River revealed migration patterns consistent with the hypothesis. These findings have 
important implications for our understanding of these life history types, and also for the 
conservation and management of declining, threatened, or endangered stream-type 
Chinook salmon populations in the US and Canada. 
 

Sharma, R., Vélez-Espino, L. A., Wertheimer, A. C., Mantua, N., & Francis, R. C. (2013). 
Relating spatial and temporal scales of climate and ocean variability to survival of 
Pacific Northwest Chinook salmon (Oncorhynchus tshawytscha). Fisheries 
Oceanography, 22(1), 14–31. doi:10.1111/fog.12001 
Pacific Northwest Chinook, Oncorhynchus tshawytscha, have exhibited a high degree of 
variability in smolt-to-adult survival over the past three decades. This variability is 
summarized for 22 Pacific Northwest stocks and analyzed using generalized linear 
modeling techniques. Results indicate that survival can be grouped into eight distinct 
regional clusters: (1) Alaska, Northern BC and North Georgia Strait; (2) Georgia Strait; 
(3) Lower Fraser River and West Coast Vancouver Island; (4) Puget Sound and Hood 
Canal; (5) Lower Columbia Tules; (6) Columbia Upriver Brights, Willamette and 
Cowlitz; (7) Oregon and Washington Coastal; and (8) Klamath River and Columbia 
River Summers. Further analysis for stocks within each of the eight regions indicates that 
local ocean conditions following the outmigration of smolts from freshwater to marine 
areas had a significant effect on survival for the majority of the stock groups analyzed. 
Our analyses of the data indicate that Pacific Northwest Chinook survival covaries on a 
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spatial scale of 350–450 km. Lagged time series models are presented that link large-
scale tropical Pacific conditions, intermediate-basin scale northeastern Pacific conditions, 
and local sea surface temperatures to survival of Pacific Northwest stocks. 
 

Simmons, R. K., Quinn, T. P., Seeb, L. W., Schindler, D. E., & Hilborn, R. (2013). Role of 
estuarine rearing for sockeye salmon in Alaska (USA). Marine Ecology Progress 
Series, 481, 211–223. doi:10.3354/meps10190 
A suite of adaptive traits allows Pacific salmon to exploit diverse habitats during their 
lives, facilitating their persistence in highly variable and heterogeneous environments. 
We investigated how juvenile sockeye salmon Oncorhynchus nerka, which typically rear 
in lakes before migrating rapidly to sea, make use of riverine and estuarine habitats in the 
Chignik Lake system (Alaska, USA) where lacustrine rearing capacity limits sockeye 
salmon productivity. Their distribution, growth, and genetic stock composition were 
examined during June to August, 2007 to 2009. Sockeye salmon inhabited the estuary for 
up to 3 mo each summer, representing 2 distinct age classes: Age-0 fry and parr, and Age 
1+ smolts. The fry and parr grew rapidly in the estuary, attaining sizes comparable to the 
lake-reared smolts. Smolts also grew in the estuary in all years, although they occupied 
the estuary for a briefer period in years when they entered at a larger size. Using genetic 
mixture analyses, fry and parr in the estuary were assigned to a population that spawns in 
Chignik River immediately upstream of the estuary, whereas the smolts were assigned to 
2 genetically distinct population groups associated with separate nursery lakes farther up 
in the basin. Our findings highlight the role of estuaries for juvenile sockeye salmon in 
systems with limited freshwater rearing capacity and high salmon density. The 
persistence of such populations depends in part on preserving a continuum of habitat 
types, especially in the southern range of the species where a shifting climate and human 
activities are expected to most greatly impact populations. 
 

Spilseth, S. A., & Simenstad, C. A. (2011). Seasonal, diel, and landscape effects on resource 
partitioning between juvenile Chinook salmon (Oncorhynchus tshawytscha) and 
threespine stickleback (Gasterosteus aculeatus) in the Columbia River estuary. 
Estuaries and Coasts, 34(1), 159–171. doi:10.1007/s12237-010-9349-3 
The objective of this study was to determine if exploitative competition between between 
juvenile Chinook salmon (Oncorhynchus tshawytscha) and threespine stickleback 
(Gasterosteus aculeatus) reduces the foraging opportunity of juvenile Chinook salmon in 
tidal channels of the Columbia River estuary. We sampled Chinook salmon and 
stickleback diets monthly and over a diel cycle in spatially distinct emergent marshes of 
the Columbia River estuary. Diets of the two fish species did not differ among marsh 
systems, but both fish species exhibited diel and seasonal differences in diet composition. 
Diet overlap between the two fish species was greatest in March and June. Exploitative 
competition was unlikely based on a comparison between consumption rates and 
estimated invertebrate production. 
 

Sturdevant, M. V., Fergusson, E., Hillgruber, N., Reese, C., Orsi, J., Focht, R., Wertheimer, 
A. Smoker, B. (2012). Lack of trophic competition among wild and hatchery 
juvenile chum salmon during early marine residence in Taku Inlet, Southeast 
Alaska. Environmental Biology of Fishes, 94(1), 101–116. doi:10.1007/s10641-011-
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9899-7 
Early marine trophic interactions of wild and hatchery chum salmon (Oncorhynchus keta) 
were examined as a potential cause for the decline in harvests of adult wild chum salmon 
in Taku Inlet, Southeast Alaska. In 2004 and 2005, outmigrating juvenile chum salmon 
were sampled in nearshore habitats of the inlet (spring) and in epipelagic habitat at Icy 
Strait (summer) as they approached the Gulf of Alaska. Fish were frozen for energy 
density determination or preserved for diet analyses, and hatchery stocks were identified 
from the presence of thermal marks on otoliths. We compared feeding intensity, diets, 
energy density, and size relationships of wild and hatchery stocks (n = 3123) across 
locations and weeks. Only hatchery fish feeding intensity was negatively correlated with 
fish abundance. In both years, hatchery chum salmon were initially larger and had greater 
energy density than wild fish, but lost condition in early weeks after release as they 
adapted to feeding on wild prey assemblages. Diets differed between the stocks at all 
inlet locations, but did not differ for hatchery salmon between littoral and neritic habitats 
in the outer inlet, where the stocks overlapped most. Both diets and energy density 
converged by late June. Therefore, if density-dependent interactions affect wild chum 
salmon, these effects must be very rapid because survivors in Icy Strait showed few 
differences. Our study also demonstrates that hatchery release strategies used near Taku 
Inlet successfully promote early spatial segregation and prey partitioning, which reduce 
the probability of competition between wild and hatchery chum salmon stocks. 
 

Sturdevant, M. V., Orsi, J. A., & Fergusson, E. A. (2012). Diets and trophic linkages of 
epipelagic fish predators in coastal Southeast Alaska during a period of warm and 
cold climate years, 1997–2011. Marine and Coastal Fisheries, 4(1), 526–545. 
doi:10.1080/19425120.2012.694838 
This study identifies important trophic links for epipelagic marine fish predators in 
Southeast Alaska to improve understanding of marine ecosystem dynamics in response to 
climate change. Fish predators can be viewed as autonomous samplers whose diets 
should integrate the available prey taxa commensurate with environmental conditions. 
We examined fish predators from annual (1997–2011) surveys conducted in May to 
September by the Southeast Coastal Monitoring (SECM) project of Auke Bay 
Laboratories in the marine waters of Southeast Alaska. This project has emphasized long-
term monitoring of strait and coastal marine habitats used by juvenile Pacific salmon 
Oncorhynchus spp. and associated epipelagic fishes to understand how environmental 
variation affects the sustainability of salmon resources. From 1,295 surface trawl hauls, 
trophic links were identified for 2,473 fish representing 19 predator species, principally 
adult and immature salmon, immature walleye pollock Theragra chalcogramma, and 
spiny dogfish Squalus acanthias. The most common fish prey consumed were fish larvae, 
juvenile salmon, Pacific herring Clupea pallasii, capelin Mallotus villosus, walleye 
pollock, lanternfishes (Myctophidae), and Pacific sand lance Ammodytes hexapterus, 
whereas the most common invertebrate prey consumed were euphausiids, decapod larvae, 
pteropods, and amphipods. This study describes the degree of piscivory, incidence of 
juvenile salmon prey, and frequency and weight composition of prey in the diets of 
epipelagic fish predators, but it did not clearly detect an effect of warm-versus-cold 
climate years on the diets of key planktivorous or piscivorous predators over the 15-year 
time series. Identifying the persistence of trophic links in epipelagic waters over time is 
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important because climate-related changes in the upper water column have the potential 
to impact Southeast Alaska marine ecosystem dynamics and the productivity of important 
regional fisheries by altering key prey resources and trophic interactions.  
 

Sutherland, B. J. G., Jantzen, S. G., Sanderson, D. S., Koop, B. F., & Jones, S. R. M. (2011). 
Differentiating size-dependent responses of juvenile pink salmon (Oncorhynchus 
gorbuscha) to sea lice (Lepeophtheirus salmonis) infections. Comparative 
Biochemistry and Physiology Part D: Genomics and Proteomics, 6(2), 213–223. 
doi:10.1016/j.cbd.2011.04.001 
Salmon infected with an ectoparasitic marine copepod, the salmon louse Lepeophtheirus 
salmonis, incur a wide variety of consequences depending upon host sensitivity. Juvenile 
pink salmon (Oncorhynchus gorbuscha) migrate from natal freshwater systems to the 
ocean at a young age relative to other Pacific salmon, and require rapid development of 
appropriate defenses against marine pathogens. We analyzed the early transcriptomic 
responses of naïve juvenile pink salmon of sizes 0.3 g (no scales), 0.7 g (mid-scale 
development) and 2.4 g (scales fully developed) six days after a low-level laboratory 
exposure to L. salmonis copepodids. All infected size groups exhibited unique 
transcriptional profiles. Inflammation and inhibition of cell proliferation was identified in 
the smallest size class (0.3 g), while increased glucose absorption and retention was 
identified in the middle size class (0.7 g). Tissue-remodeling genes were also up-
regulated in both the 0.3 g and 0.7 g size groups. Profiles of the 2.4 g size class indicated 
cell-mediated immunity and possibly parasite-induced growth augmentation. 
Understanding a size-based threshold of resistance to L. salmonis is important for 
fisheries management. This work characterizes molecular responses reflecting the gradual 
development of innate immunity to L. salmonis between the susceptible (0.3 g) and 
refractory (2.4 g) pink salmon size classes. 
 

Sweeting, R. M., & Beamish, R. J. (2009). A comparison of the diets of hatchery and wild 
coho salmon (Oncorhynchus kisutch) in the Strait of Georgia from 1997–2007. North 
Pacific Anadromous Fish Commission Bulletin, 5, 255–264. 
Wild and hatchery-reared coho salmon (Oncorhynchus kisutch) have now co-existed in 
the Strait of Georgia for over 30 years, and have exhibited considerable variation in 
marine survival rates. This study is the first to compare diets of juvenile hatchery and 
wild coho salmon during the critical early marine period of this species. From 1997–
2007, over 10,000 stomachs from juvenile coho salmon captured in the Strait of Georgia 
were examined. Diets in July were dominated by decapods (primarily crab megalops) and 
fish (primarily herring). In September, euphausiids and amphipods (primarily hyperiids) 
dominated. The variability between hatchery and wild coho salmon diet was larger in 
September than in July. Prey volume, stomach fullness and fork length were significantly 
correlated between hatchery and wild coho salmon in the July and September surveys. 
While coho salmon captured in September surveys had significantly higher percentages 
of empty stomachs than those from July, there were no significant differences in the 
percentage of empty stomachs between hatchery and wild coho salmon in either survey. 
Shifts in diet composition occurred both annually and seasonally, but the trends for both 
groups of coho salmon were the same. Thus, we conclude there were no significant 
differences observed between hatchery and wild coho salmon in either appetite (volume 
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of prey in the stomach) or in diet (composition of stomach contents) in either July or 
September surveys from 1997–2007 in the Strait of Georgia, British Columbia, Canada. 
 

Sydeman, W. J., Santora, J. A., Thompson, S. A., Marinovic, B., & Lorenzo, E. D. (2013).  
Increasing variance in North Pacific climate relates to unprecedented ecosystem 
variability off California. Global Change Biology, 19(6), 1662–1675. 
doi:10.1111/gcb.12165  
Changes in variance are infrequently examined in climate change ecology. We tested the 
hypothesis that recent high variability in demographic attributes of salmon and seabirds 
off California is related to increasing variability in remote, large-scale forcing in the 
North Pacific operating through changes in local food webs. Linear, indirect numerical 
responses between krill (primarily Thysanoessa spinifera) and juvenile rockfish 
abundance (catch per unit effort (CPUE)) explained >80% of the recent variability in the 
demography of these pelagic predators. We found no relationships between krill and 
regional upwelling, though a strong connection to the North Pacific Gyre Oscillation 
(NPGO) index was established. Variance in NPGO and related central Pacific warming 
index increased after 1985, whereas variance in the canonical ENSO and Pacific Decadal 
Oscillation did not change. Anthropogenic global warming or natural climate variability 
may explain recent intensification of the NPGO and its increasing ecological 
significance. Assessing non-stationarity in atmospheric-environmental interactions and 
placing greater emphasis on documenting changes in variance of bio-physical systems 
will enable insight into complex climate-marine ecosystem dynamics. 

 
Sydeman, W. J., Thompson, S. A., Field, J. C., Peterson, W. T., Tanasichuk, R. W., 

Freeland, H. J., Bograd, S. J. & Rykaczewski, R. R. (2011). Does positioning of the 
North Pacific Current affect downstream ecosystem productivity? Geophysical 
Research Letters, 38(12). L12606. doi:10.1029/2011GL047212 
Fluctuations in the positioning of major ocean currents can influence ecosystem 
dynamics, but previously the technology has been lacking to make direct observational 
assessments. Here, we test the hypothesis that positioning of the North Pacific Current 
(NPC) is related to biological attributes of the central-northern California Current 
Ecosystem (CCE). To test this hypothesis we use newly available data from the Argo 
array and compare it with a suite of well-known ecosystem indicators over 6 years, 2002 
through 2007. We found increased biomass and productivity when the NPC was shifted 
poleward, and suggest that positioning influences advective transport of nutrients and 
perhaps key planktonic organisms from the sub-arctic domain thereby enhancing mid to 
upper trophic level species. This study is significant because climate change is predicted 
to cause poleward shifts in the westerlies that drive ocean currents and positioning of 
large marine gyre systems. Rather than reducing ecosystem productivity, poleward shifts 
in positioning of the NPC may be beneficial for many species of the central-northern 
CCE. 
 

Tanasichuk, R. W., & Routledge, R. (2011). An investigation of the biological basis of 
return variability for sockeye salmon (Oncorhynchus nerka) from Great Central and 
Sproat lakes, Vancouver Island. Fisheries Oceanography, 20(6), 462–478. 
doi:10.1111/j.1365-2419.2011.00596.x 
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We tested whether variations in stock characteristics (spawner and smolt abundance) and 
biotic conditions (prey variability, predation, competition) during the early marine period 
explained variations in the return of sockeye salmon (Oncorhynchus nerka) to Great 
Central and Sproat lakes, adjacent lakes on the west coast of Vancouver Island. There are 
two freshwater age groups in each lake; fish spend 1 or 2 yrs in freshwater after hatching. 
We tested the influences of stock and biotic factors on the return of each of the two age 
groups from each of the two lakes. Results of regression analyses showed that prey 
biomass variability best explained the variation in return for all lake-age groups. 
Euphausiid (Thysanoessa spinifera) and cladoceran (Evadne) prey biomass variability 
explained between 0.75 and 0.95 (adjusted R2) of the variation in return. There appear to 
be instances of a mismatch between the seasonality of prey productivity and the apparent 
critical period of feeding for juvenile sockeye. 
 

Tang, S., Lewis, A. G., Sackville, M., Nendick, L., DiBacco, C., Brauner, C. J., & Farrell, A. 
P. (2011). Diel vertical distribution of early marine phase juvenile pink salmon 
(Oncorhynchus gorbuscha) and behaviour when exposed to salmon louse 
(Lepeophtheirus salmonis). Canadian Journal of Zoology, 89(9), 796–807. 
doi:10.1139/z11-049 
We observed diel vertical migration patterns in juvenile pink salmon (Oncorhynchus 
gorbuscha (Walbaum, 1792)) and tested the hypothesis that fish behaviour is altered by 
exposure to sea lice copepodids. Experiments involved replicated field deployments of a 
large (9 m) plankton column, which provided a vertical distribution enclosure under 
natural light and salinity conditions. Diel vertical distributions of juvenile pink salmon 
were observed during the first 3 weeks of seawater acclimation in both the presence and 
the absence of the ectoparasitic salmon louse (Lepeophtheirus salmonis (Krøyer, 1838)). 
Immediately upon entering seawater, juvenile pink salmon preferred the top 1 m of the 
water column, but they moved significantly deeper down the vertical water column as 
seawater acclimation time increased. A significant diel migration pattern was observed, 
which involved a preference for the surface at night-time, compared with daytime. When 
fish in the column were exposed to L. salmonis copepodids for 3 h, 43%–62% of fish 
became infected, fish expanded theirvertical distribution range, and significant changes in 
vertical distribution patterns were observed. 
 

Thayer, J. A., Field, J. C., & Sydeman, W. J. (2014). Changes in California Chinook 
salmon  

diet over the past 50 years: relevance to the recent population crash. Marine Ecology 
Progress Series, 498, 249–261. doi:10.3354/meps10608  
Salmon are affected by variation in ocean productivity; thus, improved understanding of 
mechanisms behind variability in ocean survival should help management of these 
ecologically and economically important populations. Based on a cooperative fisheries 
research program, we compared central California Chinook salmon Oncorhynchus 
tshawytscha adult food habits from spring and summer in the mid-2000s with historical 
records from 1955 and the 1980s. Diet diversity decreased through time, and was 
particularly low in May and June of the 2000s. Previously important prey, including 
juvenile rockfish Sebastes spp., krill Euphausiidae, Pacific herring Clupea pallesi and 
market squid Doryteuthis opalsecens, declined or disappeared from the diet, while Pacific 
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sardine Sardinops sagax became very important prey in the 2000s; anchovy Engraulis 
mordax remained important throughout the study. Diet composition was correlated with 
regional mid-water trawls of prey abundance and also with local sea surface temperature 
(SST). Diet composition was related to the Sacramento Index of fall-run Chinook ocean 
abundance with a lag of 1 or 2 yr, and reflected the importance of prey availability during 
the second ocean year and smolt ocean-entry period, respectively. Spring is peak ocean 
entry for fall-run Chinook smolts, so declining prey diversity (specifically in May and 
June in the mid-2000s) may be related to recent population crashes. Seasonally, winter 
and fall diet data further demonstrated the significance of temporal variation in specific 
prey. This study highlights the importance of marine predator–prey interactions at an 
appropriate temporal resolution for understanding salmonid population dynamics. 

 
Thompson, S. A., Sydeman, W. J., Santora, J. A., Black, B. A., Suryan, R. M., 
Calambokidis,  

J., Peterson, W. T. & Bograd, S. J. (2012). Linking predators to seasonality of 
upwelling: Using food web indicators and path analysis to infer trophic connections. 
Progress in Oceanography, 101(1), 106–120. doi:10.1016/j.pocean.2012.02.001  
Upwelling in eastern boundary current systems is a primary driver of ecosystem 
productivity. Typically, peak upwelling occurs during spring and summer, but winter 
upwelling may also be important to ecosystem functions. In this study, we investigated 
the hypothesis that winter and spring/summer upwelling, operating through indirect 
trophic interactions, are important to a suite of top predators in the California Current. To 
test this hypothesis, we collated information on upwelling, chlorophyll-a concentrations, 
zooplankton and forage fish, and related these to predator responses including rockfish 
growth, salmon abundance, seabird productivity and phenology (timing of egg-laying), 
and whale abundance. Seabird diets served in part as food web indicators. We modeled 
pathways of response using path analysis and tested for significance of the dominant 
paths with multiple regression. We found support for the hypothesis that relationships 
between upwelling and top predator variables were mediated primarily by intermediate 
trophic levels. Both winter and summer upwelling were important in path models, as 
were intermediate lower and mid trophic level functional groups represented by 
chlorophyll-a, zooplankton, and forage fish. Significant pathways of response explained 
from 50% to 80% of the variation of seabird (Cassin’s auklet (Ptychoramphus aleuticus) 
and common murre (Uria aalge)), humpback whale (Megaptera novaeangliae) and 
Chinook salmon (Oncorhynchus tshawytscha) dependent variables, whereas splitnose 
rockfish (Sebastes diploproa) showed no significant response pathways. Upwelling and 
trophic responses for salmon were established for both the year of ocean entry and the 
year of return, with zooplankton important in the year of ocean entry and forage fish 
important in the year of return. This study provides one of the first comparative 
investigations between upwelling and predators, from fish to marine mammals and birds 
within a geographically restricted area, demonstrates often difficult to establish “bottom-
up” trophic interactions, and establishes the importance of seasonality of upwelling to 
various trophic connections and predator demographic traits. Understanding change in 
the seasonality of upwelling is therefore required to assess dynamics of commercially and 
recreationally important upper trophic level species in eastern boundary current 
ecosystems. 
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Thomson, R. E., Beamish, R. J., Beacham, T. D., Trudel, M., Whitfield, P. H., & Hourston, 

R. A. S. (2012). Anomalous ocean conditions may explain the recent extreme 
variability in Fraser River sockeye salmon production. Marine and Coastal 
Fisheries, 4(1), 415–437. doi:10.1080/19425120.2012.675985 
Record low returns of sockeye salmon Oncorhynchus nerka to the Fraser River in 2009 
were followed by record high returns to the river in 2010, providing an unprecedented 
opportunity to examine links between oceanic factors and the survival of Pacific salmon 
stocks. The low returns in 2009 indicated poor early marine survival of juvenile sockeye 
salmon in 2007. The poor survival was likely due to low food levels arising from 
unfavorable wind and runoff conditions in the Strait of Georgia and the Queen Charlotte 
Sound–Hecate Strait region in the spring of 2007. Conversely, the high returns in 2010 
were associated with a large smolt output from the Fraser River and good early marine 
survival in 2008. This enhanced survival was likely associated with adequate food levels 
arising from favorable oceanic conditions in the Strait of Georgia and the Queen 
Charlotte Sound–Hecate Strait region in the spring of 2008. We speculate that ocean 
factors during the subsequent marine years also affected brood year strength. 
Specifically, the back-to-back La Niña winters of 2007–2008 and 2008–2009 would have 
negatively influenced the survivability of the 2007 entry stocks, while the El Niño winter 
of 2009–2010 would have positively affected the survivability of the 2008 entry stocks. 
We conclude that poor early marine survival leads to low production. However, if large 
numbers of healthy fish survive the early marine entry, and if conditions during at least 
one of the two ocean winters in the Gulf of Alaska are favorable to stock survivability, 
then returns to the river can be high.  
 

Toft, J. D., Cordell, J. R., Simenstad, C. A., & Stamatiou, L. A. (2007). Fish distribution, 
abundance, and behavior along city shoreline types in Puget Sound. North American 
Journal of Fisheries Management, 27(2), 465–480. doi:10.1577/M05-158.1 
Shoreline modifications, such as bulkheads, riprap, and overwater structures, have altered 
many of the natural habitats in nearshore urbanized areas surrounding coastal cities, 
including those in Puget Sound, Washington. The effects of such structures on ecological 
processes are poorly known, especially those impacting juvenile salmonids 
Oncorhynchus spp. The goal of our study was to compare the relative abundance and 
behavior of juvenile salmonids and other fishes along various modified and undeveloped 
shoreline types. We used enclosure nets and snorkel surveys to sample fishes during high 
tides in areas adjacent to shore at five main habitat types: cobble beach, sand beach, 
riprap extending into the upper intertidal zone, deep riprap extending into the subtidal 
zone, and the edge of overwater structures. Bottom-dwelling fishes exhibited the only 
significant differences in density among cobble beach, sand beach, and riprap that 
extended into the upper intertidal zone. This suggests that substrate type and slope are 
important influences on fish densities when shoreline modifications only extend into the 
upper intertidal zone. Differences in pelagic fish density and behavior were more evident 
when shoreline modifications extended into shallow subtidal waters, truncating the 
shallow-water zone and creating deep water at the shoreline. We typically found higher 
fish densities, larger schools of salmon, and fewer terrestrial riparian insects in salmon 
diets at these sites. Juvenile salmonids avoided swimming beneath overwater structures, 
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whereas surfperch (family Embiotocidae), crabs (infraorder Brachyura), and sculpins 
(family Cottidae) were observed beneath or adjacent to pilings. Overall, our results 
indicate that shoreline modifications have the greatest effect on nearshore fish 
assemblages when the alterations extend from the supratidal zone into the subtidal zone. 
Our data suggest that the differences in fish behavior and usage between modified and 
unmodified shorelines were caused by physical and biological effects of the 
modifications, such as changes in water depth, slope, substrate, and shoreline vegetation. 
 

Tomaro, L. M., Teel, D. J., Peterson, W. T., & Miller, J. A. (2012). When is bigger better? 
Early marine residence of middle and upper Columbia River spring Chinook 
salmon. Marine Ecology Progress Series, 452, 237–252. doi:10.3354/meps09620 
Early ocean residence is considered a critical period for juvenile salmon although specific 
survival mechanisms are often unidentified and may vary by species or life stage. 
Columbia River spring-run Chinook salmon Oncorhynchus tshawytscha abundance has 
declined dramatically since the early 1900s. To elucidate mechanisms of early marine 
survival, we tested the “bigger-is-better” and “stage-duration” aspects of the “growth-
mortality” hypothesis, which posits that size and growth rate are important for future 
abundance. We tested the “match-mismatch” hypothesis to determine whether early 
marine growth was related to indices related to regional productivity, including spring 
transition timing and copepod community composition. We generated estimates of 
individual size at ocean entry and capture, marine growth rate, early marine migration 
rate, and emigration timing using data from ocean surveys, genetic stock-assignment, and 
otolith analyses of juveniles collected across 8 yr between 1998 and 2008. Size at capture 
and marine growth rate after ~30 d marine residence were positively related to future 
adult returns, whereas size at marine entry was not. Growth rate was not significantly 
related to indices of secondary production, but size at capture was significantly greater 
when lipid-rich copepods dominated. Although future adult abundance was not related to 
emigration timing, juveniles migrated more slowly when copepod biomass was high, 
perhaps responding to foraging conditions. Overall, processes during early ocean 
residence appear to be more important for cohort size establishment than those at marine 
entry. Approaches that combine genetic and otolith analyses have great potential to 
provide information on stock-specific variation in survival mechanisms. 
 

Trudel, M., Fisher, J., Orsi, J. A., Morris, J. F. T., Thiess, M. E., Sweeting, R. M., Hinton, 
S., Fegusson, E. A. & Welch, D. W. (2009). Distribution and migration of juvenile 
Chinook salmon derived from coded wire tag recoveries along the continental shelf 
of western North America. Transactions of the American Fisheries Society, 138(6), 
1369–1391. doi:10.1577/T08-181.1 
The effects of ocean conditions on highly migratory species such as salmon are difficult 
to assess owing to the diversity of environments they encounter during their marine life. 
In this study, we reconstructed the initial ocean migration routes of juvenile Chinook 
salmon Oncorhynchus tshawytscha originating from Oregon to Southeast Alaska using 
coded wire tag recovery data from Canadian Department of Fisheries and Oceans and 
National Marine Fisheries Service research surveys conducted between 1995 and 2006. 
Over this 12-year period, 1,862 coded-wire-tagged juvenile Chinook salmon were 
recovered along the coasts of Oregon, Washington, British Columbia, and Alaska from 
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March to November. Except for those from the Columbia River, most juvenile Chinook 
salmon remained within 100–200 km of their natal rivers until their second year at sea, 
irrespective of their freshwater history and adult run timing. Northward migration of most 
coastal stocks was initiated during their second or possibly third year at sea, whereas the 
Strait of Georgia and Puget Sound stocks primarily migrated onto the continental shelf 
after their first year at sea. In contrast, Columbia River Chinook salmon generally 
undertook a rapid northward migration that varied among life histories and stocks. 
Columbia River spring Chinook salmon were recovered as far north as Prince William 
Sound, Alaska, during their first summer at sea, whereas very few Columbia River fall 
Chinook salmon were recovered north of Vancouver Island. In addition to northern 
migrants, a fraction of the Columbia River spring and fall Chinook salmon actively 
migrated south of the Columbia River. The stock-specific initial ocean migration routes 
described in this study will aid in the identification of the appropriate spatial and 
temporal scales for assessing the processes regulating Chinook salmon recruitment in the 
marine environment. 
 

Trudel, M., Jones, S. R., Thiess, M. E., Morris, J. F., Welch, D. W., Sweeting, R. M., Moss, 
J. H., Wing, B. L., Farley Jr., E. V., Murphy, J. M., Baldwin, R. E., & Jacobson, K. 
C. (2007). Infestations of motile salmon lice on Pacific salmon along the west coast of 
North America. American Fisheries Society Symposium, 57, 157-182.  
We report patterns of infestation with motile salmon lice, Lepeophtheirus salmonis, on 
Pacific salmon collected with a surface trawl in coastal waters of Oregon, Washington, 
British Columbia, and Alaska during 2002 and 2003. Salmon lice were observed on all 
salmon species examined and in all areas surveyed. The prevalence and abundance of lice 
infestation varied significantly among species, size-classes, seasons, regions, and years, 
with larger salmon being consistently more heavily infested than small salmon. The 
number of lice infesting the small size-class (100–400 mm) of salmon rarely exceeded 5 
lice per fish with a mean abundance generally below 0.2 lice per fish. Lice prevalence 
and, to a lesser extent, lice abundance increased over time in small fish, with lower values 
during spring and higher values in the following winter, and continued to increase in 
larger and older fish. There were no apparent effects of water temperature on lice 
infestation in Pacific salmon. This study suggested that salmon infested with lice 
remained in coastal waters throughout the year. We suggest that lice on salmon that 
overwinter in coastal waters will contribute to a pool of infective copepodids in these 
habitats. 
 

Trudel, M., Middleton, K., Tucker, S., Thiess, M. E., Morris, J. F. T., Candy, J. R.,  
Mazumder, A., & Beacham, T. D. (2012). Estimating winter mortality in juvenile 
Marble River Chinook salmon. North Pacific Anadromous Fish Commission 
Document, 1426, 24 pp.  
Winter is generally considered a critical period for juvenile salmon due to low 
temperatures and food availability. However, mortality rates have not been quantified for 
juvenile salmon during the winter months. Here, we use changes in the catch-per-unit 
effort (CPUE) for five brood years (2004-2008) of juvenile Marble River Chinook 
salmon between fall and winter to estimate stock-specific overwinter mortality rates in 
juvenile salmon. This stock is ideal for estimating overwinter mortality, as the catch 
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distribution suggest that they remain in Quatsino Sound, British Columbia, for a year 
before migrating to the open ocean. CPUE of juvenile Marble River Chinook salmon in 
the Quatsino Sound system were 7- to 169-fold lower in the winter relative to the fall. 
CPUE varied significantly among brood years and seasons, but the interaction term 
between brood years and seasons was not significant. Overall, 80% of these fish died 
over winter, and mortality rates averaged 0.014-0.017 d -1. The variance in fish size did 
not decrease during winter. Taken together, these results indicates that overwinter 
mortality can be substantial and variable in juvenile salmon, but that it is size-
independent, at least, for this population. 

 
Trudel, M., Moss, J. H., Tucker, S., Candy, J. R., & Beacham, T. D. (2011). Stock-specific  

distribution of juvenile sockeye salmon in the Eastern Gulf of Alaska. North Pacific 
Anadromous Fish Commission Document, 1353, 11 pp.  
Describing stock-specific migration behaviour is an important first step that is required to 
understand the effects of climate change and ocean conditions on the marine survival of 
Pacific salmon (Oncorhynchus spp.). In this study, we examined stock-specific 
distribution of juvenile sockeye salmon (O. nerka) in the Eastern Gulf of Alaska. 
Approximately 45% of the juvenile sockeye salmon analyzed in this study were caught 
beyond the 1,000 m isobath. DNA analyses revealed that the spatial distribution of 
juvenile sockeye salmon differed among stocks. A significant positive relationship 
between station depth and sockeye salmon size was observed only for Fraser River 
sockeye salmon. However, this relationship was weak, indicating that offshore movement 
of juvenile sockeye salmon was not strongly influenced by body size. These results 
suggest that juvenile sockeye may be leaving the continental shelf earlier than previously 
believed and further east than the Aleutian Islands. 

 
Trudel, M., Thiess, M. E., Bucher, C., Farley, E. V., MacFarlane, R. B., Casillas, E., Fisher, 

J., Morris, J. F. T., Murphy, J. M., & Welch, D. W. (2007). Regional variation in the 
marine growth and energy accumulation of juvenile Chinook salmon and coho 
salmon along the west coast of North America. American Fisheries Society 
Symposium, 57, 205-232.  
Size-selective mortality combined with longer winters at high-latitudes is expected to 
exert strong directional selection on size, growth, and energy use and storage capacity in 
northern fish populations. Here, we tested the hypotheses that juvenile Pacific salmon 
grow faster, reach larger size, and accumulate higher energy reserves in the marine 
environment at northern latitudes using juvenile Chinook salmon Oncorhynchus 
tshawytscha and coho salmon O. kisutch collected on the continental shelf from the 
California coast to the Bering Sea. Size reached at the end of the growing season, the 
quantity of energy stored prior to the onset of winter, and summer growth of juvenile 
Chinook and coho salmon during their first year at sea varied significantly among regions 
of the continental shelf. Latitudinal trends were detected for the fall size of subyearling 
and yearling Chinook salmon and storage energy in yearling Chinook salmon. However, 
they were opposite to expectations, with values decreasing from southern to northern 
areas. Latitudinal trends were also apparent for summer growth in juvenile yearling 
Chinook salmon. However, in contrast to fall size and storage energy, higher growth rates 
were generally observed in northern rather than in southern regions. Similarly, summer 
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growth generally decreased from northern to southern regions in juvenile coho salmon. 
Storage energy did not exhibit a consistent trend with latitude in juvenile subyearling 
Chinook salmon and coho salmon. The different response of juvenile Chinook salmon 
and coho salmon to a latitudinal cline in temperature and the length of the growing 
season suggest that both species utilize the marine environment differently. We suggest 
that regional variations in juvenile salmon growth and energy accumulation may result 
from differences in prey quality (i.e., lipids), diet, and interspecific competition for prey 
resources. 
 

Trudel, M., & Tucker, S. (2013). Depth distribution of 1SW Chinook salmon in Quatsino  
Sound, Brittish Columbia, during winter. North Pacific Anadromous Fish 
Commission Document, 1453, 8 pp.  
We conducted a trawl survey in Quatsino Sound, British Columbia, to determine the 
vertical distribution of Chinook salmon during their first winter at sea (1SW) and to test 
the hypothesis that 1SW Chinook salmon migrate to deeper waters as they get larger. 
Fifteen-minute tows were performed at 0m, 15m, 30m, and 45 m at seven locations 
within Quatsino Sound and associated Inlets. We also performed a 15-minute tow at 60 m 
in four of these locations. Catches peaked at 30-45 m at three locations and were low but 
stable at all other sites, indicating that the vertical distribution of 1SW Chinook salmon 
varied among sites within Quatsino Sound. Overall, the size of 1SW Chinook salmon 
increased with depth, though a bimodal size-frequency distribution was observed at 60 m. 
Further research will thus be required to understand the processes affecting the 
distribution of Chinook salmon in the marine environment 

 
Tucker, S., Thiess, M. E., Morris, J. F. T., Mazumder, A., & Trudel, M. (2012). Concordant  

distribution, abundance, growth of juvenile pink, chum and sockeye salmon in 
Eastern Pacific coastal waters. North Pacific Anadromous Fish Commission 
Document, 1404, 13 pp.  
Competition is thought to be an important fact or affecting growth of Pacific salmon 
(Oncorhynchus spp.) in marine waters. Pink salmon (O. gorbuscha) are the most 
abundant species of the five Pacific salmon. As such, we hypothesized that high 
abundances of juvenile pink salmon might result in decreased abundances and/or growth 
of other planktivorous juvenile salmon species during the first growing season (summer-
fall) at sea through direct competition for food. We evaluated spatial and temporal 
changes in growth rates and the seasonal catches between 1998 and 2011 of juvenile 
salmon and pelagic fishes, and the effects of oceanographic variables. Results suggest 
that, at least during the first marine growing season, interspecific competition is not 
manifested among salmon going to sea in the same year in northeastern Pacific stocks. 
Abundance of all salmon species were positively correlated and more likely driven by 
oceanographic features and processes at the base of the food chain. 

 
Tucker, S., Trudel, M., Welch, D. W., Candy, J. R., Morris, J. F. T., Thiess, M. E., Wallace, 

C., Teel, D. J., Farley Jr., E. V., Crawford, W., & Beacham, T. D. (2009). Seasonal 
stock-specific migrations of juvenile sockeye salmon along the west coast of North 
America: implications for growth. Transactions of the American Fisheries Society, 
138(6), 1458–1480. doi:10.1577/T08-211.1 
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Knowledge of the migratory habits of juvenile Pacific salmon Oncorhynchus spp. is 
required to test the hypothesis that ocean food resources are a limiting factor in their 
production. Using DNA stock identification techniques, we reconstructed the regional 
and seasonal changes in the stock composition of juvenile sockeye salmon O. nerka (n = 
4,062) collected from coastal Washington to the Alaska Peninsula in coastal trawl 
surveys from May to February 1996–2007. Individuals were allocated to 14 regional 
populations. The majority were allocated to stocks from the Fraser River system (42%), 
while west coast Vancouver Island stocks accounted for 15% of the total catch; Nass and 
Skeena River sockeye salmon constituted 14% and Rivers Inlet 6% of the total. The 
remainder of the stocks identified individually contributed less than 5% of the sockeye 
salmon analyzed. These proportions generally reflected the abundance of those 
populations. In spring and summer, the majority of fish were caught in close proximity to 
their rivers of origin, lending further support to the allocations. By fall, sockeye salmon 
were caught as far north and west as the Alaska Peninsula, the majority being caught 
from central British Columbia to Southeast Alaska. Juvenile sockeye salmon generally 
disappeared from the coast by winter, suggesting dispersion into the Gulf of Alaska. 
Within each region, the proportional stock composition changed as the seasons 
progressed, with northward (and in some cases, rapid) migration along the coast. We also 
demonstrated stock-specific differences in migration patterns. For each stock identified, 
body size and energy density were higher at northern latitudes, suggesting that there is an 
environmental or food web influence on growth or that faster growing fish initiated their 
northward migration earlier. 
 

Tucker, S., Trudel, M., Welch, D. W., Candy, J. R., Morris, J. F. T., Thiess, M. E., Wallace, 
C. & Beacham, T. D. (2011). Life history and seasonal stock-specific ocean 
migration of juvenile Chinook salmon. Transactions of the American Fisheries 
Society, 140(4), 1101–1119. doi:10.1080/00028487.2011.607035 
The ocean feeding grounds of juvenile Pacific salmon Oncorhynchus spp. range over 
several thousand kilometers in which ocean conditions, prey quality and abundance, and 
predator assemblages vary greatly. Therefore, the fate of individual stocks may depend 
on where they migrate and how much time they spend in different regions. Juvenile (n = 
6,266) and immature (n = 659) Chinook salmon Oncorhynchus tshawytscha were 
collected from coastal Washington to Southeast Alaska in coastal trawl surveys from 
February to November 1998–2008, which allowed us to reconstruct changes in stock 
composition for seasons and regions by means of DNA stock identification techniques. 
Individuals were allocated to 12 regional stocks. The genetic stock assignments were 
directly validated by showing that 96% of the 339 known-origin, coded-wire-tagged fish 
were accurately allocated to their region of origin. Overall, the analyses performed in this 
study support the main findings of previous work based on tagging. However, given that 
the sample sizes for all stocks were larger and additional stocks were analyzed, we can 
extend those results; coastal residency of local stocks in their first year at sea with 
differences between smolt classes for southern stocks. Notably, yearling Chinook salmon 
moved quickly into waters north of the west coast of Vancouver Island, including 
Southeast Alaska. Furthermore, subyearling salmon were found over shallower bottom 
depths than yearling fish. Summer catches in all regions were dominated by Columbia 
River yearling fish, which suggests a rapid northward migration. In contrast, very few 
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Columbia River subyearling fish were recovered north of Vancouver Island. Columbia 
River fish were a minor component of the catches in fall and winter, as fish originating 
from other southern stocks dominated catches off the west coast of Vancouver Island 
while northern British Columbia and Southeast Alaska stocks dominated northern regions 
during these time periods. In addition, we found no effect of hatchery origin on the 
distribution of fish. 
 

Tucker, S., Trudel, M., Welch, D. W., Candy, J. R., Morris, J. F. T., Thiess, M. E., Wallace, 
C. & Beacham, T. D. (2012). Annual coastal migration of juvenile Chinook salmon: 
static stock-specific patterns in a highly dynamic ocean. Marine Ecology Progress 
Series, 449, 245–262. doi:10.3354/meps09528 
While recent studies have evaluated the stock-specific coastal migration of juvenile 
Chinook salmon, it remains unclear if these seasonal patterns are consistent between 
years, particularly when ocean conditions change dramatically. Here we contrast the 
abundance, distribution and seasonal stock compositions of juvenile Chinook salmon 
between years in 3 oceanographic regions of the Pacific from southern British Columbia 
to southeast Alaska. Between 1998 and 2008, we surveyed salmon in various months 
from June through March, in different regions along the shelf. Variable conditions in the 
North Pacific Ocean, as well as large overall shifts in ocean regimes were extensively 
documented over this decade. We employed genetic stock identification to identify 
mixed-stock compositions; fish (n = 6274) were allocated to one of 15 regional and 40 
sub-regional stocks. Catch-per-unit-effort and distribution of salmon, as denoted by 
centre of mass, varied significantly between seasons, regions and years. In a similar 
manner, fish body size and dry-weight varied significantly between years, seasons and 
regions. Despite these inter-annual differences in catch, distribution, fish growth 
performance and large variations in ocean conditions encountered by salmon over the 
time period of the study, we observed no response in terms of shifts in stock-specific 
distributions. Regional stock composition was similar between years, suggesting 
migration patterns for all stocks remain consistent despite fluctuations in the marine 
environment: local stocks remain resident in respective coastal areas during their first 
year at sea, except for Columbia River salmon, which move quickly into waters north of 
Vancouver Island in summer. 
 

Van Doornik, D. M., Teel, D. J., Kuligowski, D. R., Morgan, C. A., & Casillas, E. (2007). 
Genetic analyses provide insight into the early ocean stock distribution and survival 
of juvenile coho salmon off the coasts of Washington and Oregon. North American 
Journal of Fisheries Management, 27(1), 220–237. doi:10.1577/M06-130.1 
Estimating the stock proportions of mixed-stock fishery samples by means of genetic 
stock identification has played an important role in the management of salmon fisheries. 
In addition, stock identification of individual fish has applications for population studies, 
forensic cases, and management issues. We examined 11 microsatellite DNA loci in 84 
populations of coho salmon Oncorhynchus kisutch sampled at 78 locations from southern 
British Columbia to northern California to construct a database of microsatellite allele 
frequencies. We then evaluated the applicability of the database for estimating stock 
proportions in a mixed fishery and assigning individuals to their regions of origin. The 
loci were highly polymorphic: observed heterozygosity ranged from 0.754 to 0.943. 

134 
 



Using genetic distance calculations, we identified six major geographic regions and 15 
smaller subregions into which the populations grouped. Computer simulations and a 
sample of 143 coho salmon with known origins showed that the database was sufficient 
to make accurate stock proportion estimates to the 15 subregions. For the sample of fish 
with known origins, individual assignments to region of origin were 82.5% accurate for 
all samples and 97.8% accurate for those where P was greater than 0.95. We used the 
database to estimate stock proportions and densities of 2,344 coho salmon sampled over 
eight summers in a juvenile marine ecology study conducted off the coasts of 
Washington and Oregon. Columbia River juveniles were caught at higher densities than 
coastal fish throughout the summer. Fish from Columbia River and coastal sources were 
captured both north and south of their points of sea entry in early summer and at higher 
densities than in late summer. September catch of Columbia River juveniles was 
correlated with adult abundance in the following year, indicating that year-class strength 
for this stock is largely set during the first summer in the ocean. 
 

Volk, E. C., Bottom, D. L., Jones, K. K., & Simenstad, C. A. (2010). Reconstructing juvenile 
Chinook salmon life history in the Salmon River estuary, Oregon, using otolith 
microchemistry and microstructure. Transactions of the American Fisheries Society, 
139(2), 535–549. doi:10.1577/T08-163.1 
We quantified the juvenile rearing and migratory patterns of individuals from a 
population of fall-spawning Chinook salmon Oncorhynchus tshawytscha in Oregon’s 
Salmon River estuary using otolith microchemistry and microstructure. The study 
confirmed the daily periodicity of otolith growth increments in a natural fish population 
under field conditions and validated fundamental assumptions about increased otolith 
strontium: calcium values during entry into saline waters. The otolith results indicated 
that more than 75% of the subyearling Chinook salmon captured near the mouth of the 
Salmon River had entered the estuary during the summer and that two-thirds of these fish 
had spent more than a month in the estuary before capture. Unlike in other Oregon 
coastal estuaries, in which the fingerling-migrant portion of their life histories is 
dominant, approximately two-thirds of Salmon River Chinook salmon in upper-estuary 
marshes were early fry (<50-mm) migrants. A much smaller proportion at the river mouth 
suggests that many fry migrants did not survive to the lower estuary or passed undetected 
during ocean emigration. Nonetheless, the otolith results reveal a substantially greater 
contribution of estuarine-rearing fry to the out-migrant population at the Salmon River 
than has been reported in other Oregon coastal basins. A small component of fall-
migrating fish with long freshwater residence times also occurred at the river mouth. 
Most of these individuals had migrated quickly through the estuary. Rather than revealing 
a series of discrete “types” defined by the predominant rearing patterns in the population, 
the individual otolith results depict a continuum of freshwater and estuarine life histories 
that is consistent with reports of considerable phenotypic plasticity in Chinook salmon. 
Otolith analysis offers the potential to quantify the relative contributions of different 
juvenile rearing patterns to adult returns. 
 

Walker, R. V., Sviridov, V. V., Urawa, S., & Azumaya, T. (2007). Spatio-temporal variation 
in vertical distributions of Pacific salmon in the ocean. North Pacific Anadromous 
Fish Commission Bulletin, 4, 193–201. 
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The vertical distribution of Pacific salmon (Oncorhynchus spp.) is of interest to biologists 
and the fishing industry. An understanding of the normal vertical distribution and 
movement of salmon facilitates better management of both directed and non-salmon 
fisheries and better evaluation of research data. Salmon vertical distribution can vary 
spatially in relation to distance from shore, depth of the water column, and by ocean 
region, and temporally by life-history stage, season, time of day, and ocean conditions. In 
coastal waters, juvenile salmon were usually less than 15 m from the surface. In offshore 
waters, salmon were usually within the top 40 to 60 m, above the thermocline, but 
occasionally were found from 80 to 120 m. They usually were near the surface at night, 
and moved vertically during the day. Sockeye salmon displayed the shallowest vertical 
distribution, followed by pink, coho, chum, and Chinook salmon. There are limited data 
for winter, but vertical distributions may not change substantially from summer in 
offshore waters, while it may shift in some species in coastal and shelf areas. There is a 
need for more long-term data, throughout the marine residency of individual fish. 
 

Webster, S. J., Dill, L. M., & Butterworth, K. (2007). The effect of sea lice infestation on the 
salinity preference and energetic expenditure of juvenile pink salmon 
(Oncorhynchus gorbuscha). Canadian Journal of Fisheries and Aquatic Sciences, 
64(4), 672–680. doi:10.1139/f07-043 
Ocean-going juvenile salmonids heavily infected with salmon louse, Lepeophtheirus 
salmonis, have been observed prematurely returning to freshwater. This change in 
salinity preference may be an attempt either to regain osmotic balance or to remove the 
lice. For either hypothesis to be true, freshwater habitats must provide infected fish with a 
higher net fitness than saltwater habitats. The objectives of this study were to use 
behavioural titration to quantify the energetic cost of different salinities to infected and 
uninfected pink salmon (Oncorhynchus gorbuscha) and to determine if infection alters 
salinity preference. Results demonstrate that infection changes the salinity preference of 
fish from saltwater to freshwater. The cost paid by these freshwater-preferring infected 
fish foraging in saltwater increased with lice density during trials conducted between 13–
33 days after infection. Other infection-induced behavioural changes include a 14-fold 
increase in the jumping frequency of infected versus control fish and a decrease 
inforaging between 13 and 33 days after infection. 
 

Weitkamp, L. A. (2008). Buoyancy regulation by hatchery and wild coho salmon during the 
transition from freshwater to marine environments. Transactions of the American 
Fisheries Society, 137(3), 860–868. doi:10.1577/T07-081.1 
One aspect of diadromy that has received little attention is buoyancy regulation in fish 
moving between freshwater and marine environments. Because of density differences 
between the two water types, fish must alter their whole-fish density (WFD) or they will 
become positively (float) or negatively (sink) buoyant as they change environments. This 
idea was first suggested over 80 year ago but has been largely overlooked by the 
scientific community. To explore how fish regulate buoyancy during this important 
transition, I measured WFD and lipid levels and estimated swim bladder volumes (SBVs) 
of juvenile coho salmon Oncorhynchus kisutch collected from freshwater and marine 
environments. These fish exhibited increased WFD with increasingly dense 
environments, suggesting active buoyancy regulation. Most of the WFD increase was 
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attributable to decreases in SBV, although hatchery coho salmon also exhibited decreased 
lipid levels with increasing WFD. Hatchery coho salmon had significantly higher lipid 
levels than wild coho salmon in both freshwater and marine environments. These high 
lipid levels may impede the ability of hatchery fish to regulate buoyancy and may 
increase their vulnerability to surface predators. Furthermore, lipid levels that vary with 
both environmental water density and fish origin clearly complicate the interpretation of 
this variable during the important transition from freshwater to the ocean. 
 

Weitkamp, L. A., Bentley, P. J., & Litz, M. N. C. (2012). Seasonal and interannual 
variation in juvenile salmonids and associated fish assemblage in open waters of the 
lower Columbia River estuary. Fishery Bulletin, 110(4), 426–450. 
The transition between freshwater and marine environments is associated with high 
mortality for juvenile anadromous salmonids, yet little is known about this critica lperiod 
in many large rivers. To address this deficiency, we investigated the estuarine ecology of 
juvenile salmonids and their associated fish assemblage in open-water habitats of the 
lower Columbia River estuary during spring of 2007–10. For coho (Oncorhynchus 
kisutch), sockeye (O. nerka), chum (O. keta), and yearling (age 1.0) Chinook (O. 
tshawytscha) salmon, and steelhead (O. mykiss), we observed a consistent seasonal 
pattern characterized by extremely low abundances in mid-April, maximum abundances 
in May, and near absence by late June. Subyearling (age 0.0) Chinook salmon were most 
abundant in late June. Although we observed interannual variation in the presence, 
abundance, and size of juvenile salmonids, no single year was exceptional across all 
species-and-age classes. We estimated that >90% of juvenile Chinook and coho salmon 
and steelhead were of hatchery origin, a rate higher than previously reported. In contrast 
to juvenile salmonids, the abundance and composition of the greater estuarine fish 
assemblage, of which juvenile salmon were minor members, were extremely variable and 
likely responding to dynamic physical condition sin the estuary. Comparisons with 
studies conducted 3 decades earlier suggest striking changes in the estuarine fish 
assemblage—changes that have unknown but potentially important consequences for 
juvenile salmon in the Columbia River estuary. 
 

Weitkamp, L. A., Orsi, J. A., Myers, K. W., & Francis, R. C. (2011). Contrasting early 
marine ecology of Chinook salmon and coho salmon in Southeast Alaska: Insight 
into factors affecting marine survival. Marine and Coastal Fisheries, 3(1), 233–249. 
doi:10.1080/19425120.2011.588919 
To identify processes potentially contributing to the differential marine survival rates of 
Chinook salmon Oncorhynchus tshawytscha and coho salmon O. kisutch originating from 
Southeast Alaska, we compared the early marine ecology of the two species during the 
critical first summer in marine waters. We predicted that the higher survival rates for 
coho salmon relative to Chinook salmon were related to the larger size, faster growth, or 
different habitat or species associations of coho salmon. Our size and growth 
expectations were largely substantiated: juvenile coho salmon were larger than juvenile 
Chinook salmon and had faster length-based growth, although weight-based growth rates 
were similar. The most obvious difference was in their distributions. Juvenile coho 
salmon overlapped spatially and temporally with abundant juvenile pink salmon O. 
gorbuscha and chum salmon O. keta, whereas juvenile Chinook salmon were 
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geographically separated from other salmonids. This suggests that coho salmon benefited 
from a predation buffer that did not extend to Chinook salmon. Our results indicate that 
factors influencing marine survival of juvenile Chinook salmon and coho salmon in 
Southeast Alaska are attributable to species-specific differences in their early marine 
distribution patterns and species interactions. 
 

Weitkamp, L. A., & Sturdevant, M. V. (2008). Food habits and marine survival of juvenile 
Chinook and coho salmon from marine waters of Southeast Alaska. Fisheries 
Oceanography, 17(5), 380–395. doi:10.1111/j.1365-2419.2008.00485.x 
Little is known about the food habits of juvenile Chinook (Oncorhynchus tshawytscha) 
and coho (Oncorhynchus kisutch) salmon in marine environments of Alaska, or whether 
their diets may have contributed to extremely high marine survival rates for coho salmon 
from Southeast Alaska and much more modest survival rates for Southeast Alaskan 
Chinook salmon. To address these issues, we documented the spatial and temporal 
variability of diets of both species collected from marine waters of Southeast Alaska 
during summers of 1997–2000. Food habits were similar: major prey items of both 
species included fishes, crab larvae, hyperiid amphipods, insects, and euphausiids. 
Multivariate analyses of diet composition indicated that the most distinct groups were 
formed at the smallest spatial and temporal scales (the haul), although groups also formed 
at larger scales, such as by month or habitat type. Our expectations for how food habits 
would influence survival were only partially supported. As predicted, Southeast Alaskan 
coho salmon had more prey in their stomachs overall [1.8% of body weight (BW)] and 
proportionally far fewer empty stomachs (0.7%) than either Alaskan Chinook (1.4% BW, 
5.1% empty) or coho salmon from other regions. However, contrary to our expectations, 
coho salmon diets contained surprisingly few fish (49% by weight). Apparently, Alaskan 
coho salmon achieved extremely high marine survival rates despite a diet consisting 
largely of small, less energetically-efficient crustacean prey. Our results suggest that diet 
quantity (how much is eaten) rather than diet quality (what is eaten) is important to 
marine survival. 
 

Welch, D. W., Melnychuk, M. C., Payne, J. C., Rechisky, E. L., Porter, A. D., Jackson, G. 
D., Ward, B. R., Vincent, S. P., Wood, C. C., & Semmens, J. (2011). In situ 
measurement of coastal ocean movements and survival of juvenile Pacific salmon. 
Proceedings of the National Academy of Sciences, 108(21), 8708–8713. 
doi:10.1073/pnas.1014044108 
Many salmon populations in both the Pacific and Atlantic Oceans have experienced 
sharply decreasing returns and high ocean mortality in the past two decades, with some 
populations facing extirpation if current marine survival trends continue. Our inability to 
monitor the movements of marine fish or to directly measure their survival precludes 
experimental tests of theories concerning the factors regulating fish populations, and thus 
limits scientific advance in many aspects of fisheries management and conservation. Here 
we report a large-scale synthesis of survival and movement rates of free-ranging juvenile 
salmon across four species, 13 river watersheds, and 44 release groups of salmon smolts 
(>3,500 fish tagged in total) in rivers and coastal ocean waters, including an assessment 
of where mortality predominantly occurs during the juvenile migration. Of particular 
importance, our data indicate that, over the size range of smolts tagged, (i) smolt survival 
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was not strongly related to size at release, (ii) tag burden did not appear to strongly 
reduce the survival of smaller animals, and (iii) for at least some populations, substantial 
mortality occurred much later in the migration and more distant from the river of origin 
than generally expected. Our findings thus have implications for determining where effort 
should be invested to improve the accuracy of salmon forecasting, to understand the 
mechanisms driving salmon declines, and to predict the impact of climate change on 
salmon stocks. 
 

Welch, D. W., Melnychuk, M. C., Rechisky, E. R., Porter, A. D., Jacobs, M. C., Ladouceur, 
A., McKinley, R. S., & Jackson, G. D. (2009). Freshwater and marine migration and 
survival of endangered Cultus Lake sockeye salmon (Oncorhynchus nerka) smolts 
using POST, a large-scale acoustic telemetry array. Canadian Journal of Fisheries 
and Aquatic Sciences, 66(5), 736–750. doi:10.1139/F09-032 
Freshwater and early marine migration and survival of endangered Cultus Lake sockeye 
(Oncorhynchus nerka) salmon were studied using the Pacific Ocean Shelf Tracking 
(POST) array. Smolts were acoustically tagged in 2004–2007, and their migration was 
recorded within the lower Fraser River and coastal southern British Columbia waters. 
Most smolts showed rapid directional movement (swimming speeds of ~15–30 km·day–

1). Average exit time from the Fraser River was 4.0–5.6 days after release, and average 
residence time within the Strait of Georgia was 25.6–34.1 days. Most individuals 
migrated northward, generally close to the mainland coast. Survival rates, assessed using 
standard mark–recapture methods, were generally high during the downstream migration 
(50%–70%), except in 2005 when survival was <20%, possibly because of a late release. 
Marine survival rates were stable among years, between 10%–30% at a subarray sited 
500 km away from the release site. Movement rates were similar to those of previously 
published work, but the POST array provided direct measurements of movement and 
estimates of survival and demonstrated the feasibility of establishing continental-scale 
acoustic arrays for management and conservation of marine species. 
 

Welch, D. W., Rechisky, E. L., Melnychuk, M. C., Porter, A. D., Walters, C. J., Clements, 
S., Clemens, B. J., McKinley, R. S., & Schreck, C. (2008). Survival of migrating 
salmon smolts in large rivers with and without dams. PLoS Biol, 6(10), e265. 
doi:10.1371/journal.pbio.0060265 
The mortality of salmon smolts during their migration out of freshwater and into the 
ocean has been difficult to measure. In the Columbia River, which has an extensive 
network of hydroelectric dams, the decline in abundance of adult salmon returning from 
the ocean since the late 1970s has been ascribed in large measure to the presence of the 
dams, although the completion of the hydropower system occurred at the same time as 
large-scale shifts in ocean climate, as measured by climate indices such as the Pacific 
Decadal Oscillation. We measured the survival of salmon smolts during their migration 
to sea using elements of the large-scale acoustic telemetry system, the Pacific Ocean 
Shelf Tracking (POST) array. Survival measurements using acoustic tags were 
comparable to those obtained independently using the Passive Integrated Transponder 
(PIT) tag system, which is operational at Columbia and Snake River dams. Because the 
technology underlying the POST array works in both freshwater and the ocean, it is 
therefore possible to extend the measurement of survival to large rivers lacking dams, 
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such as the Fraser, and to also extend the measurement of survival to the lower Columbia 
River and estuary, where there are no dams. Of particular note, survival during the 
downstream migration of at least some endangered Columbia and Snake River Chinook 
and steelhead stocks appears to be as high or higher than that of the same species 
migrating out of the Fraser River in Canada, which lacks dams. Equally surprising, smolt 
survival during migration through the hydrosystem, when scaled by either the time or 
distance migrated, is higher than in the lower Columbia River and estuary where dams 
are absent. Our results raise important questions regarding the factors that are preventing 
the recovery of salmon stocks in the Columbia and the future health of stocks in the 
Fraser River. 
 

Wells, B. K., Grimes, C. B., Sneva, J. G., McPherson, S., & Waldvogel, J. B. (2008). 
Relationships between oceanic conditions and growth of Chinook salmon 
(Oncorhynchus tshawytscha) from California, Washington, and Alaska, USA. 
Fisheries Oceanography, 17(2), 101–125. doi:10.1111/j.1365-2419.2008.00467.x 
We model age-specific growth rates of Chinook salmon (Oncorhynchus tshawytscha) 
with two life-history behaviors from Alaska (i. Situk and ii.Taku Rivers), Puget Sound, 
Washington (iii., iv. Skagit River), and California (v. Smith River) relative to oceanic 
conditions in those regions. By analyzing over 20 yr of biological and physical data from 
the NE Pacific downwelling, upwelling, and transition zones, we are able to determine 
the factors affecting growth across much of the species’ range and between life-history 
behaviors. With scale increment data from returning fish, we use path analysis and partial 
least squares regression to quantify the relationships between growth and regional- and 
large-scale oceanic conditions (e.g., sea level height, sea surface temperature, upwelling). 
Alaskan fish with both ocean- and stream-type behaviors were fit best by the 
environmental data from the winter in Alaska waters. Specifically, coastal and gyre 
factors such as sea surface temperature, river flow, and Ekman pumping positively 
correlated to growth, indicating a productive and strong Alaska Current promoted 
growth. Growth of fish from California was fit by local factors such as increased 
upwelling, lower coastal sea surface temperature, and wind stresses during summer and 
spring, indicating a productive and strong California Current promoted growth. For Puget 
Sound, Washington, growth of fish that migrate to sea in their first year was generally 
negatively correlated to a strong California Current. Puget Sound fish that spend a year in 
freshwater before migrating to sea were modeled well with environmental data from their 
source region for the first 2 yr at sea and by data from Alaska waters in their third year at 
sea. Results suggest that conditions in which the transition zone is dominated by neither 
the Alaska nor California Currents are best for increased growth of Puget Sound fish. 
 

Wells, B. K., Grimes, C. B., & Waldvogel, J. B. (2007). Quantifying the effects of wind, 
upwelling, curl, sea surface temperature and sea level height on growth and 
maturation of a California Chinook salmon (Oncorhynchus tshawytscha) population. 
Fisheries Oceanography, 16(4), 363–382. doi:10.1111/j.1365-2419.2007.00437.x 
We used retrospective scale growth chronologies and return size and age of female 
Chinook salmon (Oncorhynchus tshawytscha) from a northern California, USA, 
population collected over 22 run years and encompassing 18 complete cohorts to model 
the effects of oceanographic conditions on growth during ocean residence. Using path 
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analyses and partial least squares regressive approaches, we related growth rate and 
maturation to seven environmental variables (sea level height, sea surface temperature, 
upwelling, curl, scalar wind, northerly pseudo-wind stress and easterly pseudo-wind 
stress). During the first year of life, growth was negatively related to summer sea surface 
temperature, curl and scalar winds, and was positively related to summer upwelling. 
During the second, third and fourth growth years growth rate was negatively related to 
sea level height and sea surface temperature, and was positively related to upwelling and 
curl. The age at maturation and the fork length at which three ocean-winter fish returned 
were related to the environment experienced during the spring before the third winter at 
sea (the year prior return). Faster growth during the year before return led to earlier 
maturation and larger return size. 
 

Wells, B. K., Santora, J. A., Field, J. C., MacFarlane, R. B., Marinovic, B. B., & Sydeman, 
W. J. (2012). Population dynamics of Chinook salmon Oncorhynchus tshawytscha 
relative to prey availability in the central California coastal region. Marine Ecology 
Progress Series, 457, 125–137. doi:10.3354/meps09727 
Mortality during the first period at sea is thought to be a primary determinant of salmon 
productivity and return rates. Here, we test this hypothesis by linking variation in prey 
resources during the initial phase at sea with measurements of central California Chinook 
salmon Oncorhynchus tshawytscha diet, condition, and later adult abundance. 
Specifically, we investigate linkages between the distribution and abundance of krill and 
other prey with juvenile Chinook salmon diet and body condition. Hydrographic features 
of the Gulf of the Farallones during May and June were related to the abundance and 
spatial organization of Chinook salmon prey. When upwelling was reduced, there were 
fewer krill on the inner Gulf of the Farallones shelf, thereby less available to outgoing 
juvenile Chinook salmon smolts. Notably, we found a 1 yr lag in the relationship between 
the abundance of adult Thysanoessa spinifera and the volume of krill in the diet of 
juvenile Chinook salmon. Body condition of juvenile Chinook salmon was positively 
related to the abundance of adult krill the year before and specifically to the proportion of 
T. spinifera in the diet. In turn, the condition of juvenile Chinook salmon was correlated 
to the abundance of mature Chinook salmon returning from the same cohort the next 
year. This information may be useful for fisheries management by improving sibling-
based forecasting models as well as informing escapement goals. 
 

Wertheimer, A. C., Orsi, J. A., Fergusson, E. A. & M. V. Sturdevant. (2010). Forecasting  
pink salmon harvest in Southeast Alaska from juvenile salmon abundance and 
associated environmental parameters: 2009 harvest and 2010 forecast. North Pacific 
Andaromous Fish Comission Document, 1278, 19 pp.  
The Southeast Alaska Coastal Monitoring (SECM) project has been sampling juvenile 
salmon (Oncorhynchus spp.) and associated environmental parameters in northern 
Southeast Alaska (SEAK) annually since 1997 to better understand effects of 
environmental change on salmon production. A pragmatic application of this sampling 
effort is to forecast the abundance of adult salmon returns in subsequent years. Since 
2004, juvenile peak salmon catch per unit effort (CPUE) from SECM, modified by other 
environmental parameters as appropriate, has been used to forecast harvest of adult pink 
salmon (O. gorbuscha) in SEAK. The 2009 return of 38.0 million fish was 17% below 
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the forecast of 44.4 million. This represents the fifth forecast over the period 2004-2009 
which was within 0-17% of the actual harvest. Conversely, the forecast for 2006 did not 
follow this pattern and was 200% higher than the actual harvest; however, the simple 
CPUE forecast model did indicate a downturn in harvest that year. These results show 
that the CPUE information has great utility for forecasting year class strength of SEAK 
pink salmon, but additional environmental data are needed to avoid “misses” such as the 
forecast of the 2006 return. Beginning with the forecast for the 2007 return, the simple 
CPUE forecast model was enhanced to include stepwise multiple regression, jackknife 
hindcast analysis, and bootstrap confidence intervals. For 2010, a three-parameter model 
was selected as the “best” forecast model. Juvenile pink salmon CPUE in northern SEAK 
accounted for 82% of the variability in annual harvest of SEAK pink salmon over the 
period 1997-2009. The amount of variability explained was improved to 94% when the 
May 20-m integrated sea water temperatures and an index of the El Niño Southern 
Oscillation (ENSO) were included in the model. The forecast for the 2010 harvest was 
26.8 million fish, with an 80% bootstrap confidence interval of 18-35 million fish. 
Preliminary end of the season pink salmon harvests for 2010 are currently 23.4 million 
(17 Sept 2010, Alaska Department of Fish and Game) and are within 15% of the SECM 
2010 harvest forecast.  
 

Wertheimer, A. C., Orsi, J. A., Fergusson, E. A. & M. V. Sturdevant. (2011). Forecasting  
pink salmon harvest in Southeast Alaska from juvenile salmon abundance and 
associated environmental parameters: 2010 harvest and 2011 forecast. North Pacific 
Andaromous Fish Comission Document, 1343, 20 pp. 
The Southeast Alaska Coastal Monitoring (SECM) project has been sampling juvenile 
salmon (Oncorhynchus spp.) and associated environmental parameters in northern 
Southeast Alaska (SEAK) annually since 1997 to better understand effects of 
environmental change on salmon production. A pragmatic application of the annual 
sampling effort is to forecast the abundance of adult salmon returns in subsequent years. 
Since 2004, juvenile peak salmon catch per unit effort (CPUE) from SECM, adjusted for 
highly-correlated environmental parameters, has been used to forecast harvest of adult 
pink salmon (O. gorbuscha) in SEAK. The 2010 forecast of 26.8 M fish was 15% higher 
than the actual harvest of 23.4 M fish. Six forecasts produced over the period 2004-2010 
have been within 0-17% of the actual harvest, with an average forecast deviation of 7.9%. 
However, the forecast for 2006 did not follow this pattern. The simple CPUE forecast 
model indicated a downturn in the harvest, but the prediction was 209% higher than the 
actual harvest. These results show that the CPUE information has great utility for 
forecasting year class strength of SEAK pink salmon, but additional information may be 
needed to avoid “misses” such as the forecast for the 2006 return. For the 2011 forecast, 
model selection included a review of ecosystem indicator variables and considered 
additional environmental parameters to improve the simple single-parameter CPUE 
forecast model. The single parameter model was selected as the “best” forecast model for 
2011. Juvenile pink salmon CPUE in northern SEAK accounted for 82% of the 
variability in annual harvest of SEAK pink salmon over the period 1997-2010. The 2011 
forecast from this model, using juvenile salmon data collected in 2010, was 56.2 M fish, 
with an 80% bootstrap confidence interval of 47-62 M fish. Over the past seven years, the 
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use of the SECM time series of CPUE data and associated environmental parameters has 
largely been successful in forecasting year-class strength of pink salmon in SEAK.  
  

Wertheimer, A. C., Orsi, J. A., Fergusson, E. A. & M. V. Sturdevant. (2012). Forecasting  
pink salmon harvest in Southeast Alaska from juvenile salmon abundance and 
associated environmental parameters: 2011 harvest and 2012 forecast. North Pacific 
Andaromous Fish Comission Document, 1414, 20 pp. 
The Southeast Alaska Coastal Monitoring (SECM) project has been sampling juvenile 
salmon (Oncorhynchus spp.) and associated biophysical parameters in northern Southeast 
Alaska (SEAK) annually since 1997 to better understand the effects of environmental 
change on salmon production. A pragmatic application of the annual sampling effort is to 
forecast the abundance of adult salmon returns in subsequent years. Since 2004, juvenile 
peak salmon catch per unit effort (CPUE) from SECM, adjusted for highly-correlated 
biophysical parameters, has been used to forecast harvest of adult pink salmon (O. 
gorbuscha) in SEAK. The 2011 forecast of 56.2 M fish was 5% lower than the actual 
harvest of 59.0 M fish. Seven of eight forecasts produced over the period 2004-2011 have 
been within 0-17% of the actual harvest, with an average forecast deviation of 7%. The 
forecast for 2006 was the exception; while the simple CPUE model indicated a downturn 
in harvest, the prediction still overestimated the harvest by 209%. These results show that 
the CPUE information has great utility for forecasting year-class strength of SEAK pink 
salmon, but additional information may be needed to avoid “misses” such as the forecast 
for the 2006 return. For the 2012 forecast, model selection included a review of 
ecosystem indicator variables and considered additional biophysical parameters to 
improve the simple single-parameter CPUE forecast model. A two-parameter model, 
including May temperature data as well as juvenile CPUE, was selected as the “best” 
forecast model for 2012. The 2012 forecast from this model, using juvenile salmon data 
collected in 2011, was for 18.8 M fish, with an 80% bootstrap confidence interval of 13-
25 M fish.  

 
Wertheimer, A. C., Orsi, J. A., Fergusson, E. A. & M. V. Sturdevant. (2013). Forecasting  

pink salmon harvest in Southeast Alaska from juvenile salmon abundance and 
associated environmental parameters: 2012 harvest and 2013 forecast. North Pacific 
Andaromous Fish Comission Document, 1486, 24 pp. 
The Southeast Alaska Coastal Monitoring (SECM) project has been sampling juvenile 
salmon (Oncorhynchus spp.) and associated biophysical parameters in northern Southeast 
Alaska (SEAK) annually since 1997 to better understand the effects of environmental 
change on salmon production. A pragmatic application of the annual sampling effort is to 
forecast the abundance of adult salmon returns in subsequent years. Since 2004, juvenile 
peak salmon catch per unit effort (CPUE) from SECM, adjusted for highly-correlated 
biophysical parameters, has been used to forecast harvest of adult pink salmon (O. 
gorbuscha) in SEAK. The 2012 forecast of 18.8 M fish was 12 % lower than the actual 
harvest of 21.3 M fish. Eight of nine forecasts produced over the period 2004-2012 have 
been within 17% of the actual harvest, with an average forecast deviation of 7%. The 
forecast for 2006 was the exception; while the simple CPUE model indicated a downturn 
in harvest, the prediction substantially overestimated the harvest. These results show that 
the CPUE information has great utility for forecasting year class strength of SEAK pink 
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salmon, but additional information may be needed to avoid forecast “misses.” For the 
2013 forecast, model selection included a review of ecosystem indicator variables and 
considered additional biophysical parameters to improve the simple single-parameter 
juvenile CPUE forecast model. The “best” forecast model for 2013 included two 
parameters, the Icy Strait Temperature Index (ISTI) and juvenile CPUE. The 2013 
forecast of 53.8 M fish from this model, using juvenile salmon data collected in 2012, 
had an 80% bootstrap confidence interval of 48-60 M fish.  

  
Wertheimer, A. C., & Thrower, F. P. (2007). Mortality rates of chum salmon during their  

early marine residency. American Fisheries Society Symposium, 57, 233-247.  
Interannual variability in chum salmon Oncorhynchus keta mortality during early marine 
life is thought to have a major influence on recruitment. However, few estimates of daily 
mortality are available for chum salmon during this period, and average values reported 
in the literature are unrealistically high when used in a simple life-history model. We 
analyzed survival to adult of seven groups of chum salmon, marked as juveniles, and 
released at different times and sizes at Little Port Walter, Alaska to estimate average 
daily mortality during early marine residency for an early emigration group and a late 
emigration group. We assumed that differences in proportions of groups surviving to 
adult between the initial releases of unfed fry and subsequent releases of fed fry for each 
group were due to natural mortality during the time interval between releases. For both 
groups, mortality was highest during the period immediately after release, declining 
rapidly thereafter. Average daily mortality was 8 % for the early release during their first 
2 d in the ocean and 3.9% for the late release during the first 32 d in the ocean. After May 
4 (54 d and 33 d postrelease, respectively, for the early and late groups), average daily 
mortality was less than 0.6% for both groups. These results support the paradigm that 
most of the mortality of chum salmon in the ocean occurs early in their marine residency, 
and the results provide realistic rates for demographic modeling of the abundance of 
chum salmon in marine habitats. 

 
Williams, J. G., Smith, S. G., Fryer, J. K., Scheuerell, M. D., Muir, W. D., Flagg, T. A.,  

Zabel, R. W., Ferguson, J. W., & Casillas, E. (2014). Influence of ocean and  
freshwater conditions on Columbia River sockeye salmon Oncorhynchus nerka adult 
return rates. Fisheries Oceanography, In press  
In recent years, returns of adult sockeye salmon Oncorhynchus nerka to the Columbia 
River Basin have reached numbers not observed since the 1950s. To understand factors 
related to these increased returns, we first looked for changes in freshwater production 
and survival of juvenile migrants. We then evaluated productivity changes by estimating 
smolt-to-adult return rates (SAR) for juvenile migration years 1985–2010. We found 
SAR varied between 0.2 and 23.5%, with the highest values coinciding with recent large 
adult returns. However, the largest adult return, in 2012, resulted not from increased 
survival, but from increased smolt production. We evaluated 19 different variables that 
could influence SARs, representing different facets of freshwater and ocean conditions. 
We used model selection criteria based on small-sample corrected AIC to evaluate the 
relative performance of all two- and three-variable models. The model with April 
upwelling, Pacific Northwest Index (PNI) in the migration year, and PNI in the year 
before migration had 10 times the AICc weight as the second-best-supported model, and 
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R2 = 0.82. The variables of April ocean upwelling and PNI in the migration year had high 
weights of 0.996 and 0.927, respectively, indicating they were by far the best of the 
candidate variables to explain variations in SAR. While our analyses were primarily 
correlative and limited by the type and amount of data currently available, changes in 
ocean conditions in the northern California Current system, as captured by April 
upwelling and PNI, appeared to play a large role in the variability of SAR. 

 
Wood, C. C., Welch, D. W., Godbout, L., & Cameron, J. (2011). Marine migratory 

behavior of hatchery-reared anadromous and wild non-anadromous sockeye salmon 
revealed by acoustic tags. American Fisheries Society Symposium, 76, 289-311.  
We investigated the marine migratory behavior and survival of Sakinaw Lake sockeye 
salmon Oncorhynchus nerka during their outbound migration as juveniles and return 
migration as adults two or more years later by tracking individuals that had been 
implanted with Vemco acoustic tags programmed to have two periods of active 
transmission. We tracked both hatchery-reared anadromous sockeye salmon (“hatchery 
sockeye”) and wild nonanadromous “kokanee,” two genetically-distinct, sympatric 
ecotypes inhabiting Sakinaw Lake, British Columbia. Tagged kokanee were 
distinguished from wild sockeye by haplotype frequencies at two mitochondrial DNA 
genes. Migrations were inferred from detections by the Pacific Ocean Shelf Tracking 
(POST) receivers, and supplemental tracking near the release site and in Sakinaw Lake. 
We found no significant differences between the ecotypes in the proportion of 
“migratory” fish (those detected migrating seaward by POST telemetry in the year of 
release, 42% of all 254 fish released) or in the proportion of ocean-going fish (those 
detected at receivers near the open ocean, 20% of all fish released). Seaward migration in 
both ecotypes was primarily northward through Johnstone Strait in 2 of the 3 years 
studied (92% of migratory fish in 2004 and 84% in 2006). A significantly higher 
proportion of fish moved southward in 2005 (45% of migratory fish) than in 2004 or 
2006, but this difference could not be attributed to ecotype, body size, or release date. 
One significant difference observed between the ecotypes was that 6 kokanee but no 
sockeye migrated back into Sakinaw Lake within 2 weeks of release in 2006. The number 
of tagged fish detected as returning adults with operational tags was low (3 sockeye at the 
release site and 2 kokanee at Sakinaw Creek), but none of these fish had been detected 
crossing seaward POST lines as juveniles and thus appeared to be nonmigratory. The 
adult return rate of these non migratory tagged fish (3.4% in sockeye, 4.3% in kokanee) 
was higher than for migratory tagged fish (0% for both ecotypes). This discrepancy 
suggests that factors outside the Strait of Georgia have caused the poor marine survival 
that is preventing recovery of the endangered Sakinaw sockeye population (mean <0.2% 
since 2003). 
 

Woodson, L. E., Wells, B. K., Weber, P. K., MacFarlane, R. B., Whitman, G. E., & 
Johnson, R. C. (2013). Size, growth, and origin-dependent mortality of juvenile 
Chinook salmon Oncorhynchus tshawytscha during early ocean residence. Marine 
Ecology Progress Series, 487, 163–175. doi:10.3354/meps10353 
Selective mortality during early life history stages can have significant population-level 
consequences, yet critical periods when selective mortality occurs, the strength of 
selection, and under what environmental conditions can be difficult to identify. Here, we 
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used otolith microstructure and chemistry to examine the factors potentially linked to 
selective mortality of juvenile fall-run Chinook salmon Oncorhynchus tshawytscha from 
California’s Central Valley during early ocean residence. Back-calculated size and 
growth rates of the population were compared across 3 sample periods: as juveniles 
exited the San Francisco Bay estuary (estuary-exit), after their first month at sea 
(summer-ocean) and 5 mo after ocean entry (fall-ocean). We compared mortality 
dynamics during years of exceptional recruitment (addition of individuals to harvestable 
population; 2000 and 2001) to a year of poor recruitment (2005). Otoliths from 2005 
were also analyzed for sulfur isotopes to discern hatchery from naturally spawned stock. 
Significant size and growth-rate selective mortality were detected during the first month 
at sea in the low recruitment year of 2005, but not in 2000 and 2001. Individuals that 
were larger and growing faster during freshwater and estuarine rearing were more likely 
to survive to summer and fall in the low recruitment year. There was a slight, but 
insignificant, increase in the proportion of hatchery to naturally spawned individuals from 
estuary-exit to fall-ocean, suggesting that fish from neither origin were overwhelmingly 
favored. Our results suggest that Central Valley Chinook salmon can be subject to 
significant size and growth-rate selective mortality resulting in low adult abundance, and 
this mortality appears independent of origin. 
 

Yu, H., Bi, H., Burke, B., Lamb, J., & Peterson, W. (2012). Spatial variations in the 
distribution of yearling spring Chinook salmon off Washington and Oregon using 
COZIGAM analysis. Marine Ecology Progress Series, 465, 253–265. 
doi:10.3354/meps09909 
Yearling Chinook salmon Oncorhynchus tshawytscha were sampled off Washington and 
Oregon, USA, along with environmental factors, every June from 1998 to 2010. The 
abundance of yearling Chinook salmon varied over space with a high proportion of zero 
catches. Positive catches were more numerous north of the Columbia River, likely 
because most yearling Chinook salmon turn north after leaving the Columbia River. 
Using the latitude of the Columbia River mouth as a geographical border, the survey area 
was divided into 2 regions: north and south of the Columbia River. We hypothesized that 
(1) the spatial distribution pattern within each region was related to local environmental 
factors and (2) the difference between north and south was related to large-scale ocean 
processes. A constrained zero-inflated generalized additive model (COZIGAM) was 
applied to examine the non-linear relationships between juvenile salmon abundance and 
environmental factors. Results from the COZIGAM suggested that water temperature, 
chlorophyll a (chl a) concentration, copepod biomass and spatial factors were 
significantly correlated with the density of salmon in the northern region, and only chl a 
concentration was correlated significantly with yearling Chinook density in the southern 
region. The difference between the abundances north and south of the Columbia River 
was significantly correlated with alongshore ocean currents, with weaker alongshore 
currents leading to greater difference between north and south. Results suggest that 
salmon distribution is determined not only by standard habitat parameters (local biotic 
and abiotic factors) but by ocean conditions such as the strength of alongshore coastal 
currents. 
 

Zabel, R. W., Scheuerell, M. D., McClure, M. M., & Williams, J. G. (2006). The Interplay 
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between Climate Variability and Density Dependence in the Population Viability of 
Chinook Salmon. Conservation Biology, 20(1), 190–200. doi:10.1111/j.1523-
1739.2005.00300.x 
The viability of populations is influenced by driving forces such as density dependence 
and climate variability, but most population viability analyses (PVAs) ignore these 
factors because of data limitations. Additionally, simplified PVAs produce limited 
measures of population viability such as annual population growth rate (λ) or extinction 
risk. Here we developed a “mechanistic” PVA of threatened Chinook salmon 
(Oncorhynchus tshawytscha) in which, based on 40 years of detailed data, we related 
freshwater recruitment of juveniles to density of spawners, and third-year survival in the 
ocean to monthly indices of broad-scale ocean and climate conditions. Including climate 
variability in the model produced important effects: estimated population viability was 
very sensitive to assumptions of future climate conditions and the autocorrelation 
contained in the climate signal increased mean population abundance while increasing 
probability of quasi extinction. Because of the presence of density dependence in the 
model, however, we could not distinguish among alternative climate scenarios through 
mean λ values, emphasizing the importance of considering multiple measures to elucidate 
population viability. Our sensitivity analyses demonstrated that the importance of 
particular parameters varied across models and depended on which viability measure was 
the response variable. The density-dependent parameter associated with freshwater 
recruitment was consistently the most important, regardless of viability measure, 
suggesting that increasing juvenile carrying capacity is important for recovery. 
 

Zeug, S. C., & Cavallo, B. J. (2013). Influence of estuary conditions on the recovery rate of 
coded-wire-tagged Chinook salmon (Oncorhynchus tshawytscha) in an ocean fishery. 
Ecology of Freshwater Fish, 22(1), 157–168. doi:10.1111/eff.12013 
Chinook salmon (Oncorhynchus tschawytscha) populations within the highly modified 
San Francisco Estuary, California, have seen precipitous declines in recent years. To 
better understand this decline, a decade of coded-wire tag release and recovery data for 
juvenile salmon was combined with physicochemical data to construct models that 
represented alternative hypotheses of estuarine conditions that influence tag recovery rate 
in the ocean. An information theoretic approach was used to evaluate the weight of 
evidence for each hypothesis and model averaging was performed to determine the level 
of support for variables that represented individual hypotheses. A single best model was 
identified for salmon released into the Sacramento River side of the estuary, whereas two 
competitive models were selected for salmon released into the San Joaquin River side of 
the estuary. Model averaging found that recovery rates were greatest for San Joaquin 
River releases when estuary water temperatures were lower, and salmon were released at 
larger sizes. Recovery rate of Sacramento releases was greatest during years with better 
water quality. There was little evidence that large-scale water exports or inflows 
influenced recovery rates in the ocean during this time period. These results suggest that 
conceptual models of salmon ecology in estuaries should be quantitatively evaluated 
prior to implementation of recovery actions to maximise the effectiveness of management 
and facilitate the recovery of depressed Chinook populations. 
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Abstract 
 Juvenile chum (Oncorhynchus keta) and Chinook salmon (O. tshawytscha) were 
collected in the Bering and Chukchi seas as part of the 2012 U.S. BASIS/Arctic Ecosystem 
Integrated Survey (Arctic EIS) cruises. Juvenile chum salmon were more commonly encountered 
on the survey and 1,222 juveniles were genotyped for 11 microsatellite markers to determine 
their stock of origin. The most northern sample set was relatively small; juvenile chum salmon 
collected in the Chukchi Sea were predominantly from the Kotzebue Sound stock group. 
Juvenile chum salmon collected in the northern Bering Sea near Norton Sound were 
predominantly of Norton Sound origin. Yukon River chum salmon were present in both survey 
areas of the Bering Sea, but were more prevalent between lat. 60-63°N. Juvenile Chinook salmon 
were not encountered in the Chukchi Sea, but a small sample of 81 juveniles from the Bering Sea 
was genotyped for 43 single nucleotide polymorphism (SNP) markers. Most of the Chinook 
salmon were from the Upper Yukon, Coastal Western Alaska, and Middle Yukon stock groups. 
This study determined the freshwater origin of juvenile chum and Chinook salmon from the 
northern Bering and Chukchi seas during late-summer/fall based on genetic data and may be 
used to help guide future surveys of juvenile salmon abundance in western Alaska.   
 

Introduction 
 Both Chinook (Oncorhynchus tshawytscha) and chum (O. keta) salmon are high priority 
species whose management has significant allocation, conservation, and management 
implications. Over the last couple of decades, declines in both chum and Chinook salmon returns 
in some western Alaska drainages prompted various disaster declarations by the Governor of 
Alaska and federal agencies (Nelson, 2011). It is unclear why salmon returns have declined 
recently. There is some speculation that a significant source of mortality exists during the 
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transition when juvenile salmon migrate out of fresh water as fry and smolts into salt water 
(Healey, 1982). Understanding the migration dynamics of juvenile salmon stocks and their 
relative abundance at sea may help determine the stresses that salmon undergo during this 
transition and could possibly lead to future models of estimating adult returns. 

Juvenile chum and Chinook salmon were collected as part of annual U.S. BASIS cruises 
in the eastern Bering Sea since 2002. Juvenile chum salmon collected in 2002 and a subset in 
2007 were genetically analyzed (Farley et al. 2004; Kondzela et al. 2009); samples from other 
years remained unanalyzed until recently (Kondzela et al., in preparation). The 2002 sample set 
was collected in the eastern Bering Sea between lat. 58-63°N, in an area from west of the 
Kuskokwim River to west of the Yukon River mouth. The 2002 sample set was genotyped for 
allozyme markers; mixed-stock analysis of samples from five areas showed that most of the fish 
were from coastal western Alaska and fall-run Yukon River stocks. The fall-run Yukon fish were 
found predominantly west and south of the Yukon River mouth, but not in the area west of the 
Kuskokwim River mouth. Contribution from northern Russian stocks was observed in the most 
northern and western stations. The 2007 samples from just south of the Bering Strait were 
predominately from northern Russian stocks, but the samples from the Chukchi Sea were from 
Kotzebue and Norton Sounds. 

 Chinook salmon are the least abundant of the Pacific salmon species in Alaska (Healey 
1991). Not surprisingly, the number of juvenile Chinook salmon collected from the 2012 eastern 
Bering Sea survey was smaller than that of chum salmon. Genetic stock composition estimates 
for the 2002-2006 juvenile Chinook salmon samples from the eastern Bering Sea were 
completed by the Alaska Department of Fish and Game (ADF&G; Murphy et al. 2009), and the 
2009-2011 samples have recently been analyzed by the National Marine Fisheries Service 
(Murphy et al., in preparation). Juvenile Chinook salmon from those two multi-year datasets 
were primarily from Coastal Western Alaska, Middle Yukon, and Upper Yukon stock groups.    
 
 Our study reports the sample locations and genetic stock composition estimates for 
juvenile Chinook and chum salmon collected from the Bering Sea and Chukchi Sea on the 2012 
U.S. BASIS/Arctic Ecosystem Integrated Survey (Arctic EIS) research cruises. These results will 
help elucidate the migrations of juvenile salmon in western Alaska as they emigrate from 
freshwater to marine environments, and are expected to complement the mixed-stock analyses of 
the juvenile salmon samples collected from the eastern Bering Sea and Chukchi Sea in other 
years.  

   
 

Materials and Methods 
Sample Collection and DNA Extraction 

Juvenile salmon samples were collected in the Bering Sea and Chukchi Sea as part of the 
2012 U.S. BASIS/Arctic EIS surveys, following the methods described in Farley et al. (2005). 
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DNA was extracted from the tails or opercles of the juvenile salmon with a DNeasy® Blood and 
Tissue Kit (Qiagen, Inc., Germantown, Maryland)1 or Corbett reagents (Corbett Robotics Pty. 
Ltd., Australia), and processed with a X-Tractor Gene™ CAS-1820 robot as described by the 
manufacturer (Corbett Robotics). Extracted DNA was stored in 96-well DNA plates at -20ºC.   
 
Genetic Baselines  

Allele frequencies of the 381-population Pacific Rim chum salmon microsatellite 
baseline (Beacham et al. 2009) were downloaded from the Fisheries and Oceans Canada (DFO) 
Molecular Genetics web page (http://www-sci.pac.dfo-mpo.gc.ca/mgl/data_e.htm). Baseline files 
were created with Excel (Microsoft, Inc.) for 11 of the 14 markers that we routinely use in our 
laboratory for mixed-stock analyses (McCraney et al. 2012). The species-wide Chinook salmon 
baseline provided by the ADF&G (Templin et al. 2011) contains a set of 43 single nucleotide 
polymorphism (SNP) markers all of which were used in the stock composition analyses of our 
report. The SNP baseline contains genetic information for 172 populations of Chinook salmon 
grouped into 11 geographic regions.  
 
Genotyping – Chum Salmon 
 The juvenile chum salmon samples were assayed for 11 microsatellite loci (Beacham et 
al. 2009)–Oki100, Omm1070, Omy1011, One101, One102, One104, One114, Ots103, Ots3, 
Otsg68, and Ssa419–with a Qiagen® Multiplex PCR Kit following the manufacturer’s protocols. 
Thermal cycling for the amplification of DNA fragments with the polymerase chain reaction 
(PCR) was performed on a dual 384-well GeneAmp® PCR System 9700 (Applied Biosystems, 
Foster City, California). Samples from the PCR reactions were diluted into 96-well plates for 
analysis by a 16-capillary, 36 cm array on the ABI 3130xl Genetic Analyzer (Applied 
Biosystems).  
 

Genotypes were double-scored with GeneMapper® software, Version 4.0 (Applied 
Biosystems) and exported to Excel spreadsheets for further analysis. Of the 1,412 samples 
analyzed, 1,222 were genotyped for 8 or more of the markers (average 10.8 markers). The 
remaining 188 samples were deleted either due to a lower number of successfully genotyped 
markers or an excess of homozygosity; the data from one sample from each of two pairs of 
duplicates were deleted. Most of the loss of genotype data was associated with samples collected 
early in the survey. Quality control of sample handling and genotyping was examined by plating 
DNA from 12.5% of the successfully genotyped samples that were then re-processed for 
genotyping as described above. Overall, the genotyping error rate was <1%. 

 
 Microsatellite allele designations were converted to match those in the DFO chum 
salmon microsatellite baseline (Beacham et al. 2009) from a conversion table that was developed 

                                                      
1 Reference to trade names does not imply endorsement by the National Marine Fisheries Service, NOAA. 
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by genotyping samples shared between the laboratories. Converted genotypes were then 
formatted into mixture files that were compatible with BAYES software.  
 
Genotyping – Chinook salmon 

The juvenile Chinook salmon samples were genotyped for the 43 SNP DNA markers 
represented in the Chinook salmon baseline with a “Matrix-assisted laser desorption/ionization - 
time of flight” (MALDI-TOF) method performed by using a Sequenom MassARRAY iPLEX 
platform (Gabriel et al. 2009). In addition to internal MALDI-TOF chip controls, ten previously 
genotyped samples were included on each chip during the analyses and resulting genotypes were 
compared to those from ADF&G, which used TaqMan® chemistries (Applied Biosystems). 
Concordance rates of 99.9% between the two chemistries confirmed the compatibility of both 
genotyping methods. Of the 90 samples analyzed, 81 samples were successfully genotyped for 
35 or more of the 43 SNP markers (average of 41 SNPs).   
 
Stock Composition Analysis 

Stock composition estimates were determined with a Bayesian (BAYES; Pella and 
Masuda 2001) approach by comparing mixture genotypes with allele frequencies from reference 
baseline populations. For each BAYES analysis, Monte Carlo chains starting at disparate values 
of stock proportions for each region were configured such that 95% of the stocks came from one 
designated region with weights equally distributed among the stocks of that region. The 
remaining 5% was equally distributed among remaining stocks from all other regions. For all 
estimates, a flat prior was used for all baseline populations. The stock composition analyses were 
completed for a chain length of 10,000 with the first 5,000 discarded as burn-in and convergence 
of the chains to posterior distributions of stock proportions was determined with Gelman and 
Rubin (1992) shrink factors. 

 
Baseline evaluation 

The chum salmon baseline data were examined to determine major regional stock 
groupings of populations that would then be used for mixed-stock analyses of the chum salmon 
samples. Larger regional stock groupings can increase estimation accuracy and provide a means 
to compare similar studies. Population genetic structure was examined in two ways. First, 
structure was examined in the software NT-SYS (Applied Biostatistics, Inc.) with a principal 
coordinate analyses of chord distances (Cavelli-Sforza and Edwards, 1967) that were calculated 
from the allele frequencies of the baseline populations. Second, baseline simulation analyses 
were performed with SPAM software (Version 3.7; ADF&G, 2003) to evaluate the effectiveness 
of the baseline to allocate stocks to the correct regions. Hypothetical mixtures of 400 fish from 
single stock groupings were compared with the baseline to determine the percentage that 
reallocated back to the correct stock group. Simulations were done with baseline population 
resampling, a conservative method that incorporates the sensitivity of the baseline to small 
changes in allele frequency differences. 
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Results 
Sample collection and distribution 
 Between August 6 and September 26, 2012, stations along the eastern Bering Sea and 
Chukchi Sea shelf from longitudinal meridians 159-168°W and from lat. 60-69°N were sampled 
for juvenile chum and Chinook salmon. The sampling locations for the successfully genotyped 
juvenile chum and Chinook salmon are shown in Figures 1A and 1B, respectively. 
   
Chum salmon - stock composition 

The number of successfully genotyped juvenile chum salmon samples from each of the 
three areas depicted in Figure 1A is shown in Table 1. Stock composition estimates were made 
for the total 1,222 sample set and for each sample set from the three areas. When six large 
regional baseline stock groupings were used in the stock composition analyses, most of the 
juvenile chum salmon samples were estimated to be from the Coastal Western Alaska stock 
group. A smaller proportion from the Upper/Middle Yukon stock group was present in the 
Bering Sea, but absent in the Chukchi Sea (Figure 2A).    

To determine the relative contribution of more local stocks, the coastwide baseline was 
refined to 58 western Alaska/Arctic populations–from northern Bristol Bay to the Peel River in 
the Arctic–in five temporal-spatial stock groupings. The middle Yukon, including the Koyukuk 
and Tanana rivers, has both a summer and fall run of chum salmon. Some of the middle Yukon 
River populations were included with the Yukon Fall (upper river) stock group based on 
principle coordinate analysis of the baseline (not shown). The simulation results identify the 
difficulty of separating the coastal western Alaska chum salmon populations (Table 2); however, 
a stock composition analysis can provide at least a relative measure of contribution. Stock 
composition estimates made with this smaller baseline showed that samples collected between 
lat. 60-63°N were predominantly of Yukon River origin (Summer and Fall stock groups). About 
half the fish collected between lat. 64-66°N were from the Yukon River and most of the 
remainder from the Norton Sound stock group, whereas 94% of the Chukchi Sea collection was 
from the Kotzebue Sound stock group (Table 2B).  

 
Chinook salmon - stock composition  
 After SNP genotyping, the 81 juvenile Chinook salmon samples were analyzed as a 
single dataset due to the small number of samples available (Table 1). Based on the coastwide 
Chinook salmon baseline aggregated into 11 large regions, the juvenile Chinook samples 
allocated primarily to the Coastal Western Alaska, Middle Yukon, and Upper Yukon stock 
groups  (Figure 3A). The genetic variance for those estimates was relatively large, a result of the 
small sample set. To minimize potential cumulative effects from the misassignment of low stock 
estimates, the baseline was refined to the five most proximal Bering Sea stock groups and the 
mixed stock analysis was repeated. With a localized baseline, all samples allocated to the Coastal 
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Western Alaska and Yukon stock groups in proportions nearly identical to those estimated with 
the full baseline (Figure 3B). 

   
 

Discussion 
Juvenile chum and Chinook salmon samples were collected in late-summer/fall 2012 

from U.S. BASIS/Arctic EIS research surveys in the Bering Sea and Chukchi Sea. Genetic stock 
composition analyses show that juvenile salmon from multiple stock groups in western Alaska 
had migrated into the Bering and Chukchi seas at the time of the surveys. Due to the large spatial 
pooling of samples used in these analyses, the extent of population mixing on the continental 
shelf during the first summer at sea is not known. The stock estimates support an essentially 
westward (offshore) and southern migration of juvenile Chinook and chum salmon from the 
Yukon River. 

 
The stock composition estimates for chum salmon show that the Yukon River stocks 

were most common between 60-63°N, an area located just south of the river mouth. Given the 
genetic similarity between lower Yukon and Kuskokwim stocks, it is possible that some 
Kuskokwim fish could have misallocated to the Summer Yukon stock group (Table 2). However, 
the relatively minor contribution of the Kuskokwim/Northeastern Bristol Bay stock group to the 
60-63°N collection suggests that these southern Bering Sea stocks were not large contributors. 
The 2012 juvenile chum salmon samples from the Chukchi Sea were caught nearshore in mid-
August above Cape Lisburne, where sea surface temperatures in August-September were 
relatively warm (Lisa Eisner, unpublished data; 
https://web.sfos.uaf.edu/wordpress/arcticeis/?page_id=209, accessed 3/26/14). Results from our 
study corroborate those of a previous analysis in which Kotzebue stocks dominated the juvenile 
chum salmon samples collected in early September 2007 from nearly the same location in the 
Chukchi Sea (Kondzela et al. 2009). We speculate that survival of juvenile chum salmon in the 
Chukchi Sea requires migration southward before sea ice formation to overwinter in the southern 
Bering Sea. In 2012, chum salmon from the Kotzebue Sound region were not present in samples 
collected in the eastern Bering Sea, off the Yukon River more than a month after they were 
detected in the Chukchi Sea. Kotzebue region chum salmon are genetically distinct and the 2011 
parent abundance was high (Menard et al. 2012), so if the juveniles migrated south into the 
Bering Sea, perhaps they moved farther offshore than the area surveyed, or migrated south later 
in the season. The possibility of a later migration time is supported by the record low sea ice 
cover minimum in the Arctic Ocean in September 2012 (Perovich et al. 2013). 

 
Stock composition estimates for the 2012 juvenile Chinook salmon were similar to those 

from previous years (Murphy et al. 2009) with the Upper Yukon stock group having the highest 
contribution, followed closely by the Coastal Western Alaska and Middle Yukon stock groups. 
The Coastal Western Alaska stock group includes many populations south of the Yukon River 
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(Templin et al. 2011). Because juvenile Chinook from the Yukon River are thought to migrate 
offshore in a southwesterly direction (Farley et al. 2005), the Coastal Western Alaska portion of 
Chinook captured in the 2012 survey is likely to be from the lower Yukon River.  

 
The genetic data generated from our study will support ongoing investigations of Yukon 

River juvenile salmon migration, abundance, and the inter-annual variation of proportions of 
summer and fall-run chum salmon. The samples from 60-63°N contained the largest number of 
Yukon River chum and Chinook salmon, and given the wide interest in the salmon resources of 
the Yukon River drainage, supports future survey effort in that area of the eastern Bering Sea.  
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Table 1.  Number of genotyped juvenile chum and Chinook salmon collected between August 6 
and September 26, 2012 from the Bering Sea and Chukchi Sea research surveys. 
  

Location  
Date of chum 

collections 
Number of chum 

samples 
Number of 

Chinook samples 
60 to 63°N Sep 18-25 880 64 
64 to 66°N Aug 8, Sep 12-17 228 17 

69°N Aug 8 114 0 
Total  1,222 81 

 
 
Table 2.  Chum salmon baseline simulation analysis – 100% simulations for 5 western Alaska 
regions with 11 microsatellite loci. NEBB = northeastern Bristol Bay. 
  

                                               

Region  
Yukon 

Summer 
Yukon 

Fall 
Norton 
Sound 

Kuskokwim- 
NEBB Kotzebue 

Yukon Summer 0.799 0.047 0.070 0.217 0.019 
Yukon Fall 0.022 0.935 0.006 0.007 0.005 
Norton Sound 0.129 0.009 0.883 0.239 0.273 
Kuskokwim-NEBB 0.040 0.004 0.023 0.522 0.009 
Kotzebue Sound 0.005 0.001 0.014 0.003 0.666 
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Figure 1.  Sampling locations from the 2012 Bering Sea and Chukchi Sea research surveys: 
juvenile chum salmon in Panel A, and juvenile Chinook salmon in Panel B.  Relative sample 
sizes are indicated by the size of the blue dots. Areas A, B, and C in Panel A at lat. 69°N, 64-
66°N, and 60-63°N, respectively, encompass the three chum salmon sample sets used for stock 
composition analyses. 

A. 

 
B. 
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Figure 2.  BAYES stock composition estimates for juvenile chum salmon samples from the 
2012 Bering Sea and Chukchi Sea research surveys. Estimates from analyses that used a 
coastwide baseline (panel A), and a more localized western Alaska baseline (panel B). GOA = 
Gulf of Alaska, PNW = Pacific Northwest, NEBB = northeastern Bristol Bay 
 
A. 

 
 
B. 
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Figure 3.  BAYES stock composition estimates (± credible intervals) for juvenile Chinook 
salmon from the 2012 Bering Sea research survey. Estimates from analyses that used a coastwide 
baseline (panel A), and a more localized western Alaska baseline (panel B). 
 
A.  

 
B. 
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Abstract 
Scientists from the National Marine Fisheries Service (NMFS) will conduct a fisheries 
ocenographic survey during summer of 2014 within the southestern region of the Gulf of 
Alaska (GOA) to provide key ecological data on the pelagic ecosystem, examine 
oceanographic transport mechanisms, lower trophic level production, and age-0 marine fish 
and juvenile salmon distribution and condition.  Primary objectives of the survey will be to: 
1) collect biological information on ecologically important marine fish and salmon and 2) 
describe the physical and biological conditions of the GOA 
 
Introduction 
 
Scientists from the National Marine Fisheries Service (NMFS) will conduct a fisheries 
ocenographic survey during summer of 2014 within the southestern region of the Gulf of 
Alaska (GOA) to provide key ecological data on the pelagic ecosystem, examine 
oceanographic transport mechanisms, lower trophic level production, and age-0 marine fish 
and juvenile salmon distribution and condition.  Primary objectives of the survey will be to: 
1) collect biological information on ecologically important marine fish and salmon and 2) 
describe the physical and biological conditions of the GOA. 
 
Survey 
 
A survey of epi-pelagic fish species, zooplankton, ichthyoplankton, and 
oceanographic measurements will be conducted at predetermined survey stations 
within the southeastern GOA during summer aboard a contracted stern ramp 
trawling vessel.  The survey will begin 5 July 2014 in Juneau, Alaska and end on 27 
August 2014 in Juneau, Alaska with a total duration of 43 survey days (Table 1). 
 
Fish samples will be collected using a midwater rope trawl and the trawl will be towed at or 
near the surface for 30 minutes at speeds between 3.5 and 5 kts at each station. 
 
All fish species will be counted and standard biological measurements including length and 
weight will be taken from subsamples of each species.  Marine fish and juvenile salmon 
will be collected for food habits and laboratory analsyes.  Biological and physical 
oceanographic data will be collected at each trawl station.   
  
Table 1. Tentative cruise itinerary for the Gulf of Alaska research cruise, July 5 - August 
27, 2014. 
 
 
Date  Location/Activity 
 
LEG 1a 
Jul 5  Embark scientific party / load gear / depart Juneau, AK 

 1
Jul 6-14 Sample southeastern grid stations working from south to north (Fig. 1) 



Jul 15 Inport Sitka, crew change 
 
LEG 1b 
Jul 16-24 Sample southeastern grid stations working from south to north (Fig. 1) 
Jul 25 Inport Juneau 
 
LEG 2a 
Aug 4 Embark scientific party / load gear / depart Juneau, AK 
Aug 5-14 Sample southeastern grid stations working from south to north (Fig. 1) 
Aug 15 Inport, Yakatut, crew change 
 
LEG 2b 
Aug 16-25 Sample southeastern grid stations working from south to north (Fig. 1) 
Aug 26 Transit to Juneau, AK 
Aug 27 Inport Juneau, AK 
 
 
 

 
 
Fig. 1.  Proposed southeastern GOA survey stations for the Gulf of Alaska Project. 
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ABSTRACT 

This cruise plan outlines the dates, locations, and activities of a fisheries oceanographic 

survey conducted in the southeastern Bering Sea during late summer and fall 2014.  This 

survey is in part a continuation of the Bering Aleutian Salmon International Survey 

(BASIS).  The primary objectives are to collect biological information on important  fish 

species and describe the physical and biological oceanographic conditions in the 

southeastern Bering Sea.       

 

Introduction 

Scientists from the National Marine Fisheries Service (NMFS) and the Pacific Marine 

Environmental Laboratory (PMEL) will conduct a survey during late summer and fall 2014 

within the southeastern Bering Sea to provide key ecological data on the pelagic ecosystem.  

The survey is conducted as part of the Bering Aleutian Salmon International Survey 

(BASIS) phase 2 research plan.  Primary objectives of the survey will be to: 1) collect 

biological information on ecologically important fish species, and to 2) describe the 

physical and biological oceanographic conditions of the southeastern Bering Sea waters.  

 

Survey 

A survey of epi-pelagic fish species, zooplankton, ichthyoplankton, and 

oceanographic measurements will be conducted at stations within the eastern Bering 

Sea aboard the NOAA Ship Oscar Dyson.  The survey will begin 17 August 2014 in 

Dutch Harbor, Alaska and end on 14 October 2014 in Kodiak, Alaska, for a total of 

53 sea days (Fig. 1; Table 1).  

 

The cruise will be conducted aboard the NOAA ship Oscar Dyson.  Fish samples will be 

collected using a midwater rope trawl.  At each station, the net will be towed at or near the 

surface for 30 minutes at speeds between 3.5 and 5 kts.   

 



All fish species will be counted and standard biological measurements including length and 

weight will be taken from subsamples of each species.   

 

Biological and physical oceanographic data will be collected at each trawl station as well as 

opportunistically during the survey.   

  

Table 1. Tentative cruise itinerary for BASIS research cruise – R/V Oscar Dyson, August 
17 to October 14, 2014. 
 
Date  Location/Activity 
 
LEG 1 
Aug 15-16 Embark scientific party/Load Gear (Dutch Harbor, AK) 
Aug 17   Depart Dutch Harbor, AK 3:00pm; transit to Bering Sea 
Aug 18-Aug 30 Complete Station grid working north and south, along transects between 

160W to 165W (Fig. 1) 
Aug 31 Inport Dutch Harbor, AK 9:00am, crew change 
 
LEG 2 
Sep 3 Embark scientific party/Load Gear (Dutch Harbor, AK) 
Sep 4 Depart Dutch Harbor, AK 3:00pm, transit to 165W 
Sep 5-17 Complete Station grid working north and south, along transects 165W to 

170W (Fig. 1) 
Sep 18 Inport Dutch Harbor, AK 9:00am, crew change 
 
LEG 3 
Sep 21 Embark scientific party/Load Gear (Dutch Harbor, AK) 
Sep 22 Depart Dutch Harbor, AK 3:00pm, transit to 170W 
Sep 23-Oct 12 Complete Station grid working north and south, along transects 170W to 

172W (Fig. 1) 
Oct 14 Inport Kodiak, AK 9:00am, unload gear 
Oct 15 Scientists depart Kodiak, AK 
 

 2



 Fig. 1.  Proposed survey stations for the BASIS research cruise along the eastern Bering 
Sea, August 17 to October 14, 2014 on board the R/V Oscar Dyson.   
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Abstract 
The overarching objective is to understand the distribution of Pacific salmon in relation to 
oceanographic features that can be measured remotely from satellites or other global ocean 
observing assets. This first pilot project examined the relation between salmon and sea surface 
temperature. An historical data analysis and literature review was conducted to develop and 
understanding of monthly sea surface temperature frequency distributions where pink salmon 
and sockeye salmon were caught beyond territorial limits in the North Pacific Ocean, particularly 
in the Gulf of Alaska where British Columbia salmon are known to be abundant. For 
comparison, a preliminary exploration of the northwestern North Pacific was conducted using 
Hokkaido University's HUFODAT database to understand the relationship between salmon 
distribution there and sea surface temperature. Maps of suitable thermal habitat for pink and 
sockeye salmon in the Gulf of Alaska were computed for the months April through July 2013 
using the NOAA/OIv2SST 1° x 1° lat/long. database. Extrapolation of suitable thermal habitat, 
based on measurements in the Gulf of Alaska, to the northwestern North Pacific did not 
accurately represent known distributions. Salmon are known to be subarctic animals, so the 
monthly position of the Subarctic Boundary was computed monthly for 2013 using salinity data 
that are transmitted from profiling lagrangian floats (deployed by Project Argo) to the US-
GODAE Argo server. While the Subarctic Boundary may potentially be a relevant feature in the 
northwestern North Pacific, in the eastern North Pacific, it veers sharply southward and does not 
correspond with the known offshore limits to salmon distribution. SST frequency data where 
salmon have been known to be caught, combined with the monthly SST data described above for 
2013 produced monthly coloured maps of salmon relative vulnerability to IUU fishing at 1° x 1° 
lat/long. Vulnerability is a function of the overlap of the salmon-SST probability distribution 
function (pdf) with the SST pdf. No overlap indicates no vulnerability to IUU fishing, and 
complete overlap indicates high exposure. Mismatches in some regions between suitable thermal 
habitat and known salmon distributions suggests that surveillance planning will require a more 
comprehensive view of salmon oceanic habitat than can be ascertained from SST alone. Ocean 
colour, hydrography, and altimetry are sources of additional information that could be fruitfully 
explored, perhaps within the context of an ocean circulation model.  
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0. SALOSIS - SALmon Ocean Surveillance Information System 
The over-arching objective is to develop SALOSIS as an information and planning support 
system for operational aerial surveillance missions by enforcement agencies of North Pacific rim 
salmon producing nations. Remotely-sensed oceanographic data obtained from satellites can be 
combined with related ocean observing assets and ocean models to generate nowcast and 10-day 
forecast maps of salmon habitat based on historical salmon and oceanographic data, and relative 
vulnerability to Illegal, Unreported, or Unregulated (IUU) fishing for salmon on the high seas. 
The initial step is to explore the association between salmon abundance, distribution, and sea 
surface temperatures as these data are obtained reliably by satellites.  
 
1. Ancient History of High Seas Surveillance 
In the mid-1980s, governments became interested in the activities of large-scale pelagic high 
seas fisheries that operated broadly across the Pacific Ocean (Burke et al. 1994). Initially, the 
major political issue in North America was the potential for interception of salmon of North 
American origin by fleets operating near the Subarctic North Pacific. Under increasing political 
pressure, Canada, Japan, and the U.S. negotiated two pilot programs in the spring of 1989 to 
place scientific observers on the Japanese squid driftnet fleet (Fitzgerald et al. 1993). These 
programs augmented high seas scientific research programs that were already in place to 
investigate the issue (Bernard 1986; LeBrasseur et al. 1987).  
 
In June 1989, a letter from staff of the Pacific Biological Station was written to the Commander 
of Maritime Forces – Pacific to inform the Commander about the seasonally varying boundaries 
of the high seas squid driftnet fleet, and the need for information about vessel abundance and 
location, whether fishing within or beyond the boundaries. In response, regular aerial 
surveillance of North Pacific region of interest was initiated that summer by the Canadian 
Department of National Defence (DND). Flights included a Canadian fisheries biologist from the 
Pacific Biological Station to help the crew to identify appropriate fishing vessels and any species 
found on-deck or in nets (McKinnell 1989). Focusing on the Gulf of Alaska, the circuit followed 
a general path from Comox, BC to Allendorf Air Force base in Anchorage, Alaska to Hickam 
Air Force base in Hawaii and back to Comox. Belly mounted cameras in the Lockheed Orion 
surveillance aircraft were capable of providing high resolution photographs of any fishing 
vessels that were detected (Figure 1).  
 
The first science-enforcement coordinating meeting between the U.S. and Canada was convened 
in Esquimalt, BC in the spring of 1990. Mr. William Lutton, Office of Enforcement/NOAA 
represented the United States. Messrs. McKinnell and T. Gjernes represented DFO/Science, and 
Col. Thomas led the DND participants. The most noteworthy outcome of that meeting was a 
realignment of areas of surveillance responsibility after discovering that there was significant 
geographic overlap between agencies (DND and US Coast Guard) in the regional coverage. 
Science provided a knowledge of fleet locations and behaviour and information on the known 
distributions of flying squid and salmon and their temperature preferences. The practice of 
enforcement coordination was formalized in the ENFO Committee when NPAFC was 
established in 1993 (Figure 2). 
 
Optimizing the flight paths for aerial surveillance to focus on regions where Pacific salmon are 
expected to be depends on the abundance of salmon and their distribution, and these differ 
somewhat among species and among years. An optimal path also depends on whether the goal is 
to survey any location where a salmon may be found, or the areas where the greatest abundance 
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of salmon is likely to be found. The optimal flight path may also be affected by a species of 
greatest interest, or perhaps greatest value. In general, catches of Pacific salmon on the high seas 
have a contagious distribution, i.e. there are many locations with lower catches and fewer 
locations of high catches. In some parts of the North Pacific, especially the warmer subtropical 
waters, Pacific salmon have never been caught. Various hypotheses have been developed to 
suggest what causes this distribution. Maturing salmon will behave differently from immature 
feed salmon and that in turn will give rise to different geographical patterns. The abundance of 
the prey of salmon tends to have the same property of contagious distribution as the salmon. 
What occurs at the margins of distributions has been a popular topic. The thermal limit 
hypothesis (Welch et al. 1995, 1998) posed that a critical SST is the sole determinant of the 
southern distribution of salmon. Below the critical temperature, SST has no influence on their 
distribution. The hypothesis has been updated to include distribution in relation to salinity 
(Azumaya et al. 2007) but the focus of this pilot study is surface temperature. The thermal limit 
hypothesis will generate different expected distributions from a model where salmon are 
imagined to have a thermal preference, but are found both above and below their thermal 
preference. Although there are many similarities, the northwestern and northeastern North 
Pacific also have many differences (Beamish et al. 1999). 
 
2. Northwestern Pacific 
The HUFO-DAT database was created recently by Hokkaido University. This university has 
been deploying Training Vessels (TV) to the high seas since the mid-1950s. A major part of their 
training activities was the collection of salmon abundance data based on fishing with research 
gillnets (multiple mesh sizes), and the collection of associated oceanographic data. The database 
provides a unique opportunity to examine the relationship between salmon abundance and 
oceanography, including SST. Beginning in 1982, the cruises of the Training Vessel Hokusei 
maru changed location to focus its spring surveys on the North Pacific Transition Region, with 
repeated sampling for many years along the 155 ± 1°E meridian (Figure 3). By repeatedly 
occupying the same stations along a narrow band of longitude, it is possible to examine in some 
detail how the distributions changed, or did not, from year to year.  
 
From 1982 to 2007, the total numbers caught were: 9 sockeye, 7,357 chum, 25,902 pink, 511 
coho, 70 chinook, and 74 steelhead trout. These results indicate that the species with greatest 
exposure to IUU fishing along the southern part of the 155 ± 1°E meridian are chum salmon and 
pink salmon. 
 
2.1 Pink and chum salmon 
The abundance of Asian pink salmon is known to differ significantly between odd and even 
years, with odd years more abundant (Radchenko et al. 2007). Based on national catches 
reported to the NPAFC between 1981-2007, average coastal catches of Asian pink salmon during 
these years were significantly different (ANOVA, P<0.03). However, no significant differences 
were found between the average abundances of pink salmon in odd and even years during the 
Hokusei maru surveys on 155°E (ANOVA, P>0.2). Fifty percent of the samples were taken 
between June 9-26, but the total range of dates during these years varied from May to July. 
These results suggest either that the gillnet research sampling was not adequate to provide a 
general index of abundance, or that the stations occupied by the Hokusei maru on the 155°E 
meridian were distant from the general centre of abundance of pink salmon. The latter appears to 
be the case, because prior to 1980 when the Hokusei maru occupied more northerly stations on 
the 155°E meridian, there was a strong difference between the average pink salmon catches on 
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the Hokusei maru in odd years and even years (ANOVA, P<0.01). Fifty percent of the samples 
in the years before the 1980s occurred between July 9 – August 4, or about 1 month later than the 
period after 1980. 
 
Based on extensive high seas surveys that occurred before 1980, the preferred range of SST for 
maturing pink salmon is 4-11°C while the tolerable range is 3-15°C (Takagi et al. 1981). Pooled 
across all years, the distributions of SST where pink salmon were caught on the 155°E meridian 
and where they were not caught are significantly different, but there is no evidence in these data 
of an abrupt upper limit (Figure 4 and 5). The shape of the distribution is nearer to Gaussian than 
a knife edge. 
 
At northern stations before 1980 the average SST where pink salmon was caught (9.0°C) was 
significantly higher than the average SST in sets where pink salmon was not caught (8.0°C). At 
the southern stations after 1980, the average SST in sets were pink salmon was caught (9.9°C ) 
was significantly cooler than stations where pink salmon was not caught (17.6°C ).  
 
2.2 Southern limits to distribution  
The annual regularity of fishing locations along 155°E spanning the subarctic-subtropical 
transition zone provides an opportunity for close examination of the oceanic properties at the 
southernmost locations where salmon catches have occurred each year. From 1982 to 2007, the 
average latitude where the southernmost catches of pink salmon occurred was at 41° 20' N (95% 
c.i. = 40° 51'N - 41°53'N). The average SST at the southernmost station where pink salmon were 
caught was 14.2°C (c.i. 12.4°-15.9°C). The 3.5°C wide confidence interval indicates that the 
mean SST is quite variable at the southernmost location of pink salmon catch. The coefficients of 
variation for latitude of southernmost catch and SST at southernmost catch are 3.2% and 32%, 
respectively. The “order of magnitude” lower coefficient of variation for latitude indicates that 
latitude was a better guide to determining the southern distribution of pink salmon than SST 
along 155°E from 1982 to 2007. This suggests that in the western North Pacific, surveillance 
activities in search of vessels actively fishing for pink salmon need fly no further south than 
approximately 40°N in offshore regions near 155°E.  
 
Very similar results were obtained for chum salmon where the average southernmost latitude 
was 40°34' N (c.i. 39°54' N - 41°13' N ) and SST – 12.8°C (c.i. 13.1°C – 16.6°C). Coefficients of 
variation were also very similar to pink salmon (4.1% for latitude and 30% for SST). The 
confidence intervals for the average locations of southernmost catches of pink salmon and chum 
salmon have a broad overlap, as do the average SSTs. From this, one might imagine that a 
similar factor or factors are regulating their southernmost distributions. As the major geostrophic 
currents in the region have a relatively constant latitude, one can imagine that this major 
transition is a potential limit to their southern distribution in spring. Gradients in other properties 
at the transition are also evident (Figure 6). 
 
In a similar analysis of 410 fishing operations in the Gulf of Alaska (east of 179°E), the pattern 
that emerges is not so different from what is described above. The distribution of SSTs where 
pink salmon were caught tended toward a Gaussian, with a mean temperature of 9.9°C (95% c.i.: 
9.6° - 10.1°C) which is not significantly different from that observed in the western North 
Pacific. The mean SST in sets where pink salmon were not caught was 13.9°C. However, as 
longitude accounted for 56% of the variation in SST in June longline stations in the Gulf of 
Alaska, the effect of longitude on the relationship between catch and SST needs to be 
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considered. Sampling in June of 1962 and June of 1966 was so widespread in the Gulf of Alaska 
that it was possible to determine that the (linear component of the) relationship between SST and 
longitude did not differ among these two years. There was no significant relationship between 
SST and latitude, probably because the isotherms curve northwards in the eastern Gulf of Alaska. 
 
2.3 Sockeye salmon 
Sockeye salmon were not caught on the 155°E meridian in sufficient abundance after 1982 to 
understand their distribution in relation to SST.  
 
3. Northeastern Pacific 
Most of what is currently known of their distributions in the Gulf of Alaska was learned by 
Canadian scientists fishing on the high seas during the period from the 1950s to 1970s (Takagi et 
al. 1981). During the late 1980s and early 1990s, smaller research programs focused on 
understanding the southern limits to distribution (McKinnell et al. 1989, Welch et al. 1995), and 
to learn about their distributions in winter (Welch et al. 2002A, 2002b, 2002c). Since the late 
1990s, Canadian and American research directed at the biology of salmon at sea has focused on 
juveniles migrating along the continental shelf so there are no contemporary data on their 
oceanic distribution (Fisher et al. 2007, Tucker et al. 2009).  
 
During the 1960s, Canada and the U.S.A. developed an ambitious high seas sampling program in 
the Gulf of Alaska that relied on catching, tagging, and releasing salmon caught with surface 
longlines to examine the possibility of providing forecasts of return abundance (Shepard et al. 
1967). Unlike gillnets, the longlines were deployed and retrieved quickly so they could provide 
an abundance of live salmon to tag and release.  
 
The longline gear and methods were developed in Japan but were adopted for use in the Gulf of 
Alaska by Canada and the USA. Hooks baited with small dried fishes (e.g. kata kuchi iwashii - 
salted anchovy) were deployed at nautical twilight and retrieve shortly thereafter. The gear 
appeared to be equally effective at catching all species that were present. Chinook salmon were 
rarely caught on the high seas. Effectiveness of the gear, however, relies on a willingness of fish 
to take the bait. In most years, sampling during the 1960s was sufficiently widespread in the Gulf 
of Alaska to understand the seasonal distribution of salmon from April until August. 
Contemporary understanding of salmon distributions relies heavily on these data as equivalent 
surveys have not occurred since then. Inferring distribution from longline catches assumes that 
salmon are equally likely to encounter the gear and equally likely take a baited hook throughout 
the Gulf of Alaska. While this assumption may not hold in coastal waters where a spawning 
anorexia develops near their rivermouths, at the present, there is no reason at the moment to 
assume otherwise for the high seas. 
 
3.1 Pink salmon 
Pink salmon migrate to sea as underyearlings so they do not spend significant amounts of time 
rearing in freshwater after emerging from the spawning gravels. Mortality is likely high during 
the initial weeks in the sea, but growth is rapid for the survivors. In summer, juvenile pink 
salmon have been be found migrating along the continental shelf, generally in a 
counterclockwise direction around the Gulf of Alaska (Perry et al. 1996). No fisheries, legal or 
otherwise, are directed at this life-history stage. Winter distributions of pink salmon in the Gulf 
of Alaska are not well known because of the difficulty of fishing with nets or longlines in 
inclement weather. As pink salmon mature and spawn at two years old, only a single cohort can 
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be found in the ocean at any one time, except for the brief period in spring/summer the outgoing 
juveniles and the maturing adults are at sea but in different parts of the ocean.  
 
While many pink salmon may begin their oceanic life in the northern Gulf of Alaska on the 
continental shelf, by April they have abandoned the shelf region and the northern Gulf of Alaska 
and are found only in the southern Gulf of Alaska, predominantly in the southeastern part near 
the British Columbia Bifurcation of the North Pacific Current (Figure 8). Their distribution 
spreads northward with the season, presumably because feeding and spawning migrations are 
affecting where they are found.  
 
3.2 Sockeye salmon 
What is evident in the data for all years combined is that sockeye salmon in the Gulf of Alaska 
were rarely missing from longline sets that occurred in spring within a range of SSTs from 4-
6°C, whereas pink salmon were not often caught at these colder SSTs in spring. For the most 
part, this is because the two species are inclined to occupy different parts of the Gulf of Alaska at 
the end of winter, with pink salmon in the south and sockeye salmon in the north. This may help 
to explain how two species with rather similar oceanic diets are partitioning the oceanic habitat. 
With adequate food, the warmer temperatures in the southeastern Gulf of Alaska may facilitate 
the rapid growth that is required by pink salmon to reach maturity at two years of age. There is 
evidence that the distribution of SSTs where sockeye salmon were caught is bimodal, with a 
second mode in the 10-12°C range. This is readily apparent in 1962, 1967 and all years 
combined (Figure 9). These sets at the higher mode generally occurred along the eastern border 
of the Gulf of Alaska in the region of the Alaska Current. 
 
4. Subarctic Boundary 
Pacific salmon are a subarctic fauna so a comparison of their distribution with that of the 
subarctic North Pacific may provide some useful insights. The Subarctic Boundary is the 
southernmost extent of the subarctic North Pacific. Historically it has been defined as the 
location where the 34 psu isohaline reaches the ocean surface (Dodimead et al. 1963). Its 
location was determined by oceanographic vessels on meridional transects across the subtropic-
subarctic transition. These cruises occurred relatively rarely compared to the large-scale 
coverage now available through Project Argo since 2003. Azumaya et al. (2007) found that some 
species of salmon were found in surface waters beyond the Subarctic Boundary but these 
incidences were likely rare.  
 
Monthly contours of the 34 psu isohaline at ~5 m depth (uppermost measurement provided by 
each profiling float) were computed using the kriging algorithm in Surfer 12 for latitudes north 
of 35°N for the months April through August of 2013 (Figure 11). From its location in 2013, 
centred on 40°N, it appears that the Subarctic Boundary may play a role in determining the 
southern limits to salmon distributions in the western North Pacific. It is a region of strong 
gradients in several oceanic properties so understanding which is affecting distribution is a 
challenge (Figure 6). However, the Subarctic Boundary was clearly not of much relevance to 
salmon distribution in the eastern North Pacific. In 2013, and likely in other years as well, it had 
a strongly zonal orientation (east-west) from the coast of Japan to about 205°E (155°W). 
Thereafter, it swung southward to latitudes where salmon have never been caught, at least 
beyond national jurisdictions (Figure 8 and 10). Other hydrographic properties in the eastern 
North Pacific, such as the location of the North Pacific Current may provide a more meaningful 
representation of salmon habitat in the eastern North Pacific than the Subarctic Boundary. 
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5. Suitable Thermal habitat 
The range of temperatures where fishes are caught is bounded by observed extremes that vary by 
species, population, season, or developmental stage. As a subarctic fauna, the Pacific salmon 
tend toward the lower part of the oceanic thermal range. Temperatures experienced in freshwater 
can be considerably higher than those encountered at sea, but the focus of this discussion is the 
oceanic domain. For the moment, consider that suitable thermal habitat is a range of SSTs, 
calculated monthly by species, where salmon were caught on longlines during the high seas 
surveys of the 1960s (1436 longline sets). One can imagine that if these observed temperatures 
are physiological preferences, that the relationship between the incidence of salmon and the 
SSTs where they are found would not change substantially in the 60 year period since those 
observations were made. Using this rather major assumption, it is possible to examine 
contemporary SSTs provided by global remote sensing programs to develop contemporary 
distributions of suitable thermal habitat. The colours of Figure 12, for example, show the suitable 
thermal habitat for four months in the spring and summer of 2013. Historical fishing effort was 
greatest from April to June and tended to diminish in July and August, with very few sets in the 
fall and winter months.  
 
The lower 25% of SSTs where salmon were known to be caught and the upper 25% of SSTs are 
coloured in yellow, while the middle 50% of SSTs are coloured red. SSTs where salmon were 
not caught in the Gulf of Alaska in the 1960s are coloured in white in Figure 12. The region of 
suitable thermal habitat available to salmon in the Gulf of Alaska was qualitatively similar to 
what was found there during the 1960s. In some months, the thermal habitat of pink salmon that 
was available in 2013 was much larger than what was actually occupied by pink salmon during 
the 1960s. This suggests that other factors are important for determining their distribution.  
 
Thermal limits reported by Azumaya et al. (2007) were narrower for sockeye (3.3-13.3°C) for 
sockeye and broader (2.8-16.6°C) for pink salmon. The differences may have arisen from various 
causes but care should be taken when interpreting all results of this kind to distinguish true 
physiological limits from simple observed ranges. The latter may be known, but the former may 
be more difficult to understand.  
 
6. Thermal limit hypothesis 
While there is widespread agreement that Pacific salmon are not found in subtropical waters of 
the North Pacific, there are differing opinions of what regulates their distribution within the 
Subarctic North Pacific. Welch et al. (1995, 1998) suggested that the southern limit of the 
distribution of Pacific salmon in the North Pacific Ocean was determined solely by a critical 
surface temperature beyond which salmon would not pass. Estimates of the critical values were 
determined by fitting an edge model that described the relationship between average salmon 
abundance and temperature as a cumulative normal curve with the critical SST as the point of its 
inflection. These thermal limits in spring differed for each species: 10.4°C for pink and chum 
salmon, 9.4°C for coho salmon, and 8.9°C for sockeye salmon. Estimates of uncertainty in the 
critical limit were nil for pink and chum, 0.3°C for coho salmon and 0.2°C for sockeye salmon. 
Data for the study were obtained from two cruises of the R/V TINRO in the Gulf of Alaska in 
April/May 1990, and from three Canadian research cruises in June/July of 1987, 1988, and 1990. 
There were significant differences among the critical thermal limits measured by the three gear 
types (longline, trawl, gillnet) but no explanation was offered. If the limit to salmon distribution 
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is a critical field for planning surveillance activities, the data provided by Hokkaido University 
suggests that it may be instructive to delve more deeply into the hypothesis. 
 
In April and May for both sockeye salmon and pink salmon, suitable thermal habitat defined by 
observations in the Gulf of Alaska provides for only a narrow region of suitable habitat in the 
western North Pacific. One explanation is that the associations between temperature and 
distribution in the Gulf of Alaska are purely coincidental and not an inherent property of the 
species. Another possibility is that Asian and North American salmon populations have adapted 
or evolved to have different thermal preferences and/or limits.  
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Table 1. Minimum, maximum and quartiles of sea surface temperatures where sockeye salmon 
(pink salmon in parentheses) were caught during longline surveys in the Gulf of Alaska from 
1961-1967. The distributions of these temperatures in equivalent months in 2013 can be seen in 
Figure 12. 
 

Month Minimum 25% 75% Maximum 
April 3.0 (4.0) 4.3 (5.7) 6.1 (8.1) 9.5 (10.2) 
May 3.9 (4.2) 5.5 (6.5) 7.5 (8.8) 10.0 (11.6) 
June 5.7 (5.9) 8.0 (8.25) 10.6 (10.75) 12.6 (12.8) 
July 7.3 (9.4) 10.5 (10.5) 12.05 (11.9) 14.5 (13.9) 
 



 

 

 
Figure 1: Aerial surveillance photograph of an high seas squid driftnet fishing vessel (Photo 
credit: DND). 
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Figure 2: Locations of IUU fishing vessels from 1993 to 2011 with precise locations. Vessels 
with imprecise location information are not shown. 
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Figure 3: Latitudes sampled by research gillnets deployed by the T/V Hokusei maru (Hokkaido 
University) along the 155°E meridian. 
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Figure 4 Distribution of SST where pink salmon were caught in research gillnets along the 
155°E meridian from 1982-2007 (Data Source: HUFO-DAT Vol. 2) 
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Figure 5: Distribution of SST where chum salmon were caught in research gillnets along the 
155°E meridian from 1982-2007 (Data Source: HUFO-DAT Vol. 2) 
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Figure 6: Dissolved oxygen (micromole per kg), Temperature, Salinity, and Density in the region 
of the 155°E meridian based on Project Argo profiling floats. 
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Figure 7: Sea surface temperatures where pink salmon were/were not caught in the Gulf of 
Alaska from 1961-1967 and all years combined (top left panel).  
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Figure 8. Contours indicate the average cpue (loge transformed) of pink salmon in April, May, 
and June based on Fisheries Research Board of Canada longline surveys from 1961-1967. 
Reddish colours indicate high average abundance and bluish colours indicate low cpue. The 
colour scale is identical in each panel. The jagged perimeter of the contour region indicates the 
envelope where sampling occurred. 
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Figure 9: Sea surface temperatures where sockeye salmon were/were not caught in the Gulf of 
Alaska from 1961-1967 and all years combined (top left panel).
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Figure 10: Contours indicate the average cpue (loge transformed) of sockeye salmon in April, 
May, and June based on Fisheries Research Board of Canada longline surveys from 1961-1967. 
Reddish colours indicate higher average abundance and bluish colours indicate low cpue. The 
colour scale is identical in each panel. The jagged perimeter of the contour region indicates the 
envelope where sampling occurred. 
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Figure 11: Location of the Subarctic Boundary (34 psu) by month estimated by a kriging 
algorithm applied to profiles from Project Argo database. Colours represent months: April 
(blue), May (green), June (yellow), July (orange), August (red).  
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Figure 12. Colours indicate the distribution of salmon thermal habitat in 2013 by month and 
species, based on sea surface temperatures (SST) where longline catches of salmon occurred in 
the Gulf of Alaska from 1961-1967. White indicates SSTs where salmon were not caught during 
that era. The red zone indicates the thermal habitat where 25-75% of all catches occurred. 
Yellow zones indicate SSTs where the coldest and warmest 25% were caught.  
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Abstract 

 

Total catch of chum salmon was 95,057 fish or 218.6 metric tons in 2013. The total fries of chum 
salmon released was 28,250 thousand fish in 2014 (2013 brood). 
 
 

Statistics of chum salmon catch 
Total catch of chum salmon was 95,057 fish or 218.6 metric tons (MT) in 2013. Among these, 
53,388 fish or 122.7 MT were caught from the coastal areas for the commercial purpose (i.e., 
mostly set-net fishery) and 41,669 fish and 95.8 MT from the river for artificial propagation in 
hatchery (Table 1). Chum salmon were caught in the coasts (56.1%) and rivers (43.9%). Average 
weight of chum salmon in 2013 was 2.30kg, while 2.04kg in 2012. 
 
Table 1. Chum salmon catch by area and region from Republic of Korea in 2012 and 2013 

2012 2013 

Area Region (Province) 
Number 

(Ind. of fish) 
Weight 
(MT) 

Number 
(Ind. of fish) 

Weight 
(MT) 

Coast Eastern coasts 20,965 42.8 54,846 218.6 

River Gangwon Province 12,557 25.6 38,379 88.2 

Gyeongbuk Province 1,295 2.6 1,335 3.0 

Ulsan City 592 1.2 1,788 4.1  

Jeonnam Province 79 0.2 162 0.3 

 Others 3 0.006 5 0.01 

Total 35,491 72.4 96,515 218.6 
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Release of chum salmon fries 
The total released fries of chum salmon were 9,710 thousand fish in 2013 (2012 brood) and  
28,250 thousand fish in 2014 (2013 brood) (Table 2). 
 
Table 2. Chum salmon releases by hatchery and river from Republic of Korea in 2013 and 2014 

No. of Release (thousand fish) 
Province 

Hatchery/Location 
(Main river) 2013 2014 

Gangwon 
Yangyang  

(Namdae-cheon) 
6,500 21,000 

 
Samcheok  

(Maup-cheon) 
1,900 3,750 

Gyeongbuk 
Uljin  

(Wangpi-cheon) 
900 2,500 

Jeonnam 
Gurye 

(Seomjin-gang) 
140 650 

Gyeongnam  270 350 

Total  9,710 28,250 
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Korean Research Plan for Salmon in 2014 
 

Keywords: survival, growth rate, climate change, otolith thermal marking, stock identification,   
    chum, cherry salmon 

 
Salmon are political resources due to the characteristics of transboundary distribution and 

economic importance. The interest in chum salmon biology in Korea was much increased since 
the establishment of the Yangyang Salmon Station (formerly Cold-water Fish Research Center) 
of Korea Fisheries Resources Agency 1980s. The enhancement program of chum salmon has 
been expanded thereafter, so that chum salmon were transplanted 18 streams in the coast of the 
Korean Peninsula. On the other hand, however, the ecological research on salmon species was 
very limited until recently due to the lack of research program. Though the involvement to the 
North Pacific Anadromous Fisheries Commission (NPAFC) requires scientific investigation on 
salmon research of each member nation, the conspicuous increase in research funding was not 
achieved. Oceanic environments have been rapidly altered by climate change during the last a 
few decades and ocean ecosystems including salmon populations will be modified under the 
global warming situation. Especially, a special intention is needed for stocks in southern 
boundary of distribution such as Korean chum salmon.  

 
 
1. To reveal the mechanisms of mass mortality of chum salmon during their early life in rivers 
and coastal areas in conjunction with the fluctuation of return rates, we will carry out the 
researches as follows; 

 
(1) Identification of prey and predator species for juvenile salmon in the rivers and coastal 

areas, 
(2) Stage-by-stage estimation of survival rate after releasing in the rivers and coastal areas, 
(3) Monitoring of environmental factors in the river and coastal areas, 
(4) Examination of growth rate during the early life history using otolith and compare the 

growth rate between released juvenile salmon and wild juvenile salmon, and  
(5) Investigation on the optimal releasing period for juvenile salmon.  
 

2. Climate change effects on salmon distribution, migration route, and abundance will be 
investigated. This research includes  
 

(1) Continuous monitoring activities on environmental conditions in the Korean waters and 

 1
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(2) Climate change effects on the biological characteristics of chum salmon returned to the 
Korean waters.  

 
3.  Otolith thermal marking on Korea chum salmon will be carried out to provide information 
about growth, survival during the early ocean life stage, and hatchery origins from 2014 release 
(2013 brood). 
 
4.  For the stock identification, we will developed new microsatellite loci of chum salmon to 
investigate genetic variation and population structure of Korean populations. 
 
5.  We plan to expand cherry salmon releasing program, and as the first step of cherry salmon 
research, we will examine stomach contents to know the prey items of cherry salmon and the 
competitions for preys with other fish species in the coastal area and ocean. 
 
6. We will investigate genetic variation of non-anadromous masu salmon in korea to give 
baseline data for the strategy of conservation and management. 
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Abstract 
 

Korea released 4.1 million and 6.2 million thermal marked chum salmon in March 2013 
and 2014, respectively. The marks were 3,1,2H for 2013(2012BY) and 3,2,1H(6.0million), 
3,4,2H(0.2million) for 2014(2013BY).  We will mark approximately 7.5 million chum salmon 
in BY 2014, which covers about 50% ~60% of release of BY 2014 chum salmon at Namdae-
cheon and Wangpi-cheon (river). Chum salmon will be marked at 2 different 
hatcheries(Yangyang Hatchery and Uljin Hatchery) using 2 thermal mark.   
 

Introduction 
Tagging is an old tool in biology, and is economically valuable for aquaculture, stock 

assessment and fisheries management. Traditionally, tagging experiments consisting of clipping, 
punching of fins, attaching plastic cards, inserting coded wire tags and micro data loggers have 
been used to distinguish fish stocks, to determine the optimum period of release of juveniles, 
and to check growth condition of fishes.  However, labor-intensive tagging experiment 
requires high costs. Furthermore, in many cases, researchers experienced difficulties in getting 
enough specimens of recovery, so scientists seeked for alternative methods.  

Otolith thermal marking is one of the alternatives, which makes distinct and recognizable 
patterns in the otolith structures by exposing the fish to different temperature regimes.  Due to 
advantages of mass-marking and good mark retention, all NPAFC countries have been released 
juvenile salmon with otolith marking.  Korea released 2.2 million thermal marked chum 
salmon in March 2006 and 5.0 million in March 2007 and 5.0 million in March 2008. The 
marks were 3,3nH for 2005 Brood Year (BY), 3,1,2H for 2006 BY, and 3,2,1H for 2007 BY. 
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We will continue the otolith thermal marking on 2014 BY chum salmon to get the growth 
conditions and survival during the early ocean life stage, and to distinguish hatchery origins. 

Thermal mark for BY 2013 stock 
 
Korea released 6.2 million thermal marked chum salmon in March 2014. The mark was a 

3,2,1H (1:1.3,2.2,3.1) 6.0million and 3,4,2H(1:1.3,2.4,3.2)0.2million. 
 

,  
Plan for 2014 BY stock 

 
Based on success of thermal mark experiment for BY 2005, BY 2006, BY 2007, BY 2008, 

BY 2009, BY 2010, BY 2011 and BY 2012stocks, we will continue this experiment for the BY 
2013 salmon. We will mark approximately 7.5 million chum salmon at 2 different hatcheries 
with 2 pattern, which covers about 50%~60% of release of BY 2013 chum salmon at Namdae-
cheon and Wangpi-cheon (river) (Table 1). Proposed thermal mark schedule for BY 2014 stock 
of Korean chum salmon is shown in Table 2. Thermal mark pattern is presented in both the RBr 
notation (Munk and Geiger 1998), with the modification by Hagen (1999). 
 
 

References 
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Table 1. Proposed thermal mark releases from Korea for 2014 brood year stocks of chum 
salmon. 
 

No 

BROOD 

YEAR 

YEAR OF 

RELEASE SPECIES 

STATE/ 

PROVINCE REGION AGENCY FACILITY STOCK 

FINAL 

RELEASE 

SITE 

K14-1 2014 2015 CHUM GANGWON EAST/JAPAN 

SEA COAST 

yss Yangyang 

Hatchery 

Namdae-

river 

Namdae-

river 

K14-2 2014 2015 CHUM GYEONGBUK EAST/JAPAN 

SEA COAST 

grcff Uljin 

Hatchery 

Wangpi-

river 

Wangpi-

river 

 

GRAPHIC IMAGE 

No 

REARING 

TREATMENT STAGE 

ESTIMATED 

RELEASE RBr CODE 

HATCH 

CODE PREHATCH POSTHATCH 

MARKING 

SYSTEM 

K14-1 Fed fry 7,000,000 1:1.3,2.3n 3, 3nH І І І   ІІІ   CHILLER 

K14-2 Fed fry 500,000 1:1.3,2.1,3.4n 3,1,4nH І І І   І  ІІІІ  CHILLER 

 
 
Table 2. Proposed thermal mark schedule for 2014 brood year stocks of Korean chum salmon. 

No OTOLITH MARK SCHEDULE TEMP SHIFT DIRECTION COMMENTS 

K14-1 (3x)8C:24H,(1x)8C:48H,(3x)8C:12H Down (12 to 8) Spawning date: mid Oct.-late Nov. 

K14-2 (2x)12C:12H,(2x)8C:24H,(4x)8C:12H, Down (12 to 8) Spawning date: mid Oct.-late Nov. 
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HIGH SEAS SALMONID 

CODED-WIRE TAG RECOVERY DATA, 2013 
 
 

Keywords: coded-wire tag, CWT, Chinook salmon bycatch, high seas, ocean distribution 
 

ABSTRACT 
 
Information on high seas recoveries of salmonids (Oncorhynchus spp.) tagged with coded-
wire tags (CWTs) has been reported annually to the International North Pacific Fisheries 
Commission (1981-1992) and to the North Pacific Anadromous Fish Commission (NPAFC, 
1993-present).  Data from these CWT recoveries are also reported to the Regional Mark 
Processing Center (RMPC, http://www.rmpc.org) of the Pacific States Marine Fisheries 
Commission (PSMFC) for inclusion into their Regional Mark Information System (RMIS) 
Database.  This document lists recovery data for 324 CWT salmonids that will be reported to 
PSMFC/RMPC for the first time.  These CWTs were recovered from 1) the U.S. groundfish 
trawl fishery in the Gulf of Alaska (GOA) as sampled by observers (10 Chinook salmon, O. 
tshawytscha) in 2012 and 2013, 2) the U.S. groundfish trawl fishery in the GOA as sampled 
in a CWT tunnel detector test conducted at a Kodiak processing plant (71 Chinook salmon) 
in 2012, 3) Salmon Excluder Device testing in the GOA (40 Chinook salmon) in 2013, 4) 
rockfish trawl fishery in the GOA (113 Chinook salmon) in 2013), 4) the U.S. groundfish 
trawl fishery in the eastern Bering Sea-Aleutian Islands (BSAI, 7 Chinook salmon) in 2012 
and 2013, and 5) U.S. trawl research in the GOA (68 Chinook salmon and 15 coho salmon, 
O. kisutch) in 2012.  No new CWT recoveries from either the at-sea Pacific hake (Merluccius 
productus) trawl fishery in the Northern Pacific Ocean off Washington/Oregon (WA/OR) or 
the West Coast trawl fishery off Washington/Oregon/California (WA/OR/CA) have been 
reported to the RMPC since 2011.  No new CWT recoveries from foreign high seas research 
have been reported to the RMPC since 2010. 
   

http://www.rmpc.org/�
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INTRODUCTION 

 
   Since 1981, Pacific salmon (Oncorhynchus spp.) tagged with coded-wire tags 
(CWTs) have been recovered in commercial fisheries and research programs in the North 
Pacific Ocean (NPO), Gulf of Alaska (GOA), and Bering Sea-Aleutian Islands (BSAI).  Data 
from these high seas CWT recoveries have been reported annually to the International North 
Pacific Fisheries Commission (INPFC, Dahlberg 1981-1982; Wertheimer and Dahlberg 
1983-1984; Dahlberg and Fowler 1985; Dahlberg et al. 1986-1997; Margolis 1985; Margolis 
et al. 1989; McKinnell et al. 1991) and to the North Pacific Anadromous Fish Commission 
(NPAFC, Dahlberg et al. 1993-97; Myers et al. 1998-2005; Morris et al. 2004; Celewycz et 
al. 2006-10, 2012; and Celewycz and Moss 2011).  Data from these CWT recoveries have 
also been reported to the Regional Mark Processing Center (RMPC) of the Pacific States 
Marine Fisheries Commission (PSMFC) for inclusion in their coastwide on-line CWT 
recovery database (http://www.rmpc.org).   
 
  In this document, we list previously unreported data for CWTs recovered on the high 
seas in 2012 and 2013.  These CWTs were recovered from the salmon bycatch of U.S. 
groundfish trawl fisheries for walleye pollock (Theragra chalcogramma) and non-pollock 
(flatfish, Pleuronectiformes and Pacific cod, Gadus macrocephalus) in the GOA and BSAI as 
sampled by observers, from the salmon bycatch in the GOA pollock trawl fishery as sampled 
in a CWT tunnel detector test conducted at a Kodiak processing plant,  from salmon bycatch 
sampled in Salmon Excluder Device (SED) testing directed at pollock in the GOA, from the 
salmon bycatch of U.S. groundfish trawl fishery for rockfish (primary species: northern 
rockfish (Sebastes polyspinis), Pacific ocean perch (S. alutus), dusky rockfish (S. variabilis); 
secondary species: Pacific cod, rougheye rockfish (S.aleutianus), shortraker rockfish 
(S.borealis), sablefish (Anoplopoma fimbria), thornyhead rockfish (S. alascanus) in the 
GOA, and from U.S. trawl research directed at juvenile salmon in the GOA.  New recoveries 
of CWT salmonids are compared to previous recoveries of CWTs reported to the INPFC 
(1981-1992) and to NPAFC (1993-present).  We also summarize the different sampling 
regimes for these different CWT recovery programs. 
 

RESULTS AND DISCUSSION 
 

In the GOA groundfish trawl fisheries in 2012 and 2013, snout collection for CWTs was 
conducted by the North Pacific Groundfish and Halibut Observer Program by both at-sea and 
plant observers based on the visual detection of an adipose fin clip in select samples.  Sampling 
based on visual detection of an adipose fin clip does not help with the recovery of the small 
percentage of CWTs injected into fish without a corresponding adipose fin clip; these CWTs can 
only be detected with electronic detection.  In 2012, observers sampled 1,004 Chinook salmon 
(O. tshawytscha) and collected snouts from a total of 30 (3.0%) snouts from fish with an adipose 
fin clip (Table 1).  Of these 30 snouts, 9 had CWTs, a CWT occurrence rate of 0.9%.  In 2013, 
observers sampled 740 Chinook salmon and collected snouts from a total of 69 fish (9.3%).  Of 
these 69 snouts, 6 had CWTs (0.8% CWT occurrence rate).  Of the total of 15 CWTs recovered 
from the GOA groundfish trawl fisheries in 2012 and 2013, 6 CWT recoveries were previously 
reported (Celewycz et al. 2012), and 10 new CWT recoveries are being reported for the first time 
(Table 2).  

http://www.rmpc.org/�
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 Electronic detection for CWTs in salmon bycatch was initiated by NOAA Fisheries in the 
fall of 2012 in a CWT tunnel detector test in a Kodiak plant processing Chinook salmon from the 
GOA pollock trawl fishery.  The goal of this test was to explore a new method of increasing the 
sampling rate for CWTs in the salmon bycatch.   From the 1,203 Chinook salmon examined, 71 
(5.9%) had CWTs detected by the tunnel detector and 187 (15.5%) had an adipose fin clip, as 
determined by visual inspection of all fish (Table 1).  From the 71 CWTs recovered, 61 (85.9%) 
had an adipose fin clip, and 10 (14.1%) had no fin clip.  Only sampling programs based on 
electronic detection can be expected to recover these CWTs from fish without an adipose fin 
clip.  Overall, 32.6% of Chinook salmon with an adipose fin clip had a CWT.  These 71 new 
CWT recoveries from the tunnel detector test will be reported to the PSMFC/RMPC database 
(Table 3). 
 
  Electronic detection for CWTs in salmon bycatch was conducted by the North Pacific 
Research Foundation in SED testing directed at GOA pollock in 2013.  The goal of the SED 
is to reduce the amount of salmon bycatch in trawl catches by allowing salmon to exit the 
trawl while groundfish are retained.  From the 611 Chinook salmon scanned with handheld 
CWT detection wands, 91 (14.9%) had an adipose fin clip, and 40 (6.5%) had CWTs (Table 
1).  From these 40 CWTs, 33 (82.5%) had an adipose fin clip, and 7 (11.5%) had no fin clip.  
Overall, 36.2% of Chinook salmon with an adipose fin clip had a CWT (Table 1).  These 40 
new CWT recoveries from SED testing will be reported to the PSMFC/RMPC database 
(Table 4). 
 
  Electronic detection for CWTs in the salmon bycatch of the GOA rockfish trawl 
fishery was conducted by the Alaska Groundfish Data Bank in 2013, and virtually the entire 
Chinook salmon bycatch was scanned with CWT detection wands.  From the 2,111 Chinook 
salmon scanned with handheld wands, 300 (14.2%) had an adipose fin clip, and 113 (5.4%) 
had CWTs (Table 1).  From the 113 CWTs recovered, 86 (76.1%) had an adipose fin clip, 
and 27 (23.9%) had no fin clip.  Overall, 28.7% of Chinook salmon with an adipose fin clip 
had a CWT.  These 113 new CWT recoveries from the GOA rockfish fishery will be reported 
to the PSMFC/RMPC database (Table 5). 
  

In the BSAI pollock trawl fishery in 2012 and 2013, sampling for CWTs continued under 
a systematic random sampling design recommended by Pella and Geiger (2009) that was 
implemented by the North Pacific Groundfish and Halibut Observer Program in 2011 to collect 
CWT (and genetic) samples from one out of every 10 Chinook salmon encountered in the 
bycatch.  Snout collection was based on the visual detection of an adipose fin clip in the 1/10 
sample.  In 2012, observers sampled 1,160 Chinook salmon in the BSAI and collected 6 (0.5%) 
snouts from fish with an adipose fin clip (Table 1).  Of these 6 snouts, 5 had CWTs (0.4% CWT 
occurrence rate).  In 2013, observers sampled 1,323 Chinook salmon in the BSAI and collected 
13 (1.0%) snouts from fish with an adipose fin clip.  Of these 13 snouts, 4 had CWTs (0.3% 
CWT occurrence rate).  Of the 9 CWTs recovered from the BSAI groundfish trawl fisheries in 
2012 and 2013, 2 recoveries were previously reported (Celewycz et al. 2012), and 7 new 
recoveries are being reported for the first time (Table 6). 
 
  In U.S. trawl research conducted by NOAA Fisheries and directed at juvenile salmon 
in the GOA in 2012, electronic sampling was used to scan all salmon for CWTs, although all 
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salmon were also visually inspected for presence of an adipose fin clip.  Researchers sampled 
554 Chinook salmon, of which 175 (31.6%) had an adipose fin clip and 68 (12.3%) had 
CWTs (Table 1).  Of these 68 CWTs recovered from Chinook salmon, 48 (70.6%) had a 
clipped adipose fin, and 20 (29.4%) had no fin clip.  Overall, 27.4% of Chinook salmon with 
an adipose fin clip had a CWT.  Researchers also sampled 962 coho salmon (O. kisutch), of 
which 57 (5.9%) had an adipose fin clip, and 15 (1.6%) had CWTs.  Of these 15 CWTs 
recovered from coho salmon, 8 (53.3%) had a clipped adipose fin, and 7 (46.7%) had no fin 
clip.  Overall, 14.0% of coho salmon with an adipose fin clip had a CWT.  These 83 new 
CWT recoveries from U.S. trawl research will be reported to the PSMFC/RMPC database 
(Table 7). 
 
  No new CWT recoveries from either the at-sea Pacific hake (Merluccius productus) 
trawl fishery in the Northern Pacific Ocean off Washington/Oregon (WA/OR) or the West 
Coast trawl fishery off Washington/Oregon/California (WA/OR/CA) have been reported to 
the RMPC since 2011.  No new CWT recoveries from foreign high seas research have been 
reported to the RMPC since 2010. 
 

The geographic locations of new recoveries of CWT Chinook salmon and coho salmon 
are compared to previous recoveries and are summarized by region, province, or state of origin 
(Figures 1-7).    
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Table 1.  Numbers of Chinook salmon sampled and numbers and percents of Chinook salmon recovered with adipose fin-clips (ad-clips) and 
CWTs in different sampling programs in the GOA and BSAI in 2012 and 2013.  Only sampling programs based on electronic detection can 
be expected to recover CWTs from fish without an ad-clip.    
              

  Ad-clips Ad-clip CWTs Non ad-clip CWTs TOTAL CWTs 

Region Year 

 
Fishery/ 

Gear 
Sampling 
program 

Detection 
method 

Number 
sampled Number Percent Number Percent Number Percent Number Percent 

Observer 
Program Visual 1004 30 3.0% 9* 0.9% 0 0.0 9* 0.9% 

Groundfish 
Trawl Tunnel 

Detector 
Test 

Electronic 1203 187 15.5% 61 5.1% 10 0.8% 71 5.9% GOA 
 

2012 
 

Research 
Trawl 

NOAA 
Fisheries Electronic 554 175 31.6% 48 8.7% 20 3.6% 68 12.3% 

       
Groundfish 

Trawl 
Observer 
Program Visual 740 69 9.3% 6 0.8% 0 0.0% 6 0.8% 

Salmon 
Excluder 
Device 
Trawl 

North 
Pacific 

Fisheries 
Research 

Foundation

Electronic 611 91 14.9% 33 5.4% 7 1.1% 40 6.5% GOA 2013 

Rockfish 
Trawl 

Alaska 
Groundfish 
Data Bank 

Electronic 2111 300 14.2% 86 4.1% 27 1.3% 113 5.4% 

       

BSAI 2012 Groundfish 
Trawl 

Observer 
Program Visual 1160 6 0.5% 5* 0.4% 0 0.0% 5* 0.4% 

       

BSAI 2013 Groundfish 
Trawl 

Observer 
Program Visual 1323 13 1.0% 4 0.3% 0 0.0% 4 0.3% 

   
 

 N
umbers include some CWTs previously reported in Celewycz et al. (2012) 
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Table 2. Release and recovery information for CWT salmon (Oncorhynchus spp.) captured as bycatch in the Gulf of Alaska (GOA) 
groundfish trawl fishery as sampled by the North Pacific Groundfish Observer Program.  Species: 1 = Chinook salmon; Run: 1 = Spring, 2 = 
Summer, 3 = Fall, 8 = Late Fall Upriver Bright Chinook; Rearing type: H = hatchery, W = Wild, M = Mixed; Release state: AK = Alaska, 
BC = British Columbia, OR = Oregon, WA = Washington.  NMFS_areas are shown in Appendix Figure 1. 
       
 
  

1Region: CECR=Central Columbia R. (Bonneville Dam to McNary Dam); COBC=Coastal British Columbia; LOCR=Lower Columbia R. 
(mouth to Bonneville Dam); SEAK=Southeastern Alaska; SOOR=South Coastal Oregon; TAWH=Taku R, Whiting R. 
 
2Basin (if different than region): CCST=Central British Columbia Coast; COOS=Coos R, Tenmile CR; KLIC=Klickitat River, including 
below John Day Dam/WA; SENE=Southeastern Alaska, Northeastern Quadrant; SENW=Southeastern Alaska, Northwestern Quadrant; 
SESE=Southeastern Alaska, Southeastern Quadrant; TAWHG=Taku R, Whiting R, general; WILL=Willamette River. 
 

3Agency: ADFG=Alaska Department of Fish & Game; CDFO=Canadian Department of Fisheries and Oceans; NMFS=National Marine 
Fisheries Service; NSRA=Northern Southeast Regional Aquaculture Association (AK); ODFW=Oregon Department of Fish & Wildlife; 
SJ=Sheldon Jackson College (AK); SSRA=Southern Southeast Regional Aquaculture Association (AK); YAKA=Yakama Tribe (WA) 
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2011091044  090390  1  MCKENZIE HATCHERY  1  H  LOCR  WILL  MCKENZIE HATCHERY  OR  ODFW  2009  2012        620 
2011091046  042295  1  MEDVEJIE  1  H  SEAK  SENW  MEDVEJIE  AK  NSRA  2009  2012        649 
2011091047  030711  1  UNUK R 101‐75  1  H  SEAK  SENE  LITTLE PORT WALTER  AK  NMFS  2008  2012        649 
2012091001  031667  1  UNUK R 101‐75  1  H  SEAK  SENE  LITTLE PORT WALTER  AK  NMFS  2008  2012        620 
2012091007  040248  1  ANDREW CR 108‐40  2  H  SEAK  SENW  SHELDON JACKSON  AK  SJ  2009  2013        620 
2013091008  090442  1  COOS R ‐ PUBLIC  3  H  SOOR  COOS  MORGAN CR (STEP‐COOS  OR  ODFW  2009  2013  57  ‐149    
2013091013  042188  1  WHITMAN LK  2  H  SEAK  SESE  CRYSTAL LAKE  AK  SSRA  2008  2013  58  ‐152    

2013091014  635979  1 
LTL WHITE SALMON‐
NFH  8  H  CECR  KLIC 

KLICKITAT HATCHERY 
(YKFP)  WA  YAKA  2010  2013        630 

2013091015  041025  1  TAKU R 111‐32  1  W  TAWH  TAWHG  NA  AK  ADFG  2009  2013        630 
2013091016  181677  1  S‐Atnarko R Low  2  H  COBC  CCST  H‐Snootli Creek H  BC  CDFO  2010  2013        630 
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Table 3. Release and recovery information for CWT salmon (Oncorhynchus spp.) captured as bycatch in the Gulf of Alaska (GOA) 
groundfish trawl fishery as sampled in the CWT Tunnel Detector Test.  Species: 1 = Chinook salmon; Run: 1 = Spring, 2 = Summer, 3 
= Fall, 8 = Late Fall Upriver Bright Chinook; Rearing type: H = hatchery, W = Wild, M = Mixed; Release state: AK = Alaska, BC = 
British Columbia, OR = Oregon, WA = Washington.  NMFS_areas are shown in Appendix Figure 1.      
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2012080001  635775  1  WELLS HATCHERY  2  H  UPCR  PRGC  WELLS HATCHERY  WA  WDFW  2010  2012        620 
2012080002  090268  1  CLACKAMAS R EARLY  1  H  LOCR  WILL  CLACKAMAS HATCHERY  OR  ODFW  2009  2012        620 
2012080003  094342  1  TRASK R (TRASK HT)  1  H  NOOR  TILN  TRASK R PONDS  OR  ODFW  2010  2012        620 
2012080004  090355  1  UMATILLA R  8  H  CECR  UMAT  BONNEVILLE HATCHERY  OR  ODFW  2009  2012        620 
2012080005  090390  1  MCKENZIE HATCHERY  1  H  LOCR  WILL  MCKENZIE HATCHERY  OR  ODFW  2009  2012        620 
2012080006  042481  1  CRYSTAL CR  2  H  SEAK  SESE  CRYSTAL LK/ANITA BAY  AK  SSRA  2009  2012        620 
2012080007  635577  1  WELLS HATCHERY  2  H  UPCR  PRGC  TURTLE ROCK HATCHERY  WA  WDFW  2009  2012        630 
2012080008  041793  1  CRYSTAL CR  2  H  SEAK  SESE  CRYSTAL LK/ANITA BAY  AK  SSRA  2007  2012        630 
2012080009  092049  1  COLUMBIA R UPRIVER S  8  H  LOCR  SAND  BONNEVILLE HATCHERY  OR  ODFW  2010  2012        630 
2012080011  635269  1  WENATCHEE R  45.0030  2  H  UPCR  WECH  DRYDEN POND  WA  WDFW  2009  2012        630 
2012080012  090262  1  SANTIAM R S FK  1  H  LOCR  WILL  SOUTH SANTIAM HATCH  OR  ODFW  2009  2012        630 
2012080013  181594  1  S‐Atnarko R Low  2  H  COBC  CCST  H‐Snootli Creek H  BC  CDFO  2009  2012        630 
2012080014  181364  1  S‐Nicola R  1  H  FRTH  TOMM  H‐Spius Creek H  BC  CDFO  2009  2012        630 
2012080015  635974  1  PRIEST RAPIDS   (36)  3  H  UPCR  MNPR  PRIEST RAPIDS HATCHERY  WA  WDFW  2010  2012        620 
2012080016  220117  1  LYONS FERRY HATCHERY  8  H  SNAK  CLEA  LYONS FERRY HATCHERY  WA  NEZP  2010  2012        630 
2012080017  210962  1  QUINAULT R   21.0398  3  H  NWC  QEQU  QUINAULT LK HATCHERY  WA  QDNR  2010  2012        630 
2012080018  090448  1  SALMON R  3  H  NOOR  SIYA  SALMON R HATCHERY  OR  ODFW  2010  2012        630 
2012080019  181594  1  S‐Atnarko R Low  2  H  COBC  CCST  H‐Snootli Creek H  BC  CDFO  2009  2012        630 
2012080020  090195  1  CLACKAMAS R EARLY  1  H  LOCR  WILL  CLACKAMAS HATCHERY  OR  ODFW  2009  2012        630 
2012080021  635182  1  SNAKE R‐LOWR 33.0002  3  H  SNAK  GRIA  IRRIGON HATCHERY  WA  ODFW  2009  2012        630 
2012080022  054597  1  COLUMBIA R UPRIVER S  8  H  CECR  WIND  LTL WHITE SALMON NFH  WA  FWS  2009  2012        630 
2012080023  210962  1  QUINAULT R   21.0398  3  H  NWC  QEQU  QUINAULT LK HATCHERY  WA  QDNR  2010  2012        630 
2012080024  055305  1  SOOES R      20.0015  3  H  NWC  QUHO  MAKAH NFH ON SOOES R  WA  FWS  2010  2012        630 
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2012080025  210909  1  QUEETS R     21.0016  3  H  NWC  QEQU  SALMON R FISH CULTUR  WA  QDNR  2009  2012        630 
2012080026  090478  1  SANTIAM R S FK  1  H  LOCR  WILL  SOUTH SANTIAM HATCH  OR  ODFW  2010  2012        630 
2012080027  093939  1  NESTUCCA R (CEDAR CR  1  H  NOOR  TILN  CEDAR CR HATCHERY  OR  ODFW  2010  2012        630 
2012080028  635974  1  PRIEST RAPIDS   (36)  3  H  UPCR  MNPR  PRIEST RAPIDS HATCHERY  WA  WDFW  2010  2012        630 
2012080029  090388  1  MCKENZIE HATCHERY  1  H  LOCR  WILL  MCKENZIE HATCHERY  OR  ODFW  2009  2012        630 
2012080030  181586  1  S‐Shuswap R Low  2  H  FRTH  TOMF  H‐Shuswap River, Middle,  BC  CDFO  2010  2012        630 
2012080031  181585  1  S‐Shuswap R Low  2  H  FRTH  TOMF  H‐Shuswap River, Middle,  BC  CDFO  2010  2012        630 
2012080032  090349  1  SANTIAM R S FK  1  H  LOCR  WILL  SOUTH SANTIAM HATCH  OR  ODFW  2009  2012        630 
2012080035  180969  1  S‐Shuswap R Low  2  H  FRTH  TOMF  H‐Shuswap River, Middle,  BC  CDFO  2009  2012        630 
2012080036  031670  1  UNUK R 101‐75     H  SEAK  SENE  LITTLE PORT WALTER  AK  NMFS  2009  2012        630 
2012080038  042282  1  BURRO CR  2  H  SEAK  SENE  MACAULAY  AK  DIPC  2008  2012        630 
2012080039  210909  1  QUEETS R     21.0016  3  H  NWC  QEQU  SALMON R FISH CULTUR  WA  QDNR  2009  2012        630 
2012080040  635775  1  WELLS HATCHERY  2  H  UPCR  PRGC  WELLS HATCHERY  WA  WDFW  2010  2012        630 
2012080041  220203  1  LYONS FERRY HATCHERY  8  H  SNAK  CLEA  NPT HATCHERY  ID  NEZP  2010  2012        630 
2012080043  181381  1  S‐Shuswap R Low  2  H  FRTH  TOMF  H‐Shuswap River, Middle,  BC  CDFO  2010  2012        630 
2012080044  090386  1  WILLAMETTE R MID FK  1  H  LOCR  WILL  WILLAMETTE HATCHERY  OR  ODFW  2009  2012        630 
2012080047  180766  1  S‐Shuswap R Middle  2  H  FRTH  TOMF  H‐Shuswap River, Middle,  BC  CDFO  2009  2012        630 
2012080048  090445  1  TRASK R (TRASK HT)  3  H  NOOR  TILN  TRASK R HATCHERY  OR  ODFW  2010  2012        630 
2012080050  055070  1  COLUMBIA R UPRIVER S  8  H  CECR  WIND  LTL WHITE SALMON NFH  WA  FWS  2010  2012        630 
2012080051  635766  1  PRIEST RAPIDS   (36)  3  H  UPCR  MNPR  PRIEST RAPIDS HATCHERY  WA  WDFW  2010  2012        630 
2012080052  090390  1  MCKENZIE HATCHERY  1  H  LOCR  WILL  MCKENZIE HATCHERY  OR  ODFW  2009  2012        630 
2012080053  635764  1  PRIEST RAPIDS   (36)  3  H  UPCR  MNPR  PRIEST RAPIDS HATCHERY  WA  WDFW  2010  2012        630 

2012080054  635978  1 
LTL WHITE SALMON‐
NFH  8  H  CECR  KLIC 

KLICKITAT HATCHERY 
(YKFP)  WA  YAKA  2010  2012        630 

2012080055  042388  1  UNUK R 101‐75  2  H  SEAK  SENE  PORT SAINT NICHOLAS  AK  PWHA  2008  2012        630 
2012080056  181381  1  S‐Shuswap R Low  2  H  FRTH  TOMF  H‐Shuswap River, Middle,  BC  CDFO  2010  2012        630 
2012080057  090341  1  WILLAMETTE R MID FK  1  H  LOCR  YOCL  WILLAMETTE HATCHERY  OR  ODFW  2009  2012        630 
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2012080058  181476  1  S‐Atnarko R Up  2  H  COBC  CCST  H‐Snootli Creek H  BC  CDFO  2010  2012        630 
2012080059  210961  1  QUINAULT R   21.0398  3  H  NWC  QEQU  QUINAULT LK HATCHERY  WA  QDNR  2010  2012        630 
2012080060  092948  1  COOS R ‐ PUBLIC  3  H  SOOR  COOS  MORGAN CR (STEP‐COOS  OR  ODFW  2009  2012        630 
2012080061  635274  1  PRIEST RAPIDS   (36)  3  H  UPCR  MNPR  PRIEST RAPIDS HATCHERY  WA  WDFW  2010  2012        630 
2012080062  180195  1  S‐Robertson Cr  3  H  WCVI  SWVI  H‐Robertson Creek H  BC  CDFO  2010  2012        630 
2012080063  093939  1  NESTUCCA R (CEDAR CR  1  H  NOOR  TILN  CEDAR CR HATCHERY  OR  ODFW  2010  2012        630 
2012080064  180793  1  S‐Kitsum Bel Canyon  2  H  NASK  SKNA  H‐Deep Creek/ SKNA H  BC  CDFO  2009  2012        630 
2012080065  210962  1  QUINAULT R   21.0398  3  H  NWC  QEQU  QUINAULT LK HATCHERY  WA  QDNR  2010  2012        630 
2012080066  210910  1  QUINAULT R   21.0398  3  H  NWC  QEQU  QUINAULT LK HATCHERY  WA  QDNR  2009  2012        630 

2012080067  635289  1 
LTL WHITE SALMON‐
NFH  8  H  CECR  KLIC 

KLICKITAT HATCHERY 
(YKFP)  WA  YAKA  2009  2012        630 

2012080068  181380  1  S‐Nicola R  1  H  FRTH  TOMM  H‐Spius Creek H  BC  CDFO  2009  2012        630 
2012080069  635970  1  PRIEST RAPIDS   (36)  3  H  UPCR  MNPR  PRIEST RAPIDS HATCHERY  WA  WDFW  2010  2012        630 
2012080070  090534  1  MCKENZIE HATCHERY  1  H  LOCR  WILL  MCKENZIE HATCHERY  OR  ODFW  2010  2012        630 
2012080071  210961  1  QUINAULT R   21.0398  3  H  NWC  QEQU  QUINAULT LK HATCHERY  WA  QDNR  2010  2012        630 
2012080073  090343  1  SALMON R  3  H  NOOR  SIYA  SALMON R HATCHERY  OR  ODFW  2009  2012        630 
2012080074  094654  1  MCKENZIE HATCHERY  1  H  LOCR  YOCL  CEDC YOUNGS BAY NET  OR  ODFW  2009  2012        630 
2012080075  090448  1  SALMON R  3  H  NOOR  SIYA  SALMON R HATCHERY  OR  ODFW  2010  2012        630 
2012080076  090342  1  ELK R (ELK R HT)  3  H  SOOR  SIXE  ELK R HATCHERY  OR  ODFW  2009  2012        630 
2012080077  090281  1  ELK R (ELK R HT)  3  H  SOOR  SIXE  ELK R HATCHERY  OR  ODFW  2010  2012        630 
2012080078  054599  1  COLUMBIA R UPRIVER S  8  H  CECR  WIND  LTL WHITE SALMON NFH  WA  FWS  2010  2012        620 
2012080079  210962  1  QUINAULT R   21.0398  3  H  NWC  QEQU  QUINAULT LK HATCHERY  WA  QDNR  2010  2012        620 
2012080080  210962  1  QUINAULT R   21.0398  3  H  NWC  QEQU  QUINAULT LK HATCHERY  WA  QDNR  2010  2012        620 

 
  

1Region: CECR=Central Columbia R. (Bonneville Dam to McNary Dam); COBC=Coastal British Columbia; FRTH=Fraser R.-
Thompson R.; LOCR=Lower Columbia R. (mouth to Bonneville Dam); NASK=Nass R – Skeena R; NOOR=Northern Oregon Coast; 
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NWC=North Washington Coast; SEAK=Southeastern Alaska; SNAK=Snake R. (ID); SOOR=South Coastal Oregon; UPCR=Upper 
Columbia R. (above McNary Dam; excluding Snake R.); WCVI=Western Vancouver Island. 
 
2Basin (if different than region): CCST=Central British Columbia Coast; CLEA=Clearwater River (only) / ID; COOS=Coos R, 
Tenmile CR; GRIA=Grande Ronde R, Imnaha R, Asotin Cr / OR, WA; KLIC=Klickitat River, including below John Day Dam/WA; 
MNPR=McNary Dam to Priest Rapids Dam, Walla Walla River/OR, WA; PRGC=Columbia R; Priest Rapids Dam to Grand Coulee; 
QEQU=Queets R- Quinault R; QUHO=Sooes River, Quillayute River, Hoh River, shoreline: Flattery Creek – Kalalock Creek; 
SAND=Sandy R / OR; SENE=Southeastern Alaska, Northeastern Quadrant; SESE=Southeastern Alaska, Southeastern Quadrant; 
SIXE=Sixes R.-Elk R.-Floras Cr.; SIYA=Siletz R, Yaquina R; SKNA=Skeena R; SWVI=SW Vancouver Island; TILN=Tillamook 
Bay, Nestucca R, including shoreline; TOMF=Thompson R (North & South Forks); TOMM=Thompson River mainstem; 
UMAT=Umatilla R / OR; WILL=Willamette River; WECH=Wenatchee R.-Entiat R.-Lk. Chelan/WA; WILL=Willamette River, 
Multnomah Channel, Milton Creek/OR; WIND=Wind River, White Salmon River, Major Creek/WA; YOCL=Youngs Bay, 
Clatskanie River, Multnomah Channel to estuary/OR.  
3Agency: CDFO=Canadian Department of Fisheries and Oceans, DIPC=Douglas Island Pink and Chum, Inc. (AK); FWS=Fisheries 
and Wildlife Service, NEZP=Nez Perce Tribe (ID); NMFS=National Marine Fisheries Service; ODFW=Oregon Department of Fish 
& Wildlife, PWHA=Prince of Wales Hatchery Association (AK); QDNR=Quinault Department of Natural Resources, 
SSRA=Southern Southeast Regional Aquaculture Association (AK); WDFW=Washington Department of Fish & Wildlife; 
YAKA=Yakama Tribe (WA). 
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Table 4. Release and recovery information for CWT salmon (Oncorhynchus spp.) captured as bycatch in the Gulf of Alaska (GOA) 
groundfish trawl fishery as sampled in the Salmon Excluder Device Test.  Species: 1 = Chinook salmon; Run: 1 = Spring, 2 = 
Summer, 3 = Fall, 8 = Late Fall Upriver Bright Chinook; Rearing type: H = hatchery, W = Wild, M = Mixed; Release state: 
AK = Alaska, BC = British Columbia, OR = Oregon, WA = Washington, CA = California, ID = Idaho, OR = Oregon,.  
NMFS_areas are shown in Appendix Figure 1. 
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2013070001  090477  1  CLACKAMAS R EARLY  1  H  LOCR  WILL  CLACKAMAS HATCHERY  OR  ODFW  2010  2013  57  ‐154    
2013070002  635271  1  WENATCHEE R  45.0030  2  H  UPCR  WECH  DRYDEN POND  WA  WDFW  2009  2013  57  ‐154    
2013070004  181475  1  S‐Atnarko R Low  2  H  COBC  CCST  H‐Snootli Creek H  BC  CDFO  2010  2013  57  ‐155    
2013070005  635280  1  WELLS HATCHERY  2  H  UPCR  PRGC  WELLS HATCHERY  WA  WDFW  2009  2013  57  ‐155    
2013070006  210961  1  QUINAULT R   21.0398  3  H  NWC  QEQU  QUINAULT LK HATCHERY  WA  QDNR  2010  2013  57  ‐154    
2013070007  181189  1  S‐Atnarko R Low  2  H  COBC  CCST  H‐Snootli Creek H  BC  CDFO  2010  2013  57  ‐154    

2013070008  635965  1  LTL WHITE SALMON‐NFH  8  H  CECR  KLIC 
KLICKITAT HATCHERY 
(YKFP)  WA  YAKA  2010  2013  57  ‐154    

2013070009  635094  1  METHOW & OKANOGAN  2  H  UPCR  MEOK 
CARLTON ACCLIMATION 
POND  WA  WDFW  2008  2013  57  ‐154    

2013070010  635578  1  WENATCHEE R  45.0030  2  H  UPCR  WECH  DRYDEN POND  WA  WDFW  2009  2013  57  ‐154    

2013070011  635965  1  LTL WHITE SALMON‐NFH  8  H  CECR  KLIC 
KLICKITAT HATCHERY 
(YKFP)  WA  YAKA  2010  2013  57  ‐154    

2013070012  181594  1  S‐Atnarko R Low  2  H  COBC  CCST  H‐Snootli Creek H  BC  CDFO  2009  2013  57  ‐154    
2013070013  042283  1  CRYSTAL CR  2  H  SEAK  SENE  MACAULAY  AK  DIPC  2008  2013  57  ‐154    
2013070015  635775  1  WELLS HATCHERY  2  H  UPCR  PRGC  WELLS HATCHERY  WA  WDFW  2010  2013  57  ‐153    
2013070016  635775  1  WELLS HATCHERY  2  H  UPCR  PRGC  WELLS HATCHERY  WA  WDFW  2010  2013  57  ‐153    
2013070017  635764  1  PRIEST RAPIDS   (36)  3  H  UPCR  MNPR  PRIEST RAPIDS HATCHERY  WA  WDFW  2010  2013  57  ‐153    
2013070019  220210  1  LYONS FERRY HATCHERY  8  H  SNAK  CLEA  NPT HATCHERY  ID  NEZP  2010  2013  57  ‐153    
2013070020  635973  1  PRIEST RAPIDS   (36)  3  H  UPCR  MNPR  PRIEST RAPIDS HATCHERY  WA  WDFW  2010  2013  57  ‐153    
2013070022  090487  1  COLUMBIA R UPRIVER S  8  H  CECR  WIND  LTL WHITE SALMON NFH  WA  FWS  2010  2013  57  ‐153    
2013070025  090534  1  MCKENZIE HATCHERY  1  H  LOCR  WILL  MCKENZIE HATCHERY  OR  ODFW  2010  2013  57  ‐153    
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2013070026  635997  1  SNAKE R‐LOWR 33.0002  3  H  SNAK  GRIA  LYONS FERRY HATCHERY  WA  WDFW  2010  2013  57  ‐153    
2013070027  610437  1  HANFORD REACH STOCK  8  W  UPCR  MNPR  NA  WA  CRFC  2010  2013  57  ‐153    
2013070028  090434  1  UMATILLA R  8  H  CECR  UMAT  UMATILLA HATCHERY  OR  ODFW  2010  2013  57  ‐153    

2013070029  635978  1  LTL WHITE SALMON‐NFH  8  H  CECR  KLIC 
KLICKITAT HATCHERY 
(YKFP)  WA  YAKA  2010  2013  57  ‐153    

2013070030  635974  1  PRIEST RAPIDS   (36)  3  H  UPCR  MNPR  PRIEST RAPIDS HATCHERY  WA  WDFW  2010  2013  57  ‐153    
2013070032  054599  1  COLUMBIA R UPRIVER S  8  H  CECR  WIND  LTL WHITE SALMON NFH  WA  FWS  2010  2013  57  ‐153    
2013070034  635766  1  PRIEST RAPIDS   (36)  3  H  UPCR  MNPR  PRIEST RAPIDS HATCHERY  WA  WDFW  2010  2013  57  ‐154    
2013070035  181485  1  S‐Robertson Cr  3  H  WCVI  SWVI  H‐Robertson Creek H  BC  CDFO  2010  2013  57  ‐154    
2013070041  635699  1  PRIEST RAPIDS   (36)  3  H  UPCR  MNPR  PRIEST RAPIDS HATCHERY  WA  WDFW  2010  2013  57  ‐154    
2013070042  210960  1  QUEETS R     21.0016  3  H  NWC  QEQU  SALMON R FISH CULTUR  WA  QDNR  2010  2013  57  ‐154    
2013070043  090281  1  ELK R (ELK R HT)  3  H  SOOR  SIXE  ELK R HATCHERY  OR  ODFW  2010  2013  57  ‐154    
2013070044  635974  1  PRIEST RAPIDS   (36)  3  H  UPCR  MNPR  PRIEST RAPIDS HATCHERY  WA  WDFW  2010  2013  57  ‐154    
2013070045  090433  1  UMATILLA R  8  H  CECR  UMAT  UMATILLA HATCHERY  OR  ODFW  2010  2013  57  ‐154    
2013070046  635766  1  PRIEST RAPIDS   (36)  3  H  UPCR  MNPR  PRIEST RAPIDS HATCHERY  WA  WDFW  2010  2013  57  ‐154    
2013070047  181477  1  S‐Atnarko R Up  2  H  COBC  CCST  H‐Snootli Creek H  BC  CDFO  2010  2013  57  ‐154    
2013070048  635766  1  PRIEST RAPIDS   (36)  3  H  UPCR  MNPR  PRIEST RAPIDS HATCHERY  WA  WDFW  2010  2013  57  ‐154    
2013070049  041024  1  STIKINE R 108‐40  1  W  STUN  STUNG  NA  AK  ADFG  2009  2013  57  ‐154    
2013070050  181677  1  S‐Atnarko R Low  2  H  COBC  CCST  H‐Snootli Creek H  BC  CDFO  2010  2013  57  ‐154    
2013070051  090281  1  ELK R (ELK R HT)  3  H  SOOR  SIXE  ELK R HATCHERY  OR  ODFW  2010  2013  57  ‐154    
2013070056  042667  1  CRYSTAL CR  2  H  SEAK  SENE  MACAULAY  AK  DIPC  2009  2013  57  ‐154    
2013070058  635764  1  PRIEST RAPIDS   (36)  3  H  UPCR  MNPR  PRIEST RAPIDS HATCHERY  WA  WDFW  2010  2013  57  ‐154    

 

1Region: CECR=Central Columbia R. (Bonneville Dam to McNary Dam); COBC=Coastal British Columbia; LOCR=Lower 
Columbia R. (mouth to Bonneville Dam); NWC=North Washington Coast; SEAK=Southeastern Alaska; SNAK=Snake R. (ID); 
SOOR=South Coastal Oregon; STUN=Stikine River-Unuk River; UPCR=Upper Columbia R. (above McNary Dam; excluding Snake 
R.); WCVI=Western Vancouver Island. 
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2Basin (if different than region): CCST=Central British Columbia Coast; CLEA=Clearwater River (only) / ID; GRIA=Grande 
Ronde R, Imnaha R, Asotin Cr / OR, WA; KLIC=Klickitat River, including below John Day Dam/WA; MEOK= Methow R.-
Okanogan R./WA; MNPR=McNary Dam to Priest Rapids Dam, Walla Walla River/OR, WA; PRGC=Columbia R; Priest 
Rapids Dam to Grand Coulee; QEQU=Queets R- Quinault R, SENE=Southeastern Alaska, Northeastern Quadrant; SIXE=Sixes 
R.-Elk R.-Floras Cr.; STUNG=Stikine River, Unuk River, general;  SWVI=SW Vancouver Island; UMAT=Umatilla R / OR; 
WECH=Wenatchee R.-Entiat R.-Lk. Chelan/WA; WILL=Willamette River, Multnomah Channel, Milton Creek/OR; 
WIND=Wind River, White Salmon River, Major Creek/WA.   
 

3Agency: =Alaska Department of Fish & Game; CDFO=Canadian Department of Fisheries and Oceans; CRFC=Columbia River Inter-
Tribal Commission; DIPC=Douglas Island Pink and Chum, Inc. (AK); FWS=Fisheries and Wildlife Service, NEZP=Nez Perce Tribe (ID); 
ODFW=Oregon Department of Fish & Wildlife; QDNR=Quinault Department of Natural Resources (WA); WDFW=Washington 
Department of Fish & Wildlife; YAKA=Yakama Tribe (WA). 
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Table 5. Release and recovery information for CWT salmon (Oncorhynchus spp.) captured as bycatch in the Gulf of Alaska (GOA) trawl 
fishery for rockfish as sampled by the Alaska Groundfish Data Bank.  Species: 1 = Chinook salmon; Run: 1 = Spring, 2 = Summer, 
3 = Fall, 8 = Late Fall Upriver Bright Chinook; Rearing type: H = hatchery, W = Wild, M = Mixed; Release state: AK = Alaska, BC 
= British Columbia, OR = Oregon, WA = Washington, CA = California, ID = Idaho, OR = Oregon,.  NMFS_areas are shown in 
Appendix Figure 1. 
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2013170001  635274  1  PRIEST RAPIDS   (36)  3  H  UPCR  MNPR  PRIEST RAPIDS HATCHERY  WA  WDFW  2010  2013        630 
2013170002  090539  1  WILLAMETTE R MID FK  1  H  LOCR  WILL  WILLAMETTE HATCHERY  OR  ODFW  2010  2013        630 
2013170003  186320  1  S‐Sarita R  3  H  WCVI  SWVI  H‐Omega Pacific H  BC  CDFO  2009  2013        630 
2013170004  090443  1  COOS R ‐ PUBLIC  3  H  SOOR  COOS  BANDON HATCHERY  OR  ODFW  2010  2013  57  ‐150    
2013170005  210961  1  QUINAULT R   21.0398  3  H  NWC  QEQU  QUINAULT LK HATCHERY  WA  QDNR  2010  2013        630 
2013170006  635578  1  WENATCHEE R  45.0030  2  H  UPCR  WECH  DRYDEN POND  WA  WDFW  2009  2013  57  ‐150    
2013170007  186320  1  S‐Sarita R  3  H  WCVI  SWVI  H‐Omega Pacific H  BC  CDFO  2009  2013        630 
2013170010  093939  1  NESTUCCA R (CEDAR CR  1  H  NOOR  TILN  CEDAR CR HATCHERY  OR  ODFW  2010  2013        630 
2013170011  181484  1  S‐Robertson Cr  3  H  WCVI  SWVI  H‐Robertson Creek H  BC  CDFO  2010  2013  57  ‐150    
2013170012  090435  1  UMATILLA R  8  H  CECR  UMAT  UMATILLA HATCHERY  OR  ODFW  2010  2013        630 
2013170013  186320  1  S‐Sarita R  3  H  WCVI  SWVI  H‐Omega Pacific H  BC  CDFO  2009  2013        630 
2013170014  635965  1  LTL WHITE SALMON‐NFH  8  H  CECR  KLIC  KLICKITAT HATCHERY (YKFP)  WA  YAKA  2010  2013        630 
2013170015  090448  1  SALMON R  3  H  NOOR  SIYA  SALMON R HATCHERY  OR  ODFW  2010  2013        630 
2013170016  092049  1  COLUMBIA R UPRIVER S  8  H  LOCR  SAND  BONNEVILLE HATCHERY  OR  ODFW  2010  2013        630 
2013170017  055305  1  SOOES R      20.0015  3  H  NWC  QUHO  MAKAH NFH ON SOOES R  WA  FWS  2010  2013        630 
2013170018  210962  1  QUINAULT R   21.0398  3  H  NWC  QEQU  QUINAULT LK HATCHERY  WA  QDNR  2010  2013        630 
2013170019  635578  1  WENATCHEE R  45.0030  2  H  UPCR  WECH  DRYDEN POND  WA  WDFW  2009  2013        630 
2013170020  031668  1  UNUK R 101‐75  1  H  SEAK  SENE  LITTLE PORT WALTER  AK  NMFS  2008  2013  58  ‐148    
2013170021  090442  1  COOS R ‐ PUBLIC  3  H  SOOR  COOS  MORGAN CR (STEP‐COOS  OR  ODFW  2009  2013        630 
2013170022  635268  1  LTL WHITE SALMON‐NFH  8  H  CECR  KLIC  KLICKITAT HATCHERY (YKFP)  WA  YAKA  2009  2013  58  ‐148    
2013170023  055232  1  COLUMBIA R UPRIVER S  8  H  CECR  WIND  LTL WHITE SALMON NFH  WA  FWS  2010  2013        630 
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2013170024  090487  1  COLUMBIA R UPRIVER S  8  H  CECR  WIND  LTL WHITE SALMON NFH  WA  FWS  2010  2013  58  ‐148    
2013170025  053577  1  COLUMBIA R UPRIVER S  8  H  CECR  WIND  LTL WHITE SALMON NFH  WA  FWS  2009  2013  58  ‐148    
2013170026  090448  1  SALMON R  3  H  NOOR  SIYA  SALMON R HATCHERY  OR  ODFW  2010  2013  58  ‐148    
2013170028  093939  1  NESTUCCA R (CEDAR CR  1  H  NOOR  TILN  CEDAR CR HATCHERY  OR  ODFW  2010  2013  58  ‐148    
2013170029  635271  1  WENATCHEE R  45.0030  2  H  UPCR  WECH  DRYDEN POND  WA  WDFW  2009  2013  58  ‐148    
2013170030  210909  1  QUEETS R     21.0016  3  H  NWC  QEQU  SALMON R FISH CULTUR  WA  QDNR  2009  2013  58  ‐148    
2013170031  181195  1  S‐Shuswap R Middle  2  H  FRTH  TOMF  H‐Shuswap River, Middle,  BC  CDFO  2010  2013  58  ‐148    
2013170032  220210  1  LYONS FERRY HATCHERY  8  H  SNAK  CLEA  NPT HATCHERY  ID  NEZP  2010  2013  57  ‐159    
2013170033  090448  1  SALMON R  3  H  NOOR  SIYA  SALMON R HATCHERY  OR  ODFW  2010  2013  57  ‐150    
2013170034  181483  1  S‐Robertson Cr  3  H  WCVI  SWVI  H‐Robertson Creek H  BC  CDFO  2010  2013  57  ‐150    
2013170035  210910  1  QUINAULT R   21.0398  3  H  NWC  QEQU  QUINAULT LK HATCHERY  WA  QDNR  2009  2013  58  ‐148    
2013170037  210960  1  QUEETS R     21.0016  3  H  NWC  QEQU  SALMON R FISH CULTUR  WA  QDNR  2010  2013  57  ‐150    
2013170038  635699  1  PRIEST RAPIDS   (36)  3  H  UPCR  MNPR  PRIEST RAPIDS HATCHERY  WA  WDFW  2010  2013  58  ‐148    
2013170039  210962  1  QUINAULT R   21.0398  3  H  NWC  QEQU  QUINAULT LK HATCHERY  WA  QDNR  2010  2013  58  ‐149    
2013170040  210960  1  QUEETS R     21.0016  3  H  NWC  QEQU  SALMON R FISH CULTUR  WA  QDNR  2010  2013  58  ‐149    
2013170041  090342  1  ELK R (ELK R HT)  3  H  SOOR  SIXE  ELK R HATCHERY  OR  ODFW  2009  2013        630 
2013170042  635088  1  WELLS HATCHERY  2  H  UPCR  WECH  CHELAN RIVER NP  WA  WDFW  2009  2013  58  ‐149    
2013170043  090281  1  ELK R (ELK R HT)  3  H  SOOR  SIXE  ELK R HATCHERY  OR  ODFW  2010  2013        630 
2013170044  635293  1  SKYKOMISH R  07.0012  2  H  NPS  SNOH  WALLACE R HATCHERY  WA  WDFW  2009  2013  58  ‐149    
2013170045  210911  1  QUINAULT R   21.0398  3  H  NWC  QEQU  QUINAULT LK HATCHERY  WA  QDNR  2009  2013        630 
2013170046  090343  1  SALMON R  3  H  NOOR  SIYA  SALMON R HATCHERY  OR  ODFW  2009  2013        630 
2013170047  210909  1  QUEETS R     21.0016  3  H  NWC  QEQU  SALMON R FISH CULTUR  WA  QDNR  2009  2013        630 
2013170048  181483  1  S‐Robertson Cr  3  H  WCVI  SWVI  H‐Robertson Creek H  BC  CDFO  2010  2013  58  ‐148    
2013170049  210909  1  QUEETS R     21.0016  3  H  NWC  QEQU  SALMON R FISH CULTUR  WA  QDNR  2009  2013  58  ‐148    
2013170050  210961  1  QUINAULT R   21.0398  3  H  NWC  QEQU  QUINAULT LK HATCHERY  WA  QDNR  2010  2013  58  ‐148    
2013170051  210910  1  QUINAULT R   21.0398  3  H  NWC  QEQU  QUINAULT LK HATCHERY  WA  QDNR  2009  2013  58  ‐148    
2013170052  635972  1  PRIEST RAPIDS   (36)  3  H  UPCR  MNPR  PRIEST RAPIDS HATCHERY  WA  WDFW  2010  2013  57  ‐150    
2013170053  042675  1  CHICKAMIN R 101‐71  2  H  SEAK  SESW  PORT SAINT NICHOLAS  AK  PWHA  2009  2013  58  ‐148    
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2013170054  635289  1  LTL WHITE SALMON‐NFH  8  H  CECR  KLIC  KLICKITAT HATCHERY (YKFP)  WA  YAKA  2009  2013  58  ‐148    
2013170055  042481  1  CRYSTAL CR  2  H  SEAK  SESE  CRYSTAL LK/ANITA BAY  AK  SSRA  2009  2013  57  ‐150    
2013170056  090443  1  COOS R ‐ PUBLIC  3  H  SOOR  COOS  BANDON HATCHERY  OR  ODFW  2010  2013        630 
2013170057  181476  1  S‐Atnarko R Up  2  H  COBC  CCST  H‐Snootli Creek H  BC  CDFO  2010  2013        630 
2013170059  090343  1  SALMON R  3  H  NOOR  SIYA  SALMON R HATCHERY  OR  ODFW  2009  2013        630 
2013170060  181475  1  S‐Atnarko R Low  2  H  COBC  CCST  H‐Snootli Creek H  BC  CDFO  2010  2013        630 
2013170061  210910  1  QUINAULT R   21.0398  3  H  NWC  QEQU  QUINAULT LK HATCHERY  WA  QDNR  2009  2013        630 
2013170062  210961  1  QUINAULT R   21.0398  3  H  NWC  QEQU  QUINAULT LK HATCHERY  WA  QDNR  2010  2013  57  ‐151    
2013170063  635978  1  LTL WHITE SALMON‐NFH  8  H  CECR  KLIC  KLICKITAT HATCHERY (YKFP)  WA  YAKA  2010  2013  57  ‐151    
2013170064  210961  1  QUINAULT R   21.0398  3  H  NWC  QEQU  QUINAULT LK HATCHERY  WA  QDNR  2010  2013  58  ‐148    
2013170065  090488  1  PRIEST RAPIDS   (36)  3  H  UPCR  PRGC  RINGOLD SPRINGS HATCHERY  WA  WDFW  2010  2013  57  ‐151    
2013170066  635579  1  METHOW & OKANOGAN  2  H  UPCR  MEOK  SIMILKAMEEN HATCHERY  WA  WDFW  2009  2013  58  ‐148    
2013170067  635295  1  WILLAPA R    24.0251  3  H  WILP  WILR  FORKS CREEK HATCHERY  WA  WDFW  2009  2013  57  ‐151    
2013170068  210961  1  QUINAULT R   21.0398  3  H  NWC  QEQU  QUINAULT LK HATCHERY  WA  QDNR  2010  2013  57  ‐150    
2013170069  635485  1  PRIEST RAPIDS   (36)  3  H  UPCR  MNPR  PRIEST RAPIDS HATCHERY  WA  WDFW  2009  2013  57  ‐150    
2013170070  210909  1  QUEETS R     21.0016  3  H  NWC  QEQU  SALMON R FISH CULTUR  WA  QDNR  2009  2013        630 
2013170071  090448  1  SALMON R  3  H  NOOR  SIYA  SALMON R HATCHERY  OR  ODFW  2010  2013        630 
2013170072  210910  1  QUINAULT R   21.0398  3  H  NWC  QEQU  QUINAULT LK HATCHERY  WA  QDNR  2009  2013        630 
2013170073  090448  1  SALMON R  3  H  NOOR  SIYA  SALMON R HATCHERY  OR  ODFW  2010  2013        630 
2013170074  090390  1  MCKENZIE HATCHERY  1  H  LOCR  WILL  MCKENZIE HATCHERY  OR  ODFW  2009  2013        630 
2013170075  220210  1  LYONS FERRY HATCHERY  8  H  SNAK  CLEA  NPT HATCHERY  ID  NEZP  2010  2013  57  ‐150    
2013170076  210962  1  QUINAULT R   21.0398  3  H  NWC  QEQU  QUINAULT LK HATCHERY  WA  QDNR  2010  2013        630 
2013170077  635088  1  WELLS HATCHERY  2  H  UPCR  WECH  CHELAN RIVER NP  WA  WDFW  2009  2013  57  ‐150    
2013170078  635295  1  WILLAPA R    24.0251  3  H  WILP  WILR  FORKS CREEK HATCHERY  WA  WDFW  2009  2013  57  ‐150    
2013170079  090385  1  WILLAMETTE R MID FK  1  H  LOCR  WILL  DEXTER PONDS (WILLAM  OR  ODFW  2009  2013  58  ‐148    
2013170080  090343  1  SALMON R  3  H  NOOR  SIYA  SALMON R HATCHERY  OR  ODFW  2009  2013  58  ‐148    
2013170081  220207  1  LYONS FERRY HATCHERY  8  H  SNAK  CLEA  NPT HATCHERY  ID  NEZP  2010  2013  58  ‐148    
2013170082  220121  1  LYONS FERRY HATCHERY  8  H  SNAK  UPSN  LYONS FERRY HATCHERY  ID  NEZP  2010  2013  58  ‐148    
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2013170083  090434  1  UMATILLA R  8  H  CECR  UMAT  UMATILLA HATCHERY  OR  ODFW  2010  2013  58  ‐148    
2013170084  210960  1  QUEETS R     21.0016  3  H  NWC  QEQU  SALMON R FISH CULTUR  WA  QDNR  2010  2013        630 
2013170085  610438  1  HANFORD REACH STOCK  8  W  UPCR  MNPR  NA  WA  CRFC  2010  2013        630 
2013170086  210909  1  QUEETS R     21.0016  3  H  NWC  QEQU  SALMON R FISH CULTUR  WA  QDNR  2009  2013  58  ‐148    
2013170087  092049  1  COLUMBIA R UPRIVER S  8  H  LOCR  SAND  BONNEVILLE HATCHERY  OR  ODFW  2010  2013  57  ‐150    
2013170088  635775  1  WELLS HATCHERY  2  H  UPCR  PRGC  WELLS HATCHERY  WA  WDFW  2010  2013        630 
2013170089  090343  1  SALMON R  3  H  NOOR  SIYA  SALMON R HATCHERY  OR  ODFW  2009  2013        630 
2013170090  054596  1  COLUMBIA R UPRIVER S  8  H  CECR  WIND  LTL WHITE SALMON NFH  WA  FWS  2009  2013  58  ‐148    
2013170091  210961  1  QUINAULT R   21.0398  3  H  NWC  QEQU  QUINAULT LK HATCHERY  WA  QDNR  2010  2013  58  ‐148    
2013170092  210962  1  QUINAULT R   21.0398  3  H  NWC  QEQU  QUINAULT LK HATCHERY  WA  QDNR  2010  2013  57  ‐150    
2013170093  635368  1  LTL WHITE SALMON‐NFH  8  H  CECR  KLIC  KLICKITAT HATCHERY (YKFP)  WA  YAKA  2009  2013        620 
2013170094  042483  1  CRYSTAL CR  2  H  SEAK  SESE  CRYSTAL LK/ANITA BAY  AK  SSRA  2009  2013        630 
2013170095  210909  1  QUEETS R     21.0016  3  H  NWC  QEQU  SALMON R FISH CULTUR  WA  QDNR  2009  2013        630 
2013170096  210960  1  QUEETS R     21.0016  3  H  NWC  QEQU  SALMON R FISH CULTUR  WA  QDNR  2010  2013        630 
2013170098  100152  1  PAH CH‐2  2  H  SNAK  SALM  PAHSIMEROI HATCHERY  ID  IDFG  2010  2013        630 
2013170099  090343  1  SALMON R  3  H  NOOR  SIYA  SALMON R HATCHERY  OR  ODFW  2009  2013        630 
2013170100  210910  1  QUINAULT R   21.0398  3  H  NWC  QEQU  QUINAULT LK HATCHERY  WA  QDNR  2009  2013        630 
2013170101  635687  1  METHOW R     48.0002  1  H  UPCR  MEOK  METHOW HATCHERY  WA  WDFW  2010  2013        630 
2013170102  210910  1  QUINAULT R   21.0398  3  H  NWC  QEQU  QUINAULT LK HATCHERY  WA  QDNR  2009  2013        630 
2013170103  090494  1  SANTIAM R N FK  1  H  LOCR  WILL  MARION FORKS HATCH  OR  ODFW  2010  2013        630 
2013170104  210959  1  HOKO R       19.0148  3  H  JUAN  LYHO  HOKO FALLS HATCHERY  WA  MAKA  2010  2013        630 
2013170105  210961  1  QUINAULT R   21.0398  3  H  NWC  QEQU  QUINAULT LK HATCHERY  WA  QDNR  2010  2013        630 
2013170106  210960  1  QUEETS R     21.0016  3  H  NWC  QEQU  SALMON R FISH CULTUR  WA  QDNR  2010  2013  57  ‐150    
2013170107  210961  1  QUINAULT R   21.0398  3  H  NWC  QEQU  QUINAULT LK HATCHERY  WA  QDNR  2010  2013  57  ‐150    
2013170108  210962  1  QUINAULT R   21.0398  3  H  NWC  QEQU  QUINAULT LK HATCHERY  WA  QDNR  2010  2013  57  ‐150    
2013170109  635364  1  WELLS HATCHERY  2  H  UPCR  PRGC  WELLS HATCHERY  WA  WDFW  2009  2013  57  ‐150    
2013170110  210961  1  QUINAULT R   21.0398  3  H  NWC  QEQU  QUINAULT LK HATCHERY  WA  QDNR  2010  2013  57  ‐150    
2013170111  635368  1  LTL WHITE SALMON‐NFH  8  H  CECR  KLIC  KLICKITAT HATCHERY (YKFP)  WA  YAKA  2009  2013  57  ‐150    
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2013170112  635690  1  METHOW & OKANOGAN  2  H  UPCR  MEOK  SIMILKAMEEN HATCHERY  WA  WDFW  2010  2013  57  ‐150    
2013170113  090443  1  COOS R ‐ PUBLIC  3  H  SOOR  COOS  BANDON HATCHERY  OR  ODFW  2010  2013  57  ‐150    
2013170114  210961  1  QUINAULT R   21.0398  3  H  NWC  QEQU  QUINAULT LK HATCHERY  WA  QDNR  2010  2013  57  ‐150    
2013170115  090538  1  MCKENZIE HATCHERY  1  H  LOCR  WILL  MCKENZIE HATCHERY  OR  ODFW  2010  2013        630 
2013170116  090448  1  SALMON R  3  H  NOOR  SIYA  SALMON R HATCHERY  OR  ODFW  2010  2013        630 
2013170117  210910  1  QUINAULT R   21.0398  3  H  NWC  QEQU  QUINAULT LK HATCHERY  WA  QDNR  2009  2013        630 
2013170118  051267  1  WELLS HATCHERY  2  H  UPCR  WECH  ENTIAT NFH  WA  FWS  2010  2013        630 
2013170119  190214  1  WELLS DAM       (47)  2  H  UPCR  YAKI  MARION YAKAMA TRIB HAT  WA  YAKA  2010  2013        630 

 

1Region: CECR=Central Columbia R. (Bonneville Dam to McNary Dam); COBC=Coastal British Columbia; FRTH=Fraser R.-
Thompson R.; JUAN=Strait of Juan de Fuca; LOCR=Lower Columbia R. (mouth to Bonneville Dam); NOOR=Northern Oregon 
Coast; NPS=Northern Puget Sound; NWC=North Washington Coast; SEAK=Southeastern Alaska; SNAK=Snake R. (ID); 
SOOR=South Coastal Oregon; UPCR=Upper Columbia R. (above McNary Dam; excluding Snake R). 
 
2Basin (if different than region): CLEA=Clearwater River (only) / ID; COOS=Coos R, Tenmile CR; COWL=Cowlitz R / WA; 
DESC=Deschutes R, Fifteenmile Cr / OR; GHLC=Grays Harbor, Lower Chehalis R; GREL=Grays R, Elokomin R; KLIC=Klickitat 
River, including below John Day Dam/WA; LYHO=Lyre R, Hoko R, Neah Bay; MEOK= Methow R.-Okanogan R./WA; 
MNPR=McNary Dam to Priest Rapids Dam, Walla Walla River/OR, WA; PRGC=Columbia R; Priest Rapids Dam to Grand Coulee; 
QEQU=Queets R- Quinault R, QUHO=Sooes River, Quillayute River, Hoh River, shoreline: Flattery Creek – Kalalock Creek; 
SALM=Salmon R / ID; SAND=Sandy R / OR; SENE=Southeastern Alaska, Northeastern Quadrant; SESE=Southeastern Alaska, 
Southeastern Quadrant; SESW=Southeastern Alaska, Southwestern Quadrant; SIXE=Sixes R.-Elk R.-Floras Cr.; SIYA=Siletz R, 
Yaquina R; SNOH=Snohomish R; SKNA=Skeena R; SWVI=SW Vancouver Island; TILN=Tillamook Bay, Nestucca R, including 
shoreline; TOMF=Thompson R (North & South Forks); UMAT=Umatilla R / OR; UPSN=Upper Snake R, above Lewiston / ID; 
WECH=Wenatchee R.-Entiat R.-Lk. Chelan/WA; WILL=Willamette River, Multnomah Channel, Milton Creek/OR; WILR=Willapa 
R; WIND=Wind River, White Salmon River, Major Creek/WA; YAKI=Yakima R / WA. 
 

3Agency: CDFO=Canadian Department of Fisheries and Oceans; CRFC=Columbia River Inter-Tribal Commission; FWS=US Fish and Wildlife 
Service; IDFG=Idaho Department of Fish & Game; MAKA=Makah Tribe (WA); NEZP=Nez Perce Tribe (ID); NISQ=Nisqually Tribe (WA); 
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ODFW=Oregon Department of Fish & Wildlife; QDNR=Quinault Department of Natural Resources (WA); QUIL=Quileute Tribe (WA); 
ROWH=Rowdy Creek Hatchery (CA); SUQ=Suquamish Tribe (WA); TULA=Tulalip Tribe (WA); WDFW=Washington Department of Fish & 
Wildlife; YAKA=Yakama Tribe (WA). 
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Table 6. Release and recovery information for CWT salmon (Oncorhynchus spp.) captured as bycatch in the Bering Sea-Aleutian Islands 

(BSAI) groundfish trawl fishery as sampled by the North Pacific Groundfish Observer Program.  .  Species: 1 = Chinook salmon; 
Run: 1 = Spring, 2 = Summer, 3 = Fall; Rearing type: H = hatchery, W = Wild; Release state: BC = British Columbia, OR = 
Oregon, WA = Washington.  NMFS_areas are shown in Appendix Figure 1. 
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2012091003  634787  1  KALAMA R     27.0002  1  H  LOCR  LEWI  FALLERT CR HATCHERY  WA  WDFW  2008  2012        517 
2012091014  210909  1  QUEETS R     21.0016  3  H  NWC  QEQU  SALMON R FISH CULTUR  WA  QDNR  2009  2013        509 
2012091015  180185  1  S‐Atnarko R Low  2  H  COBC  CCST  H‐Snootli Creek H  BC  CDFO  2008  2013  55  ‐164   
2013091002  090448  1  SALMON R  3  H  NOOR  SIYA  SALMON R HATCHERY  OR  ODFW  2010  2013        517 
2013091003  210962  1  QUINAULT R   21.0398  3  H  NWC  QEQU  QUINAULT LK HATCHERY  WA  QDNR  2010  2013        517 
2013091004  090343  1  SALMON R  3  H  NOOR  SIYA  SALMON R HATCHERY  OR  ODFW  2009  2012        517 
2013091005  210910  1  QUINAULT R   21.0398  3  H  NWC  QEQU  QUINAULT LK HATCHERY  WA  QDNR  2009  2012        517 

 

1Region: COBC=Coastal British Columbia; LOCR=Lower Columbia R. (mouth to Bonneville Dam); NOOR=Northern Oregon 
Coast; NWC=North Washington. 
 
2Basin (if different than region): CCST=Central British Columbia Coast; LEWI=Lewis river, Kalama R /WA; QEQU=Queets R- 
Quinault R; SIYA=Siletz R, Yaquina R.                                                                                   
 

3Agency: CDFO=Canadian Department of Fisheries and Oceans; ODFW=Oregon Department of Fish & Wildlife; QDNR=Quinault Department 
of Natural Resources (WA); WDFW=Washington Department of Fish & Wildlife.
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Table 7.  Release and recovery information for CWT salmon (Oncorhynchus spp.) captured in U.S. trawl research in the GOA.  

Species: 1 = Chinook salmon, 2 = coho salmon; Run: 1 = Spring, 2 = Summer, 3 = Fall, 4 = Winter, 7 = Late Fall (Coho), 8 
= Late Fall Upriver Bright Chinook; Rearing type: H = hatchery; Release state: AK = Alaska, OR = Oregon, WA = 
Washington. 
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2012050006  090442  1  COOS R ‐ PUBLIC  3  H  SOOR  COOS  MORGAN CR (COOS R)  OR  ODFW  2009  2012  58  ‐137 
2012050014  090480  1  HOOD R  1  H  CECR  HOO  HOOD R W FK  OR  ODFW  2010  2012  58  ‐137 

2012050024  635978  1 
LTL WHITE SALMON‐
NFH  8  H  CECR  KLIC 

KLICKITAT HATCHERY 
(YKFP)  WA  YAKA  2010  2012  58  ‐137 

2012050025  181397  1  S‐Cowichan R  3  H  GST  GSVI  R‐Cowichan R  BC  CDFO  2010  2012  58  ‐137 
2012050044  470170  2  TAMGAS CR  3  H  SEAK  SESE  TAMGAS CR 101‐25  AK  MIC  2010  2012  58  ‐137 
2012050045  055467  2  SOOES R      20.0015     H  NWC  QUHO  SOOES R      20.0015  WA  FWS  2010  2012  58  ‐137 
2012060003  055467  2  SOOES R      20.0015     H  NWC  QUHO  SOOES R      20.0015  WA  FWS  2010  2012  56  ‐135 
2012060011  635880  2  SATSOP R     22.0360     H  GRAY  GHLC  SATSOP R ‐EF 22.0360  WA  WDFW  2010  2012  56  ‐136 
2012060017  635586  2  SALMON R     21.0139     H  NWC  QEQU  SALMON R     21.0139  WA  QDNR  2010  2012  57  ‐137 
2012060027  635885  2  COWLITZ R    26.0002  7  H  LOCR  COWL  COWLITZ R    26.0002  WA  WDFW  2010  2012  58  ‐137 
2012060030  635586  2  SALMON R     21.0139     H  NWC  QEQU  SALMON R     21.0139  WA  QDNR  2010  2012  57  ‐137 
2012060032  636431  2  CHEHALIS‐UPR 23.0190     W  GRAY  UPCH  CHEHALIS‐UPR 23.0190  WA  WDFW  2010  2012  57  ‐137 
2012060035  042896  2  WHITMAN LK  3  H  SEAK  SESE  NEETS BAY 101‐90  AK  SSRA  2010  2012  57  ‐137 
2012060040  635869  2  HUMPTULIPS R 22.0004  7  H  GRAY  GHLC  STEVENS CR   22.0064  WA  WDFW  2010  2012  59  ‐144 
2012060042  635869  2  HUMPTULIPS R 22.0004  7  H  GRAY  GHLC  STEVENS CR   22.0064  WA  WDFW  2010  2012  59  ‐149 
2012060050  635885  2  COWLITZ R    26.0002  7  H  LOCR  COWL  COWLITZ R    26.0002  WA  WDFW  2010  2012  59  ‐150 
2012060055  635795  2  GRAYS R      25.0093  7  H  LOCR  GREL  GRAYS R ‐WF  25.0131  WA  WDFW  2010  2012  57  ‐149 
2012060056  042895  2  WHITMAN LK  3  H  SEAK  SEAK  NAKAT INLET 101‐10  AK  SSRA  2010  2012  57  ‐149 
2012060058  635873  2  LEWIS R      27.0168  3  H  LOCR  LEWI  LEWIS R ‐NF  27.0168  WA  WDFW  2010  2012  57  ‐149 
2012060067  054792  1  METHOW R     48.0002  1  H  UPCR  MEOK  METHOW R     48.0002  WA  FWS  2010  2012  56  ‐135 
2012060069  090497  1  SANTIAM R N FK  1  H  LOCR  WILL  SANTIAM R & N FK‐1  OR  ODFW  2010  2012  56  ‐135 
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2012060073  100178  1  POWELL  1  H  SNAK  CLEA  CLEAR CRK:CLWTR R  ID  IDFG  2010  2012  56  ‐135 
2012060075  090516  1  SANTIAM R N FK  1  H  LOCR  WILL  SANTIAM R & N FK‐1  OR  ODFW  2010  2012  56  ‐135 
2012060078  054584  1  WIND R       29.0023  1  H  CECR  WIND  WIND R       29.0023  WA  FWS  2010  2012  56  ‐135 
2012060082  054198  1  WARM SPRINGS R  1  H  CECR  DESC  WARM SPRINGS R  OR  FWS  2010  2012  56  ‐135 
2012060087  090532  1  WILLAMETTE R MID FK  1  H  LOCR  WILL  WILLAMETTE R M FK‐1  OR  ODFW  2010  2012  56  ‐136 
2012060088  052985  1  DWOR B  1  H  SNAK  CLEA  DWORSHAK NAT. HATCH  ID  FWS  2010  2012  56  ‐136 
2012060093  090485  1  UMATILLA R  1  H  CECR  UMAT  UMATILLA R  OR  ODFW  2010  2012  56  ‐135 
2012060095  090480  1  HOOD R  1  H  CECR  HOO  HOOD R W FK  OR  ODFW  2010  2012  56  ‐135 

2012060097  054742  1 
LEAVENWORTH 
HATCHERY  1  H  UPCR  WECH  ICICLE CR    45.0474  WA  FWS  2010  2012  56  ‐135 

2012060104  054214  1  METHOW R     48.0002  1  H  UPCR  MEOK  METHOW R     48.0002  WA  FWS  2010  2012  56  ‐135 
2012060107  055359  1  METHOW R     48.0002  1  H  UPCR  MEOK  METHOW R     48.0002  WA  FWS  2010  2012  56  ‐136 
2012060109  090538  1  MCKENZIE HATCHERY  1  H  LOCR  WILL  MCKENZIE R 1  OR  ODFW  2010  2012  56  ‐136 
2012060113  100186  1  POWELL  1  H  SNAK  CLEA  SELWAY R BY MEADW CR  ID  IDFG  2010  2012  56  ‐136 
2012060117  090537  1  MCKENZIE HATCHERY  1  H  LOCR  WILL  WILLAMETTE R CST FK  OR  ODFW  2010  2012  56  ‐136 
2012060120  100189  1  S FK SALMON  2  H  SNAK  SALM  SFK SAL@ KNOX BRIDGE  ID  IDFG  2010  2012  57  ‐136 
2012060121  220210  1  LYONS FERRY HATCHERY  8  H  SNAK  CLEA  NPT HATCHERY  ID  NEZP  2010  2012  57  ‐136 
2012060122  090469  1  UMATILLA R  1  H  CECR  UMAT  UMATILLA R  OR  ODFW  2010  2012  57  ‐136 

2012060123  635688  1 
METHOW & 
OKANOGAN  2  H  UPCR  MEOK  METHOW R     48.0002  WA  WDFW  2010  2012  57  ‐136 

2012060125  090520  1  SANTIAM R N FK  1  H  LOCR  WILL  SANTIAM R & N FK‐1  OR  ODFW  2010  2012  57  ‐136 
2012060126  635687  1  METHOW R     48.0002  1  H  UPCR  MEOK  METHOW R     48.0002  WA  WDFW  2010  2012  57  ‐136 
2012060133  636075  1  TUCANNON R CAPTIVE  1  H  SNAK  LOSN  TUCANNON R   35.0009  WA  WDFW  2010  2012  57  ‐136 
2012060134  100184  1  S FK CLEARWATER  1  H  SNAK  CLEA  RED RIVER REARING PD  ID  IDFG  2010  2012  57  ‐136 
2012060137  090395  1  LOOKINGGLASS CR  1  H  SNAK  GRIA  LOOKINGGLASS CR  OR  ODFW  2010  2012  57  ‐136 
2012060140  090471  1  UMATILLA R  1  H  CECR  UMAT  UMATILLA R  OR  ODFW  2010  2012  57  ‐136 
2012060141  220113  1  CLEARWATER MIX  1  H  SNAK  CLEA  LOLO CRK  ID  NEZP  2010  2012  57  ‐136 
2012060142  090538  1  MCKENZIE HATCHERY  1  H  LOCR  WILL  MCKENZIE R 1  OR  ODFW  2010  2012  57  ‐137 
2012060143  635687  1  METHOW R     48.0002  1  H  UPCR  MEOK  METHOW R     48.0002  WA  WDFW  2010  2012  57  ‐137 
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2012060152  635774  1  WELLS HATCHERY  2  H  UPCR  WECH  CHELAN R     47.0052  WA  WDFW  2010  2012  57  ‐136 
2012060153  055240  1  METHOW R     48.0002  1  H  UPCR  MEOK  METHOW R     48.0002  WA  FWS  2010  2012  57  ‐136 
2012060156  090394  1  LOOKINGGLASS CR  1  H  SNAK  GRIA  LOOKINGGLASS CR  OR  ODFW  2010  2012  57  ‐137 
2012060157  100150  1  S FK SALMON  2  H  SNAK  SALM  SFK SAL@ KNOX BRIDGE  ID  IDFG  2010  2012  57  ‐137 

2012060162  054733  1 
LEAVENWORTH 
HATCHERY  1  H  UPCR  WECH  ICICLE CR    45.0474  WA  FWS  2010  2012  57  ‐137 

2012060163  055361  1  METHOW R     48.0002  1  H  UPCR  MEOK  METHOW R     48.0002  WA  FWS  2010  2012  57  ‐137 
2012060165  055361  1  METHOW R     48.0002  1  H  UPCR  MEOK  METHOW R     48.0002  WA  FWS  2010  2012  58  ‐137 
2012060170  090395  1  LOOKINGGLASS CR  1  H  SNAK  GRIA  LOOKINGGLASS CR  OR  ODFW  2010  2012  58  ‐137 

2012060176  054735  1 
LEAVENWORTH 
HATCHERY  1  H  UPCR  WECH  ICICLE CR    45.0474  WA  FWS  2010  2012  58  ‐137 

2012060178  100150  1  S FK SALMON  2  H  SNAK  SALM  SFK SAL@ KNOX BRIDGE  ID  IDFG  2010  2012  58  ‐137 
2012060179  090283  1  LOSTINE R ENDEMIC  1  H  SNAK  GRIA  LOSTINE R  OR  ODFW  2010  2012  58  ‐137 
2012060181  100179  1  POWELL  1  H  SNAK  CLEA  SELWAY R BY MEADW CR  ID  IDFG  2010  2012  58  ‐137 
2012060182  100182  1  POWELL  1  H  SNAK  CLEA  POWELL REARING PONDS  ID  IDFG  2010  2012  58  ‐137 
2012060184  100187  1  SALMON R  1  H  SNAK  SALM  SAWTOOTH HATCHERY  ID  IDFG  2010  2012  58  ‐137 
2012060185  055361  1  METHOW R     48.0002  1  H  UPCR  MEOK  METHOW R     48.0002  WA  FWS  2010  2012  58  ‐137 
2012060192  103471  1  S FK CLEARWATER  1  H  SNAK  CLEA  RED RIVER REARING PD  ID  IDFG  2010  2012  58  ‐137 
2012060198  210978  1  SOL DUC R   20.0096  2  H  NWC  QUHO  SOL DUC R   20.0096  WA  QUIL  2010  2012  58  ‐136 
2012060199  635774  1  WELLS HATCHERY  2  H  UPCR  WECH  CHELAN R     47.0052  WA  WDFW  2010  2012  58  ‐136 
2012060205  090481  1  DESCHUTES R  1  H  CECR  DESC  DESCHUTES R‐2/OR  OR  ODFW  2010  2012  57  ‐137 

2012060207  635689  1 
METHOW & 
OKANOGAN  2  H  UPCR  MEOK  METHOW R     48.0002  WA  WDFW  2010  2012  58  ‐137 

2012060209  054585  1  WILLARD (L WHT SALM)  1  H  CECR  WIND 
L WHITE 
SALMON@WILRD  WA  FWS  2010  2012  58  ‐137 

2012060210  090480  1  HOOD R  1  H  CECR  HOO  HOOD R W FK  OR  ODFW  2010  2012  58  ‐137 
2012060214  090480  1  HOOD R  1  H  CECR  HOO  HOOD R W FK  OR  ODFW  2010  2012  58  ‐137 
2012060216  090395  1  LOOKINGGLASS CR  1  H  SNAK  GRIA  LOOKINGGLASS CR  OR  ODFW  2010  2012  58  ‐137 
2012060217  190261  1  YAKIMA R‐UPR 39.0002  1  H  UPCR  YAKI  EASTON POND     (39)  WA  YAKA  2010  2012  58  ‐137 
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2012060218  051267  1  WELLS HATCHERY  2  H  UPCR  WECH  ENTIAT R     46.0042  WA  FWS  2010  2012  58  ‐137 
2012060219  090469  1  UMATILLA R  1  H  CECR  UMAT  UMATILLA R  OR  ODFW  2010  2012  58  ‐137 
2012060223  635687  1  METHOW R     48.0002  1  H  UPCR  MEOK  METHOW R     48.0002  WA  WDFW  2010  2012  59  ‐140 
2012060226  090475  1  SANDY R (SANDY HT)  1  H  LOCR  SAND  CEDAR CR #1 (SANDY R  OR  ODFW  2010  2012  59  ‐140 
2012060228  100188  1  S FK SALMON  2  H  SNAK  CLEA  CROOKED RIVER TRAP  ID  IDFG  2010  2012  59  ‐140 
2012060230  090532  1  WILLAMETTE R MID FK  1  H  LOCR  WILL  WILLAMETTE R M FK‐1  OR  ODFW  2010  2012  59  ‐140 
2012060233  636080  1  SNAKE R‐LOWR 33.0002  3  H  SNAK  LOSN  LYONS FERRY REL.SITE  WA  WDFW  2010  2012  59  ‐140 
2012060235  100152  1  PAH CH‐2  2  H  SNAK  SALM  PAHSIMEROI HATCHERY  ID  IDFG  2010  2012  59  ‐140 
2012060238  090530  1  WILLAMETTE R MID FK  1  H  LOCR  WILL  WILLAMETTE R M FK‐1  OR  ODFW  2010  2012  59  ‐139 
2012060242  100186  1  POWELL  1  H  SNAK  CLEA  SELWAY R BY MEADW CR  ID  IDFG  2010  2012  59  ‐144 

 

 
1Region: CECR=Central Columbia R. (Bonneville Dam to McNary Dam); GRAY=Grays Harbor; GST=Georgia Strait; 
LOCR=Lower Columbia R. (mouth to Bonneville Dam); NWC=North Washington Coast, SEAK=Southeastern Alaska; 
SNAK=Snake R. (ID); UPCR=Upper Columbia R. (above McNary Dam; excluding Snake R.). 
 
2Basin (if different than region): CLEA=Clearwater River (only) / ID; COOS=Coos R, Tenmile CR; COWL=Cowlitz R / WA; 
DESC=Deschutes R, Fifteenmile Cr / OR; GHLC=Grays Harbor, Lower Chehalis R; GREL=Grays R, Elokomin R; GRIA=Grande 
Ronde R, Imnaha R, Asotin Cr / OR, WA; GSVI=Georgia Strait – Vancouver Island; HOO=Hood R / OR; KLIC=Klickitat River, 
including below John Day Dam/WA; LEWI=Lewis River, Kalama River/WA; LOSN=Lower Snake River / WA, ID, below conf. 
Clearwater River, Palouse River, Tucannon River; MEOK=Methow R.-Okanogan R./WA; QEQU=Queets R- Quinault R, 
QUHO=Sooes River, Quillayute River, Hoh River, shoreline: Flattery Creek – Kalalock Creek; SALM=Salmon R / ID; 
SAND=Sandy R / OR; SEAK=Southeastern Alaska; SESE=Southeastern Alaska, Southeastern Quadrant; UMAT=Umatilla River, 
includes above confluence Glade Creek/WA to below McNary Dam/OR; UPCH=Upper Chehalis R; WECH=Wenatchee R.-Entiat 
R.-Lk. Chelan/WA; WILL=Willamette River, Multnomah Channel, Milton Creek/OR; WIND=Wind River, White Salmon River, 
Major Creek/WA; YAKI=Yakima R / WA.                                                                                     
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3Agency: CDFO =Canadian Department of Fisheries and Oceans; FWS=US Fish and Wildlife Service; IDFG=Idaho Department of Fish & Game; 
MIC=Metlakatla Indian Community (AK); NEZP=Nez Perce Tribe (ID); NISQ=Nisqually Tribe (WA); ODFW=Oregon Department of Fish & 
Wildlife; QDNR=Quinault Department of Natural Resources (WA); QUIL=Quileute Tribe (WA); SSRA= Southern Southeast Regional 
Aquaculture Association (AK); WDFW=Washington Department of Fish & Wildlife; YAKA=Yakama Tribe (WA). 
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Appendix Fig 1.  U.S. National Marine Fisheries Service (NMFS) statistical areas in the Bering Sea and Aleutian Islands (left panel) and 
Gulf of Alaska right panel). 
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ABTSTRACT 
 
In this document, we present the juvenile salmon research surveys that have been 
planned in both the offshore and inshore areas by Canada for 2014-2015. The offshore 
program will conduct sampling off the west coast of British Columbia, whereas the 
inshore program will conduct sampling in the Strait of Georgia and Puget Sound. In 
addition to these two long-term programs, Canada will conduct three research projects in 
nearshore waters: 1) weekly purse seine survey in Johnstone Strait to monitor the 
northward migration of juvenile Fraser River Sockeye Salmon (May-July), 2) purse seine 
surveys in Cowichan Bay on the east coast of Vancouver Island as part of a study 
examining the factor causing mortality of juvenile Chinook Salmon in Southern British 
Columbia, and 3)  a mid-water trawl survey performed with a small net (4m x 4m) to 
describe the dispersion of juvenile Chinook Salmon in nearshore waters. 
 
 
INTRODUCTION 
 
Pacific salmon have a complex life cycle that involves a freshwater phase for spawning 
and rearing, as well as an ocean phase where they spend the greater part of their lives 
and gain the bulk of their mass and energy necessary for successfully completing their 
spawning migration (Groot and Margolis 1991). Pacific salmon experience heavy and 
highly variable losses in the ocean, with natural mortality rates generally exceeding 90-
95% during their marine life (Bradford 1995). Most of this mortality is thought to occur 
during two critical periods: an early predation-based mortality that occurs within the first 
few weeks to months following ocean entry and a starvation-based mortality that occurs 
following their first winter at sea (Beamish and Mankhen 2001). Hence, Canada currently 
maintains two long-term research and monitoring programs on the marine biology of 
Pacific salmon to understand the processes regulating Pacific salmon production in the 
marine environment, the interactions between wild and hatchery-reared salmon, the 
potential interactions between wild/hatchery salmon and aquaculture production, the 
impacts of ocean conditions and climate change on marine ecosystems and salmon 
resources, and to provide a sound scientific basis for optimizing hatchery production 
(Trudel et al. 2013).   
 
In 2014-2015, the offshore program will conduct sampling off the west coast of British 
Columbia, whereas the inshore program will conduct sampling in the Strait of Georgia 
and Puget Sound. In addition to these two long-term programs, Canada will conduct 
three research projects in nearshore waters: 1) weekly purse seine survey in Johnstone 
Strait to monitor the northward migration of juvenile Fraser River Sockeye Salmon (May-
July), 2) purse seine surveys in Cowichan Bay on the east coast of Vancouver Island as 
part of a study examining the factor causing mortality of juvenile Chinook Salmon in 
Southern British Columbia, and 3)  a mid-water trawl survey performed with a small net 
(4m x 4m) to describe the dispersion of juvenile Chinook Salmon in nearshore waters. In 
this document, we present the juvenile salmon research surveys that have been planned 
in both the offshore and inshore areas by Canada for 2014-2015.  
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JUVENILE SALMON RESEARCH SURVEYS 
 
TRAWL AND PURSE SEINE SURVEYS 
GENERAL SURVEY INFORMATION 
Four integrated epipelagic mid-water trawl surveys have been planned for the CCGS 
W.E. Ricker (3) and chartered commercial trawler (1) in 2014-15.   The early summer 
(June 24-July 21, 2014) and fall survey (September 16-November 8, 2014) will be 
conducted by the W.E. Ricker and are continuations of surveys that have been 
conducted for the past 10-15 years.  These surveys will focus on the water bodies 
surrounding Vancouver Island as well as the central coast of British Columbia and will 
include the Strait of Georgia, Gulf Islands, Juan de Fuca Strait, Johnstone Strait, Queen 
Charlotte Strait, Queen Charlotte Sound, the west coast of Vancouver Island, and Puget 
Sound (Table 1-2; Figure 1-2).  An additional survey will be conducted in the Strait of 
Georgia during early June (approximately May 31-June 9) using a chartered commercial 
trawler. The survey will follow the same track line as the surveys conducted by the W.E. 
Ricker in this region (Table 3, Figure 2).  During the winter (March 5-16, 2015) a survey 
will be conducted by the W.E. Ricker  and will focus on the waters between Vancouver 
Island and the mainland of BC (Table 4, Figure 1-2).    The primary objectives of these 
surveys will be to (1) collect biological information on Pacific salmon (Oncorhynchus 
spp.) and associated epipelagic fish community, (2) collect DNA samples for stock 
identification purposes and to examine stock specific information on migration timing and 
distribution of juvenile salmon, (3) describe the ambient oceanographic conditions, and 
(4) quantify the biomass of zooplankton and describe zooplankton species community 
composition in coastal waters of British Columbia.   
 
Five mid-water trawl surveys have also been planned for the CCGS Neocaligus (Table 
5).   This vessel will be equipped with a 4 m x 4 m trawl to access shallow waters.  The 
primary objectives of these surveys will be to investigate the distribution and migration of 
juvenile Fraser River and Cowichan Bay salmon in the nearshore areas (Figure 3-4).  
 
Purse seine surveys are planned for two regions in 2014: lower Johnstone Strait and 
Cowichan Bay (Figure 3-4).  In Johnstone Strait the primary objective of the survey will 
be to determine the timing of migration of juvenile Sockeye Salmon from the Fraser 
River through this region.  DNA samples will be collected to allow this to be examined at 
a stock level.  This survey, in conjunction with the trawl surveys in the Strait of Georgia, 
will also be examining changes in condition and level of growth of the juvenile Sockeye 
Salmon during this critical early marine.  In Cowichan Bay the primary objective of the 
survey will be to examine changes in condition and growth of both hatchery-reared and 
wild Cowichan River Chinook Salmon during the early marine period as part of a 
program to examine factors regulating early marine survival.   
 
Additional scientists are encouraged to participate on any of these surveys, pending 
security clearance, which generally requires several months advance effort, and the 
number of berths available. 
 
FISHING GEAR AND FISHING OPERATION 
The CCGS W.E. Ricker and chartered vessel will fish a mid-water trawl with small mesh 
bunt to retain juvenile salmon.  The net is generally fished at 4.5 – 5 knots for 30 minutes 
either at the surface, 15m, 30m, 45m or 60m with occasional sets conducted at deeper 
depths.  Fishing is conducted during daylight hours.  The net design and survey 
methodology is fully described in Beamish et al. (2000), Sweeting et al. (2003) and 
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Trudel et al. (2013).   In good sea conditions, this configuration typically achieves a 
mouth opening that is approximately 30 m wide by 15 m deep as measured acoustically 
by a Scanmar trawl eye mounted on the headrope.  Vessel details for the CCGS W.E. 
Ricker can be found at: http://www.ccg-gcc.gc.ca/Fleet/Vessel?vessel_id=116. 
 
The CCGS Neocaligus will fish a small mid-water trawl at about 4 knots in the surface 
nearshore waters of the southern Strait of Georgia and Gulf Islands.  The net opening is 
4m x 4m with small mesh bunt to retain juvenile salmon.   Fishing will be conducted 
during daylight hours.  Set duration will be 30 minutes unless limited by fishing area.    
Vessel details for the CCGS Neocaligus can be found at: http://www.ccg-
gcc.gc.ca/Fleet/Vessel?vessel_id=86. 
 
Purse seine operations will be conducted from chartered commercial salmon seine 
vessels using a 300 m purse seine with small mesh bunt (0.5cm) designed for retaining 
juvenile fish.  Fishing will be weekly or bi-weekly depending on region and will occur 
from early May through mid-July 2014.   Fishing will occur in daylight hours and in 
Johnstone Strait will be during slack tides.  To reduce mortality, the purse seine is not 
completely dried on recovery.  The bunt is left submerged to allow the fish to remain 
swimming in a pool alongside the fishing vessel.   
 
On all trawl surveys, the cod end of net is emptied into 40 litre totes.  The catch is sorted 
by species.  On the purse seine surveys non salmon catch is enumerated and released, 
as much as possible, directly from the bunt of net.  When possible a similar procedure is 
used for Pink Salmon and Chum Salmon.  The remainder of the juvenile salmon are 
transferred by dip net to a live tank on board vessel.  These salmon are sorted and Coho 
Salmon, Chinook Salmon and Sockeye Salmon are placed into individual live tanks for 
subsequent sampling.   
 
For all surveys all catch is enumerated and measured onboard the ship to characterize 
the nekton community in epipelagic waters of British Columbia and Puget Sound 
(Brodeur et al. 2006; Orsi et al. 2007).   The numbers of fish sampled for the different 
surveys and areas varies depending on the primary objectives of the survey.  A general 
outline of sample numbers is provided in Table 8.   The overall sampling protocols 
remain consistent among the surveys. 
 
For all surveys Coho Salmon, Chinook Salmon and Sockeye Salmon are scanned and 
examined for the presence of CWT, pit tag and fin clips, clips of pelvic and pectoral fins, 
while not as prevalent as in years past, are also recorded. For all juvenile salmon 
species collected, a random sub-sample (Table 8) are measured and weighed.  Tissue 
from the operculum (using a hole-punch) or a caudal fin clip is preserved in 95% ethanol 
for s stock identification using microsatellite DNA (Beacham et al. 2001, 2005, 2006).  In 
addition, calcified-structures (i.e. scales and otoliths) are sampled for age determination.  
 
Stomach contents (from cardiac to pyloric constrictions) of juvenile salmon are removed 
for dietary analyses either directly on board the ship or in the laboratory (Brodeur et al. 
2007; Sweeting and Beamish 2009). Estimates of % fullness, total volume and degree of 
overall digestion are recorded. Finally, the entire stomach contents are broken down into 
percent contribution by individual prey groups. Dependent on particular items, the level 
of prey identification is at least to family, but often to the genus level (e.g., Sweeting and 
Beamish 2009, Duffy et al. 2010).  When time permits, stomach of certain non-salmonids 
species are also examined (e.g., Pacific Hake, Spiny Dogfish, Walleye Pollock, Pacific 
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Herring). The diet analyst has been the same trained, qualified person for all of the 
surveys and is the same individual that performs diet analysis in the laboratory at the 
Pacific Biological Station (PBS). A subsample of the catch is preserved frozen 
individually at –20ºC or -80ºC for various chemical and calorimetric analyses such as 
stable isotopes, for additional DNA samples if required and for laboratory examination of 
stomach contents.   
 
Biological data collected for each salmon include species common name, fork length 
(mm) and/or total length (mm), and observed fin clip. It will also include, when available, 
whole body weight (g wet), sex, stomach content weight (g wet), % water that is based 
on the ratio of dry to wet whole body weight, coded wire tag number, and pit tag number.  
Age separation is generally determined based on examination of fork length distributions 
that showed non-overlapping size modes for Chum Salmon, Coho Salmon, Pink 
Salmon, and Sockeye Salmon (Trudel et al. 2007a).  For Chinook Salmon, we used a 
combination of coded-wire tag recoveries of known-age fish, DNA analyses and scale 
pattern to separate juveniles from adults, and life history types (Fisher et al. 2007; Trudel 
et al. 2007b, 2009), as there is considerable overlap among size modes that represent 
the multiple age groups.   
 
In addition to these biological data, blood plasma will be extracted from a subsample of 
the catch to measure the hormone Insulin Growth Factor-I (IGF-I) to map the growth 
performance of juvenile salmon in the Strait of Georgia and surrounding waters 
(Beckman 2011; Ferris et al., in press). A subsample of 5-10 salmon will also be taken 
immediately upon retrieval of the catch, with emphasis on the liveliest fish and tissue 
samples (muscle, brain, liver etc), and immediately frozen in liquid nitrogen, dry ice or -
80ºC Ultra cold freezer or preserved in RNA-later for gene expression studies in Pacific 
salmon that are performed in conjunction with K. Miller-Saunders at the Pacific Biological 
Station (Miller et al. 2013; in press). 
 
OCEANOGRAPHIC SAMPLING 
At oceanographic stations, the scientific crew will conduct CTD (conductivity-
temperature-depth) casts. On some surveys oceanographic sampling will also (1) collect 
seawater samples at 10 m from the surface with a Niskin bottle for nitrate, phosphate, 
silicate, and salinity, and (2) filter surface seawater on GF/F glass fibre filter disks for 
chlorophyll a. Nitrate, phosphate, and silicate samples will be collected in acid-washed 
glass test tubes, whereas the glass fiber disks will be folded and placed in polypropylene 
scintillation vials. All these samples will be stored frozen.  CTD casts will be conducted 
to 250 m or within 5 m of the bottom with a Seabird SBE 911+ probe. Several calibration 
samples from selected CTD casts will be collected over the course of the survey with 
Niskin bottles at depths where the salinities are stable. The oceanographic data 
collected in these surveys will be stored on a database maintained at the Institute of 
Ocean Sciences (Sidney, British Columbia).  
 
ZOOPLANKTON SAMPLING 
Vertical bongo tows will be conducted with two 57 cm diameter Nitex nets (mesh 253 
µm) to approximately 150 m or within 10 m of the bottom. One of the nets is equipped 
with a flowmeter. Zooplankton collected from the flowmeter side will be preserved in 
10% formalin and sent to the zooplankton laboratory at the Institute of Ocean Sciences, 
Fisheries and Oceans Canada (Sidney, BC) for species classification and enumeration.  
Zooplankton taken from the net without flowmeter will be sorted into four size fractions 
by successively sieving through 8.0, 1.7, 1.0, and 0.25 mm screens. Each size fraction 
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will then be weighed wet, dried at 60ºC for 48 hours, re-weighed, and stored in plastic 
bags for future stable isotope, bomb calorimetry, and proximate analyses. The 
zooplankton data collected in these surveys will be stored on a database maintained at 
the Institute of Ocean Sciences (Sidney, British Columbia).  
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Table 1.  Tentative summer survey itinerary for the CCGS WE Ricker (June 24 – July 
21, 2014).  
 
Date General area of operations 
  
June 24 PBS Nanaimo, loading 
June 25-July 7 Strait of Georgia, Gulf Island, eastern Discovery Islands 
  
July 8-10 Western Discovery Islands, Johnstone Strait, Queen 

Charlotte Strait 
July 11-13 Hecate Strait and associated inlets  
July 14-16 Queen Charlotte Sound, Jonstone Strait and travel 
July 17-19 
July 20 

Juan de Fuca and Puget Sound 
PBS Nanaimo, unloading 

  
 
 
 
Table 2.  Tentative fall survey itinerary for the CCGS WE Ricker (September 16 – 
November 8, 2014). 
 
Date General area of operations 
  
September 16 PBS Nanaimo, loading 
September 17-30 Strait of Georgia, eastern Discovery Islands, Gulf Islands 
October 1-6 Johnstone Strait, Queen Charlotte Strait, Howe Sound 
October 7-12 Strait Puget Sound and Juan de Fuca Strait 
October 13-14 Nanaimo – Crew Change & Maintenance 
October 15-23 West Coast Vancouver Island 
October 24-November 7 Queen Charlotte Sound, Central and North Coast 
November 8 PBS Nanaimo, unloading 
  

 
 
 
Table 3.  Tentative winter survey itinerary the CCGS WE Ricker (March 5-16, 2015). 
 
Date General area of operations 
  
March 5 PBS Nanaimo, loading 
March 6-7 Gulf Islands  
March 8-16 Strait of Georgia 
March 16 PBS Nanaimo, off loading 
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Table 4.  Tentative spring survey itinerary for the chartered vessel (May 31- June 9, 
2014). 
 
Date General area of operations 
  
May 31 PBS Nanaimo, loading 
June 1-9 Strait of Georgia, Discovery Islands (East)  
June 9 PBS Nanaimo, off loading 
  

 
 
 
Table 5.  Tentative schedule and itinerary for the CCGS Neocaligus  
 
Date General area of operations 
  
April 14-18 Gulf Islands, Roberts Banks, Howe Sound 
May 19-23 Gulf Islands, Roberts Banks, Howe Sound 
June 23-26 Gulf Islands, Roberts Banks, Howe Sound 
July 21-24 Gulf Islands, Roberts Banks, Howe Sound 
September 11-16 Gulf Islands, Roberts Banks, Howe Sound 
  

 
 
 
Table 6. Tentative schedule for the purse seine survey in Johnstone Strait  
 
Date 
 
May 23-24 
May 29-30 
June 5-6 
June 13-14 
June 20-21 
June 26-27 
July 3-4 
 
 
 

 8



Table 7. Tentative schedule for the beach and purse seine surveys in Cowichan Bay  
 
Week 
 
May 8-9 
May 20-21 
June 2-3 
June 23-24 
July 15-16 
 
 
 
 
Table 8.  General sampling information (species and sample size) by gear type 
 
 Species 250 Trawl 4x4 trawl Purse seine 
Enumerated All 

 
All All All 

Random 
sample length 
 

Non salmon 50-200 50-200 30-50 

Biological 
sampling 

Juvenile 
salmon 

20-100 
(At sea) 

20-100 
(At sea) 

30-50 
(Frozen -80) 
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Figure 1.  Tentative survey stations for the CCGS WE Ricker on the west coast of 
Vancouver Island, Queen Charlotte Sound and Queen Charlotte Strait.  
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Johnstone Strait 
purse seine 

(Cowichan Bay) 

 
 
Figure 2. Generalized map of Strait of Georgia, British Columbia. Track lines for the July 
and September surveys are shown in red. The Gulf Islands region is in the south-west 
portion of the strait, bounded by Vancouver Island on the western side. Boundary Bay 
extends south from Point Roberts along the eastern shoreline. Puget Sound set 
locations are not shown in this map but region is circled. Juan de Fuca strait tracklines 
are essentially along either shoreline, as the middle areas are traffic lanes. Eastern 
Discovery Islands included the purple dashed lines at northern end of Strait of Georgia 
and lower portions of Bute and Toba Inlet.  The purse seines surveys will be conducted 
in the southern Johnstone Strait (purple circle) and Cowichan Bay in the Gulf Islands. 
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Roberts Bank 
4x4 trawl 
study  area 

Cowichan 
Bay purse 
seine and 
4x4 trawl 
study area 

 
Figure 3.  Region of study in Cowichan Bay (red circle) and Roberts Bank region 
(green circle) in the southern Strait of Georgia and Gulf Islands. 
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Southern 
Johnstone Strait 
purse seine 
study area 

Figure 4.  Region of purse seine surveys in southern Johnstone Strait (red 
circile).  All juvenile salmon migrating north from the Strait of Georgia pass 
through this channel. 
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Northern Bering Sea Surface Trawl Survey Plan for 2014 

 
 Keywords: juvenile salmon, Chinook Salmon Research Initiative, northern Bering Sea 

 

Abstract 

This survey plan details the proposed sampling of juvenile salmon in the northern Bering 
Sea in August-September 2014.  This represents the first year of a three-year collaborative 
project between Alaska Department of Fish and Game and Alaska Fisheries Science 
Center, Auke Bay Laboratories (ABL), with funding from the State of Alaska Chinook 
Salmon Research Initiative.   This project builds upon prior juvenile salmon surveys 
conducted in the northern Bering Sea and led by ABL.   
 
Introduction 
 
Scientists from Alaska Department of Fish and Game (ADF&G) and the Alaska Fisheries 
Science Center’s Ecosystem Monitoring and Assessment Program, will conduct a joint 
survey during late summer and fall 2014 within the northern Bering Sea.  The survey is 
conducted as part of the State of Alaska Chinook Salmon Research Initiative and will 
employ two vessels with overlapping survey timing.  Primary objectives of the survey will 
be to: 1) collect biological and oceanographic information pertinent to juvenile salmon in 
the region; and 2) calibrate trawl catches/transition to a smaller and more economical 
survey platform.   The calibration and transition effort is expected to continue over the 
course of two additional survey years.  The ultimate goal of this project is to develop a 
smaller trawl/smaller vessel alternative to the established northern Bering Sea surveys, 
which may be more economically viable for annual, long-term monitoring of juvenile 
salmon in this region. 
 
Survey 
 
Pelagic trawl surveys will collect information on salmon, other pelagic fish, and 
oceanographic conditions in the northern Bering Sea shelf (north of 60N), including 
locations within Norton Sound and the Bering Sea Strait aboard a larger chartered fishing 
vessel, F/V Alaska Endeavor, and ADF&G’s R/V Pandalus. The smaller vessel (R/V 
Pandalus) survey will begin 7 August 2014 through 19 August 2014, and again 25 August 
2014 through 7 September 2014, out of Nome, Alaska  The larger vessel (F/V Alaska 
Endeavor) will begin 31 August 2014 in Dutch Harbor, Alaska and end on 24 September in 
Dutch Harbor, Alaska.  The smaller and larger vessel surveys will include a total of 27 and 
25 sea days, respectively.  Trawls will be conducted on 20 and 30 nmi sampling grids for 
the smaller and larger vessels, respectively. (Fig. 1, 2; Table 1) 
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Fish samples will be collected using a midwater rope trawl.  At most stations, the net will 
be towed at or near the surface for 30 minutes at speeds between 3.5 and 5 kts.  All fish 
species will be counted and standard biological measurements including length and weight 
will be taken from subsamples of each species.  Additionally, biological and physical 
oceanographic data will be collected at each trawl station sampled by the F/V Alaska 
Endeavor.   
  
Calibration of juvenile salmon abundance estimates among the two survey platforms will 
be accomplished using two techniques: 1) direct comparison of abundance estimates for 
areas sampled by both vessels; 2) side-by-side paired trawl estimates of catch and fishing 
power, similar to Murphy et al. (2003) and Wertheimer et al. (2008).  
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Table 1. Tentative cruise itinerary for the joint surface trawl surveys in the northern Bering 
Sea.  
 
F/V Alaska Endeavor 
 
Date  Location/Activity 
 
LEG 1 
Aug 30 -31 Embark scientific party/Load Gear (Dutch Harbor, AK) 
Sep 1-3    Transit to Norton Sound 
Sep 4-6 Complete paired trawling with R/V Pandalus 
Sep 7-10 Sample Norton Sound and Bering Strait stations (Fig. 1) 
Sep 11 Inport Nome, AK, crew change 
LEG 2 
Sep 11 Depart Nome, AK 
Sep 12-21 Sample northern Bering Sea stations offshore of Yukon River (Fig. 1) 
Sep 22-23 Transit to Dutch Harbor, AK 
Sep 24 Inport Dutch Harbor, AK, offload gear 
 
 
R/V Pandalus 
 
Date  Location/Activity 
 
LEG 1 
Aug 6-7 Embark scientific party/Load Gear (Nome, AK) 
Aug 7-19    Sample northern Bering Sea stations offshore of Yukon River (Fig. 2) 
Aug 20-24 Inport Nome, AK, crew change 
LEG 2 
Aug 25-Sep 3 Sample Norton Sound and Bering Strait stations (Fig. 2) 
Sep 4-6 Complete paired trawling with F/V Alaska Endeavor 
Sep 7 Inport Nome, AK, offload gear 
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Nome, AK 

Figure 1 Proposed stations for surface trawl survey in the northern Bering Sea, conducted by F/V 
Alaskan Endeavor. 
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Nome, AK 

Figure 2 Proposed stations for surface trawl survey in the northern Bering Sea, conducted by R/V 
Pandalus. 
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Abstract 

This report presents preliminary estimates of Canadian salmon abundance time series partitioned into 
hatchery- and wild-origin fish for return years 1975-2012. We present a novel coded-wire tag based 
method to estimate the numbers of hatchery-origin coho and Chinook salmon in the Canadian catch, a 
method developed that also identifies the jurisdiction of origin of hatchery fish. Escapements were also 
estimated and partitioned into hatchery- and wild-origin coho and Chinook salmon using spawner 
escapement data, hatchery-origin escapement estimates, and hatchery release numbers. Missing data in 
time series of annual escapement were imputed using a method of infilling expected values in 
contingency tables. When taking into account the entire time series for each species, wild fish were 
always more abundant than hatchery fish in both catch and escapement, except for Chinook catches off 
the West Coast of Vancouver Island. Catches of migrating U.S. hatchery fish resulted in higher 
proportions of hatchery fish in the catch than escapements for coho on the West Coast Vancouver Island 
and Chinook throughout British Columbia. We are currently making refinements to the methods that may 
result in changes to the preliminary results presented here. 
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Introduction 

 
At the 21st annual NPAFC Meeting in 2013, the Stock Assessment Working Group reported on progress 
partitioning historical salmon abundance time series into hatchery and wild fish (NPAFC 2013). Canada 
indicated that generation of hatchery/wild abundance time series by the 2014 meeting was achievable. 
This report presents our progress over the past year.  
 
Although juvenile production from salmon hatcheries in the Pacific Rim began as early as the 1870s in 
some regions, it was not until the 1950s and 1960s that improved survival due to innovations in feeding, 
disease control and rearing resulted in substantial contributions of hatchery-origin fish to fisheries (Naish 
et al. 2008). The total numbers of hatchery releases to the North Pacific were 858 million in 1970, 
climbed gradually to more than 5 billion in 1990, and have remained roughly constant at that number 
from then until 2011 (Irvine et al. 2012). 
 
In Canada, salmonid enhancement activities were occurring by the 1960s but initiation of the Salmonid 
Enhancement Program (SEP) in 1977 in British Columbia (BC) resulted in oversight of most 
enhancement activities by Canada’s Department of Fisheries and Oceans.  The objective of SEP at its 
initiation was primarily to rebuild depressed stocks and to increase catch through the expanded use of 
enhancement technology (MacKinlay et al. 2004). Total releases peaked in the early 1990s at almost 600 
million fish, with chum and sockeye constituting the majority of releases. Numbers subsequently declined 
and then stabilized at about 300 million fish released annually in recent years (Irvine et al. 2013). 
 
Researchers have partitioned Pacific salmon abundance time series into relative proportions of hatchery- 
and wild-origin fish for various species, areas, and populations. In a recent review of Japanese research, 
Morita (2014) estimated the relative contribution of hatchery and wild chum, pink and masu salmon to 
total production (catch plus escapement) in the Hokkaido region of Japan by determining the ratio of 
thermal otolith-marked and adipose-fin clipped fish in returning spawners and otolith-marked fish in the 
commercial catch, as well as using population models to estimate the contribution of hatchery salmon to 
catch for some populations. Zaporozhets and Zaporozhets (2012) estimated the proportion of hatchery-
origin chum salmon returning to the Russian Paratunka River by using scale structure to identify 
hatchery- and wild-origin fish. Other regional studies partition catch only into hatchery and wild. The 
Alaska Department of Fish and Game publishes an annual report of their enhancement program (e.g., 
Vercessi 2014) that estimates the Alaska-origin hatchery and wild proportions of Chinook, sockeye, coho, 
pink and chum salmon in their commercial fisheries. In BC, MacKinlay et al. (2004) estimated the 
relative contribution of hatchery-origin coho, Chinook and chum to Canadian catches (commercial plus 
marine recreational) in southern BC, using recovery of coded-wire tags (CWTs) in the Canadian catch of 
coho and Chinook, and of CWTs and adipose fin clips for chum catch. Commercial catch totals were 
estimated from sales slip records, and recreational catches via creel surveys combined with estimated 
numbers of sport fishing boats. 
 
Others have partitioned Pacific salmon abundances into relative proportions of hatchery- and wild-origin 
fish for the entire North Pacific. Eggers (2009) estimated total biomass by species for sockeye, pink and 
chum salmon in the North Pacific by run reconstructions using age-structured models based on available 
commercial catch, escapement and hatchery release data. Kaeriyama et al. (2009) also partitioned 
sockeye, pink and chum for the North Pacific into hatchery- and wild-origin fish, using modified 
expansion factors from D. Eggers (unpublished data). Run size estimates for particular hatchery 
populations were used to partition total run size estimates into hatchery and wild components. Ruggerone 
et al. (2010) used reported total abundance (catch plus escapement for chum, pink, and sockeye salmon) 
where possible, partitioned into hatchery- and wild-origin, and a variety of other methods to estimate 
catch and escapement where more direct estimates of total abundance data were unavailable. 

2 



 
We assume that the Ruggerone et al. (2010) estimates for pink, chum and sockeye are appropriate, and the 
purpose of the present work is to supplement those data with abundance estimates of Chinook and coho 
salmon partitioned into wild- and hatchery-origin fish. We report on the retained commercial catch and 
spawning escapement of Canadian populations for three large regions of BC (Fig. 1). The methodology 
we use to estimate the hatchery-origin contribution to commercial fishery catches can be extended at least 
to Alaska and the coastal contiguous United States. 
 
In Canada, wild salmon are defined in the Wild Salmon Policy as fish that “have spent their entire life 
cycle in the wild and originate from parents that were also produced by natural spawning and 
continuously lived in the wild” (DFO 2005). In this study, hatchery-origin fish included only first-
generation hatchery fish that were produced in a hatchery; offspring of naturally-spawning hatchery-
origin fish were included with wild salmon. 
 
Methods 

Commercial Catch 
 
We apply a new method to partition commercial Chinook and coho catch into wild- and hatchery-origin 
fish that uses hatchery release and recovery data from the North American coastwide coded-wire tagging 
and recapture program. The binary coded-wire tag (CWT) is a small piece of magnetized wire, stamped 
with either a binary or numerical code that is implanted in the nasal cartilage of juvenile salmonids. A 
CWT allows release groups, with each fish in the group carrying the same code, to be identified to release 
location and by year of release when tagged fish are subsequently recovered. In 1977, U.S. and Canadian 
fisheries managers agreed to reserve the adipose-fin clip as an externally visible mark to indicate the 
presence of a CWT (Nandor et al. 2010). Beginning in brood year 1995 in the U.S. and 1996 in Canada 
for coho salmon, adipose fin clips have been used to identify hatchery-origin fish, whether or not they 
have been implanted with a CWT (Pacific Salmon Commission 2013).  This practice was begun for 
Chinook salmon released from U.S. hatcheries in 1998 but Canada has not adopted this practice for this 
species. For CWT-associated release groups of juvenile salmon, a known number have CWTs, and non-
tagged fish in the release may be marked with the adipose fin clip (coho and Chinook released from U.S. 
hatcheries; coho released from BC hatcheries) or are not marked externally (Chinook salmon released 
from BC hatcheries). For unassociated release groups, most fish are marked by removal of their adipose 
fin, but there are no associated CWTs. 
 
Our method (Fig. 2) directly estimated numbers of hatchery- origin coho and Chinook salmon in 
commercial catches using data from the DFO CWT mark-recovery program (MRP) database. Our CWT-
based approach is applied to a single fishery, e.g., the BC Chinook Northern Troll fishery, and hatchery-
origin catches can then be summed for larger regions. In the MRP database, Canadian catches are 
reported by Catch Region; each Catch Region is defined as a bounded area comprised of a number of 
Pacific Fishery Management Areas (PFMAs, Table 1) and a specific gear type. Small fisheries were 
excluded from the analysis due to concerns about uncertainties associated with very small recovery 
sample sizes. The hatchery release jurisdictions involved were Alaska, BC-Yukon, and the Southern 
Pacific coastal United States. Basins and regions are as defined by the Pacific Salmon Commission and 
are the ones that are recorded in the MRP and Regional Mark Information System (RMIS) databases. In 
BC, there are 7 regions, each comprised of 3-4 basins, except for the Haida Gwaii region, which is 
comprised of one basin. The Yukon jurisdiction is made up of two regions, each having a single basin. 
Although we combined BC and Yukon into one jurisdiction for the purposes of the analysis, hatchery 
production in the Yukon is minimal. 
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Each recovered CWT has an associated individual release code; characteristics of that individual hatchery 
release batch are available from the MRP (to DFO staff) or from the public access RMIS database where 
information  such as numbers of fish that were adipose fin-clipped (marked) and numbers of fish that had 
CWTs (tagged) are reported annually by all agencies in the Pacific Northwest applying CWTs.  Because 
not all Coho and Chinook salmon released from hatcheries have been implanted with a CWT or are 
associated to a CWT release group, numbers of fish with CWTs were expanded to account for 
unassociated releases in order to generate estimates by basin, region, and jurisdiction (Fig. 2). The total 
number of hatchery-origin fish in a catch was calculated as the sum of the CWT-associated and 
unassociated hatchery-origin portion of the catch (contact authors for details on methods). Total catch was 
estimated by summing the catches for the individual strata making up the included Catch Regions as 
recorded in the MRP database. Estimates of wild numbers of fish were made by subtracting the estimate 
of hatchery-origin catch numbers from the total catch.  
 
Because only fisheries with substantial numbers of tag recoveries were included in our analysis, a 
potential concern was whether we were missing significant components of the catch. To evaluate this, we 
compared the subset of the total (hatchery plus wild) MRP catches of coho and Chinook that were used in 
our estimation of hatchery-origin catch with those published in Irvine et al. (2012) (Figs. 3 and 4). 
 
Spawning Escapement 
 
Escapement time series for BC streams with coho and Chinook salmon were downloaded from the 
Department of Fisheries and Oceans Canada (DFO) salmon escapement database (NuSEDS,Error! 
Hyperlink reference not valid. 6 November 2013 for coho and 20 November 2013 for Chinook; Fig. 
5, left hand side). An algorithm provided by Brown (1974) was used to impute missing escapement 
values. The infilling approach did not work on streams with intermittent spawner estimates; these data 
were not used in the analysis. This was not considered serious, however, because these streams tended to 
have low escapements. Escapements were aggregated into watersheds draining into the three marine catch 
regions (Fig. 1). Recent estimates may be relatively imprecise due to generally reduced effort estimating 
spawner numbers. 
 
Two separate methods were used to determine the proportions of the spawner escapements comprised of 
fish of hatchery origin (Fig. 5). In method 1, for each species we obtained estimated proportions of 
hatchery-origin escapements for hatchery streams from enhancement staff (David Willis, DFO, 
Vancouver, BC). Because these values did not account for hatchery-origin fish returning to non-hatchery 
streams, method 1 estimates are presumably biased low. For example, Chinook salmon from Robertson 
Creek have been documented in various streams along the West Coast Vancouver Island (WCVI) (e.g., 
Candy et al. 2009). The time series of proportions were incomplete, so we evaluated hatchery release data 
from the MRP database (retrieved 22 November 2013) to identify gaps in the escapement time series that 
were not expected based on release data and estimated hatchery proportions in the escapement. In those 
cases, we used linear regression between the two datasets (i.e., release numbers and proportion hatchery-
origin escapement) to infill the hatchery-origin escapement proportion by stream. Proportions of 
hatchery-origin escapement were then multiplied by total escapement estimates from the infilled 
escapement time series to generate hatchery-origin escapement abundance. Estimates of hatchery 
proportions were incomplete for some coho and Chinook streams late in the time series, resulting in 
underestimates of hatchery contributions. 
 
For coho, in addition to the estimation of total escapement as detailed above, we also used a hatchery-
release based method (method 2) to generate a separate time series of hatchery-origin escapements (Fig. 
5, right hand side). We multiplied region-specific (i.e. North Coast, South Coast, WCVI) smolt and fry 
survival estimates (fry survival assumed to be 10% of smolt survival) by hatchery release numbers to 
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estimate hatchery-origin returns (i.e. fish recruiting to fisheries). We then applied region-specific 
exploitation estimates to estimate the numbers of hatchery-origin fish in the escapement to that region. 
 
Hatchery-origin escapements were subtracted from total escapements to estimate wild escapements (Fig. 
5). 
 
Results and discussion 

Note that all results are preliminary and may change. 
 
Coho 
 
A comparison of the catch as recorded in Irvine et al. (2012) and the catches that were used for the CWT-
based catch analysis were virtually identical for coho, indicating that the majority of the catch was used in 
that analysis (Fig. 3). 
 
In the late 1990s, commercial coho fisheries in BC were severely curtailed due to conservation concerns. 
In the North Coast region, some fisheries have since reopened (Fig. 6A). Coho catch was almost entirely 
of wild origin, with a small proportion of hatchery-origin catch coming primarily from Alaska and BC. 
Wild fish also dominated escapement in this region according to both methods (Figs. 6B and C). As 
mentioned previously, escapement estimates in recent years may be biased low. 
 
Off WCVI, the commercial catch time series showed reduction of harvest in 1997 to very low numbers 
(Fig. 7A), and escapement improved at this time, presumably at least partly in response to the much-
reduced commercial exploitation (Figs. 7B and C). Hatchery-origin coho from the Southern U.S. 
dominated the hatchery contribution to the catch, with a substantial contribution from BC hatcheries as 
well (Fig. 7A). Wild fish made up more than half of the catch, but it was not possible to determine their 
jurisdiction of origin using our methods. Method 2 estimated a higher number of hatchery-origin 
spawners than method 1. 
 
Similarly to the other two regions, coho catches in the South Coast were reduced to near zero in the mid-
1990s as a result of fishery closures. Our estimates of hatchery-origin catch in the South Coast region 
suggested that coho from the Southern U.S. were at least as important as Canadian hatchery coho in those 
fisheries (Fig. 8A). Catch decreased during the time series. Wild fish dominated the escapement, and the 
estimate of hatchery spawner numbers was greatest according to method 2 (Figs. 8B and C).  

 
Chinook 
 
As found for coho, a comparison of the catch as recorded in Irvine et al. (2012) and the catches that were 
used for the CWT-based catch analysis were similar for Chinook, indicating that the majority of the catch 
was used in that analysis (Fig. 4). 
 
In the North Coast region, total commercial catch of Chinook declined during the time series, with wild 
fish dominating the catch (Fig. 9A). Of the hatchery-origin portion, at least half was of Southern U.S. 
origin in most years, with most of the rest from BC, and very small numbers of Alaskan hatchery fish. 
Virtually all the escapement was wild, and abundance seemed to increase during this time period (Fig. 
9B). Method 1 was based on the hatchery-origin escapements to the main hatchery streams. Although 
there are hatcheries in the North Coast region that produce Chinook, they were under-represented in our 
escapement time series, resulting in the hatchery-origin component in the time series being 
underestimated. 
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Off WCVI, catches declined until the mid-1990s and have remained relatively low since then (Fig. 10A). 
Hatchery fish tended to constitute the majority of the catch, and most of these originated in the Southern 
U.S. The very small wild catch proportion in 1979 was due to an uncharacteristically large (compared to 
other years) catch estimate of hatchery fish originating from the Southern U.S. that year; we are 
investigating this value. The validity of the relatively low Canadian hatchery contribution in recent years 
is also being investigated. Escapements appeared to be predominantly wild, and these showed a generally 
increasing trend until the early 1990s and variable numbers since then (Fig. 10B). However, we note that 
the recent proportions of hatchery-origin escapements to the Conuma and Nitinat rivers were not 
estimated, resulting in negative bias in the proportion of hatchery fish escaping to WCVI streams. 
 
In the South Coast region, commercial Chinook fisheries were shut down in the mid-1990s due to 
conservation concerns and have not reopened (Fig. 11A). Catches were dominated by wild-origin fish 
until the late 1980s when hatchery fish began to make up approximately half of the catch. Of the 
hatchery-origin portion of the catch, Chinook from the Southern U.S. tended to be more numerous than 
Canadian-origin hatchery fish. Escapements gradually increased over the time period with wild-origin 
fish dominating (Fig. 11B), but similar to other regions, the hatchery contribution to the escapement time 
series was likely biased low due to incomplete data. 
 
Summary 
 

- When taking into account the entire time series for each species, wild fish were always more 
abundant than hatchery fish in both catch and escapement, except for Chinook catches off WCVI 

- Catches of migrating U.S. hatchery fish resulted in higher proportions of hatchery fish in the 
catch than in the escapements for coho (WCVI) and Chinook (all three regions). 

- Method 2 estimated a larger proportion of hatchery-origin fish in the escapement of coho in all 
regions than method 1, perhaps in part because method 1 did not account for hatchery-origin 
strays.  

Potential next steps 

The methods and results documented here are preliminary and are being revised and updated. There are a 
number of directions we are currently exploring as possible extensions of this work: 
 

- Extend CWT-based partitioning of commercial catch into hatchery and wild to Alaskan and 
Southern U.S. fisheries. 

- Refine the CWT-based approach in various ways such as adding estimates of uncertainty. 
- Because of data quality issues with the regional escapement database (NuSeds), investigate the 

utility of indicator stream data sets as an alternate way of proportioning spawner numbers into 
hatchery- and wild-origin fish. 

- Convert catch and escapement estimates to total returns or total species biomass. 
- Incorporate recreational catches into catch estimates.  
- Document methods and results in the primary literature. 
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Table 1. Assignment of Pacific Fisheries Management Areas (PFMAs) to the three regions of BC shown 
in Figure 1. 

North Coast WCVI South Coast 
1, 2, 3, 4, 5, 6, 7, 8, 9, 
10, 101, 102, 103, 104, 
105, 106, 107, 108, 109, 
110, 130, 142 

21, 22, 23, 24, 25, 26, 
27, 121, 123, 124, 125, 
126, 127 

11, 12, 13, 14, 15, 16, 
17, 18, 19, 20, 28, 29, 
111 
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Figure 1. Map of BC showing three major catch regions. For a detailed description of the Pacific Fisheries 
Management Areas included in each region, see Table 1. 
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Figure 2. Flowchart showing the main components of the novel method for estimating numbers of 
hatchery-origin fish in the catch. Wild catch was estimated by subtracting hatchery-origin catch from total 
catch (see Methods for details). 
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Figure 3. Comparison between commercial coho catch in BC according to Irvine et al. (2012), and the 
summed total catch of the main troll and net fisheries used to estimate hatchery-origin numbers in the 
CWT-based approach. Return years are displayed in this and subsequent figures. 
  

 
 
 
Figure 4. Comparison between commercial Chinook catch in BC according to Irvine et al. (2012), and the 
summed total catch of the main troll and net fisheries used to estimate hatchery-origin numbers in the 
CWT-based approach. 
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Figure 5. Flowchart showing methods used to determine hatchery- and wild-origin proportions in the coho and Chinook escapement. Wild 
escapement was estimated by A minus B and A minus C using hatchery methods 1 and 2 escapements respectively.
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Figure 6. Proportion of wild (blue) and hatchery-origin coho in the commercial catch (A) and escapement 
(B and C) in the North Coast region, showing jurisdiction of origin of hatchery fish by return year in (A). 
Hatchery components in (B) and (C) were estimated using methods 1 and 2 respectively. 
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Figure 7. Proportion of wild (blue) and hatchery-origin coho in the commercial catch (A) and escapement 
(B and C) in the West Coast of Vancouver Island region, showing jurisdiction of origin of hatchery fish 
by return year in (A). Hatchery components in (B) and (C) were estimated using methods 1 and 2 
respectively. 
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Figure 8.Proportion of wild (blue) and hatchery-origin coho in the commercial catch (A) and escapement 
(B and C) in the South Coast region, showing jurisdiction of origin of hatchery fish by return year in (A). 
Hatchery components in (B) and (C) were estimated using methods 1 and 2 respectively.
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Figure 9. Proportion of wild (blue) and hatchery-origin Chinook in the commercial catch (A) and 
escapement (B) in the North Coast region, showing jurisdiction of origin of hatchery fish by return year in 
(A). The hatchery component in (B) was estimated using method 1. 
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Figure 10. Proportion of wild (blue) and hatchery-origin Chinook in the commercial catch (A) and 
escapement (B) in the West Coast of Vancouver Island region, showing jurisdiction of origin of hatchery 
fish by return year in (A). The hatchery component in (B) was estimated using method 1. 
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Figure 11. Proportion of wild (blue) and hatchery-origin Chinook in the commercial catch (A) and 
escapement (B) in the South Coast region, showing jurisdiction of origin of hatchery fish by return year in 
(A). There were no Alaska-origin hatchery fish estimated for this region. The hatchery component in (B) 
was estimated using method 1. 
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Abstract 
Thermal marking continues to play an important role for both research and fisheries management in 
Canada.  Canada plans to thermally mark approximately 67 million Pacific salmon for release in 
2015/16.  Thermal marking will include 59 thermal marks applied at 17 hatcheries with marked 
salmon released at 44 locations.  The plan is similar to the 2013 brood year marking plan, fish planned 
for release in 2014/15 (DiNovo et al. 2013). 

 

Introduction 
Thermal marking in Canada continues to focus primarily on Chinook and chum stocks with limited 
marking of sockeye, coho and pink.  Thermal marks are used to distinguish hatchery from naturally 
spawned (wild) salmon in terminal fisheries and in spawning populations.  Thermal marks on sockeye, 
Chinook, coho and pink are also being used to assess different hatchery release strategies.  For chum 
salmon the use of thermal marks has replaced finclips as a means for marking fish at some hatcheries.  
Thermal marks are also being used to validate information on the harvest, survival and straying rates of 
Chinook salmon estimated by coded-wire tag studies (Hankin et al. 2005). 

 

Plan for 2014 Brood Year Stocks 
The proposed thermal marking program for salmon in Canada for the 2014 brood year is shown in 
Table 1; using the Uniform Hatch Code notation (Johnson et al. 2006).  The bulk of the proposal is 
similar to that submitted for 2013 (DiNovo et al. 2013) and proposed marks remain the same except 
where prevented by operational constraints.  Important components of the plan include continuation of 
Chinook marking at both Cowichan and Nanaimo River Hatcheries on the East Coast of Vancouver 
Island (ECVI) to permit assessment of hatchery contribution to these depressed ECVI stocks.  
Additionally, the use of multiple thermal marks at Nitinat River Hatchery for both Chinook and coho 
will allow continued assessment of fast and slow growth hatchery rearing strategies as well as release 
locations for these species. Naturalization of rearing channels and ponds are also being studied for 
release advantage.  Four different marks are being applied to sockeye releases into Skaha Lake on a 
two year cycle to enable assessment of different release strategies.
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Table 1.  Proposed Canadian releases of thermal marked salmon in 2015/16. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Brood Year Species Facility Hatch Code
Proposed 
Release 

(Thousand's)

2014 Chinook Chilliwack River Hatchery H7 1,040
2014 Chinook Conuma River Hatchery H4,2 350
2014 Chinook Conuma River Hatchery H5-2 1,350
2014 Chinook Conuma River Hatchery H5-3 1,350
2014 Chinook Conuma River Hatchery H2,4 150
2014 Chinook Conuma River Hatchery H2,5 150
2014 Chinook Conuma River Hatchery H3 80
2014 Chinook Cowichan River Hatchery 4-1H 500
2014 Chinook Cowichan River Hatchery 4,1H 500
2014 Chinook Gwani Hatchery 3,3nH 250
2014 Chinook Marble River Hatchery 3,2,2H 900
2014 Chinook Marble River Hatchery 3,2,3H 90
2014 Chinook Nanaimo River Hatchery H2-3 400
2014 Chinook Nanaimo River Hatchery H5 220
2014 Chinook Nitinat River Hatchery H2,3,2 1,500
2014 Chinook Nitinat River Hatchery H2,3,2,3 750
2014 Chinook Nitinat River Hatchery H2,3,2,2 750
2014 Chinook Nitinat River Hatchery H3,2,3 165
2014 Chinook Nitinat River Hatchery H3,2,4 165
2014 Chinook Nitinat River Hatchery H3,1,3 50
2014 Chinook Nitinat River Hatchery H3,2,3,2 10
2014 Chinook Nitinat River Hatchery H3,1,4 165

2014 Chinook Nitinat River Hatchery for Goldstream 
H. and Sooke R.

4H 350

2014 Chinook Nitinat River Hatchery for Sooke H. 1,4H 72
2014 Chinook Puntledge River Hatchery H6n 1,200
2014 Chinook Quinsam River Hatchery H2/2 1,000
2014 Chinook Quinsam River Hatchery 3-4H 960
2014 Chinook Quinsam River Hatchery 2-4H 250
2014 Chinook Quinsam River Hatchery H2/2/2 1,900
2014 Chinook Quinsam River Hatchery H2/2/2/2 120
2014 Chinook Robertson Creek Hatchery 3/2H 38
2014 Chinook Robertson Creek Hatchery 3/2H4 38
2014 Chinook Robertson Creek Hatchery 3H3/2 50
2014 Chinook Robertson Creek Hatchery 3/2H4 50
2014 Chinook Robertson Creek Hatchery 3H 6,000
2014 Chinook San Juan Enhancement Soc. H3n 720
2014 Chinook Spius Creek Hatchery H4/4 80
2014 Chinook Spius Creek Hatchery H4/4,2 80
2014 Chinook Spius Creek Hatchery H3/3 60
2014 Chinook Spius Creek Hatchery H3/3,2 60
2014 Chinook Tahsis River Hatchery H7,3 150
2014 Chinook Tahsis River Hatchery H9 150
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Table 1.  Proposed Canadian releases of thermal marked salmon in 2015/16. (cont’d) 
 

 
 
 
 
 
 
 
 
 
 
 
 

Brood Year Species Facility Hatch Code
Proposed 
Release 

(Thousand's)

2014 Chum Conuma River Hatchery H5 1,500
2014 Chum Conuma River Hatchery H2,2 1,000
2014 Chum Conuma River Hatchery H2,3 2,000
2014 Chum Kitimat River Hatchery 2/2H 340
2014 Chum Kitimat River Hatchery 2-2H 340
2014 Chum Kitimat River Hatchery H1,4 340
2014 Chum Kitimat River Hatchery H1-4 340
2014 Chum Kitimat River Hatchery H1/4 340
2014 Chum Nitinat River Hatchery 3,1H 25,000

2014 Coho Nitinat River Hatchery H3 50
2014 Coho Nitinat River Hatchery H4 50
2014 Coho Nitinat River Hatchery H2,3 50
2014 Coho Nitinat River Hatchery H2,4 50

2014 Sockeye Inch Creek Hatchery H4,2 2,000
2014 Sockeye Shuswap River Hatchery H3,4 460
2014 Sockeye Shuswap River Hatchery H3,4,2 460
2014 Sockeye Shuswap River Hatchery H3,3 rotational 0
2014 Sockeye Shuswap River Hatchery H3,3,2 rotational 0
2014 Sockeye Rosewall Hatchery 3H2-2 100
2014 Sockeye Rosewall Hatchery 3H2/2 100
2014 Sockeye Rosewall Hatchery 3H 800

2014 Pink Quinsam River Hatchery H2/2 6,800
2014 Pink Nanaimo River Hatchery 2/2H 50
2014 Pink Nanaimo River Hatchery H4 900

Totals by species
Chinook 24,212
Chum 31,200
Coho 200

Sockeye 3,920
Pink 7,750

Grand Total 67,282
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Abstract 

Chum salmon (Oncorhynchus keta) are important to the economy and culture of many communities in 
Western Alaska.  The Western Alaska Salmon Stock Identification Program (WASSIP) was initiated as a 
means to determine stock of origin of chum and sockeye (O. nerka) salmon harvests in western Alaska 
fisheries.  The foundation for this study was built through the North Pacific Anadromous Fish 
Commission (NPAFC) by the Working Group on Stock Identification Studies and through a United 
States/Japanese collaboration that coordinated and developed a DNA database for chum salmon based on 
SNPs “PacSNP”.   WASSIP increased the baseline for chum salmon from 114 to 310 populations and 
from 60 to 95 SNPs selected from 188 SNPs.  WASSIP also implemented novel quality control 
procedures for both laboratory and statistical analyses and developed statistical methods for handling 
linked loci.  These data can serve as the springboard for collaborations among investigators from 
throughout the Pacific Rim to examine questions ranging from population structure, migratory behavior, 
stock-specific harvest, post-glacial colonization, and methods to select subsets of the data for specific 
research applications. Through PacSNP, the U.S. party is open to providing data and expertise in 
collaboration with scientists from other parties that will advance the use of these data for research on 
chum salmon. 

 

 

Background on Western Alaska Salmon Stock Identification Program 

Chum salmon (Oncorhynchus keta) are important to the economy and culture of many communities in 
Western Alaska.  In addition to commercial fisheries throughout the area, chum salmon are extensively 
harvested in subsistence fisheries along the coast and in the Kuskokwim River, Yukon River, Norton 
Sound and Kotzebue Sound.  Prior to the onset of spawning migrations, chum salmon from western 
Alaska and most other portions of the species range are distributed over vast areas of the Bering Sea and 
subarctic North Pacific Ocean (Quinn 2005; Meyers et al. 2007; Sato et al. 2009).  The combination of 
life history, spawning migratory pathways and the complex geography of western Alaska creates potential 
for harvesting chum salmon populations originating from river systems throughout their range.  While a 
majority of chum salmon harvest in western Alaska occurs in terminal and inriver fisheries, the harvest of 
nonlocal fish does occur.   

As a means to determine stock of origin of chum and sockeye (O. nerka) salmon harvests in western 
Alaska, the Western Alaska Salmon Stock Identification Program (WASSIP) was initiated in 2006 as a 
collaborative effort among 11 stakeholder groups including the Alaska Department of Fish and Game 
(ADF&G) and 10 major regional fishery interests in the WASSIP study area. The program was designed 
to sample marine commercial and subsistence salmon fisheries in western Alaska from 2006 to 2009. The 
WASSIP study area included marine waters of ADF&G salmon management areas from Chignik (south 
Alaska Peninsula) to Kotzebue Sound (northwest Alaska; Figure 1), and genetic stock identification was 
to be used to estimate stock composition.  Sockeye salmon captured in these fisheries are generally local 
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to western Alaska, narrowing the scope of the genetic baseline for this species to populations from 
western and southcentral Alaska.  However, chum salmon from outside Alaska are known to occur in 
some marine fisheries along the Alaska Peninsula (Seeb et al. 2004), so it was necessary to have a 
comprehensive baseline of genetic data from representative populations across the North Pacific. 

WASSIP was successfully completed and reported in 2012.  Spanning more than eight years, WASSIP is 
the largest salmon genetics study ever attempted, analyzing more than 225,000 samples to determine 
stock-specific compositions, harvests, and harvest rates of sockeye and chum salmon in subsistence and 
commercial fisheries from Chignik to Kotzebue Sound.  All reports can be accessed on the ADF&G 
website (http://www.adfg.alaska.gov/index.cfm?adfg=wassip.reports).   

PacSNP Collaboration 

Through the North Pacific Anadromous Fish Commission (NPAFC), genetic studies are coordinated by 
the Working Group on Stock Identification Studies with the goal to develop, standardize, and disseminate 
genetic databases among the parties.  Beginning in the early 1990’s large data sets were compiled using 
tissues sampled from spawning chum salmon in Washington, British Columbia, Alaska, Canada, Russia, 
Korea, and Japan.  These data were collected by numerous agencies from around the Pacific Rim and 
have been used extensively by NPAFC in the Bering-Aleutian Salmon International Survey (BASIS) and 
other research to determine distribution and migration routes of salmon in the ocean.  While early 
databases were based on allozyme markers (Kondzela et al. 2002; Seeb et al. 2004), subsequent data were 
developed using microsatellites (Beacham et al. 2009), mitochondrial DNA (mtDNA; Sato et al. 2004) 
and more recently single nucleotide polymorphisms (SNPs; Seeb et al. 2008, 2011a). 

In 2008, United States and Japanese researchers met in Sapporo, Japan, at the National Salmon Resources 
Center for a two day meeting organized by the University of Washington and funded by the Gordon and 
Betty Moore Foundation, in order to discuss progress and development of a DNA database for chum 
salmon based on SNPs.  SNPs are assayed using high-throughput technologies and are particularly 
appropriate for NPAFC applications because data can be easily transferred between laboratories and 
instrument platforms. The participants informally adopted the name PacSNP for the initiative which has 
since been expanded to include pink salmon (O. gorbuscha).  At this meeting groundwork was laid for 
continued development of the baseline through SNP discovery and genotyping, designing joint projects 
and developing shared databases.  An open invitation was and continues to be extended to all parties to 
participate in developing these open and shared databases. 

Updated Baseline 

Through collaborations made possible by the NPAFC and in coordination with colleagues in the PacSNP 
consortium (Seeb et al. 2008, Seeb et al. 2011), Alaska was able to prepare an initial baseline of 
genotypes from 60 SNPs measured in 114 populations from across the species range.  However, while 
this baseline provided sufficient resolution for contemporary marine studies, it did not provide the 
resolution necessary for applications specific to western Alaska.  Additional efforts were made to improve 
the resolution available with three objectives: 1) increase the number of populations included in the 
baseline, 2) discover and assay additional SNPs in these populations, and 3) refine the methods used to 
build the baseline.  The first objective was met by increasing the number of populations from 114 to 310 
(Table 1; Figure 2).  While additional samples were added from across the range, most of the additional 
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populations were added to improve the coverage of western Alaska, the Alaska Peninsula, and south 
through the State of Washington.  The second objective was met by increasing the number of SNPs from 
60 to 188 (Seeb et al. 2011b; Petrou et al. 2013).  A subset of 96 was chosen specifically for WASSIP 
from the full set of SNPs (DeCovich et al.  2012b).  This subset was chosen in an attempt to gain the 
greatest resolution of western Alaska stocks while maintaining the representative value for marine studies 
in the North Pacific Ocean and the Bering Sea.  The third objective was driven primarily by the need to 
handle the increased numbers of potentially linked loci (Dann et al. 2012), and as a byproduct of 
reanalyzing the baseline, novel quality control procedures for both laboratory and statistical analyses were 
implemented. 

Invitation to Collaboration 

The initial assessment of this baseline was reported in the context of WASSIP as an ADF&G Special 
Publication (DeCovich et al. 2012a); however, the scope of the analysis was limited to the specific 
questions applicable to that program.  Population structure and resolution in mixed stock fisheries was 
only explored in-depth for chum salmon in western Alaska, leaving the remaining portions of the range 
grouped into large reporting regions.  Analysis of the genetic structure of populations from the Alaska 
Peninsula and Kodiak Island has been published (Petrou et al. 2013, 2014), and populations in the eastern 
Pacific are currently being analyzed by members of the PACSNP collaboration.   

These data can serve as the springboard for collaborations among investigators from throughout the 
Pacific Rim to examine questions ranging from population structure, migratory behavior, stock-specific 
harvest, post-glacial colonization, and methods to select subsets of the data for specific research 
applications.  Through PacSNP, the U.S. party is open to providing data and expertise in collaboration 
with scientists from other parties that will advance the use of these data for research on chum salmon. 
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Table 1.  Number of chum salmon populations analyzed for each area within regions of the 
Pacific Rim for the Western Alaska Salmon Stock Identification Program (WASSIP).   
 

WASSIP 
Reporting Group Nation Region 

Number of 
Populations 

Population 
Numbers 

Number of 
Individuals 

Asia Korea Korea 1 1 192 
Asia Japan Japan 15 2-16 1232 
Asia Russia Russia 20 17-36 1613 
Kotzebue Sound U.S. Kotzebue Sound 8 37-44 764 
CWAK U.S. Norton Sound  14 45-58 1398 
CWAK U.S. Yukon Coastal  16 59-74 1680 
CWAK U.S. Kuskokwim 20 75-94 2061 
CWAK U.S. Bristol Bay 14 95-108 1421 
Upper Yukon U.S. Upper Yukon River 24 109-132 2328 
Northern District U.S. North Alaska Peninsula 11 133-143 1349 
Northwest District U.S. Northwest Alaska Peninsula 7 144-150 1002 
South Peninsula U.S. South Alaska Peninsula 14 151-164 1910 
Chignik/Kodiak U.S. Chignik Area and Kodiak Island 35 165-199 4375 
East of Kodiak U.S. Cook Inlet 9 200-208 707 
East of Kodiak U.S. Prince William Sound 7 209-215 2751 
East of Kodiak U.S. Southeast Alaska 38 216-254 3915 
East of Kodiak Canada British Columbia 27 255-280 2837 
East of Kodiak U.S. Washington 30 281-310 2645 

         310 
 

34180 
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Figure 1.–Western Alaska Stock Identification Program (WASSIP) study area including Alaska Department of 
Fish and Game salmon management areas where sockeye and chum salmon were sampled to estimate stock-specific 
harvests and harvest rates. 
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Figure 2.–The location and regional reporting group affiliation of 310 populations of chum salmon included in 
final baseline analyses for WASSIP.  Populations are colored by membership in the reporting regions used for 
WASSIP (Table 1). 
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Commission for the 2014 CSRS Meeting:  

Forecast of Pacific Salmon Production in the Ocean 
Ecosystems under Changing Climate  
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Keywords:  migration, survival, climate impact, monitoring, key population, stock identification, 

management 
 
This document is a compilation of abstracts of new and revised scientific documents submitted to 
the Commission between adjournment of the 2013 Annual Meeting and April 22, 2014.  The 
compilation is organized into sections.  The first section lists the document number and title 
according to six topics (Section 1).  The first five topics are the five research components of the 
2011-2015 NPAFC Science Plan:   
 

(1) migration and survival of juvenile salmon in ocean ecosystems; 
(2) climate impacts on Pacific salmon production in the Bering Sea (BASIS) and adjacent 

waters; 
(3) winter survival of Pacific salmon in North Pacific Ocean ecosystems; 
(4) biological monitoring of key salmon populations; 
(5) development and application of stock identification methods and models for 

management of Pacific salmon. 
 
For convenience, one more topic is added: 

 
(6) Other topics. 
 

Individual documents may pertain to more than one topic and, therefore, may be listed more than 
once.  
 
The second section lists the document number and title according to the country that submitted 
the document (Section 2).  Documents submitted by CSRS working groups or the Secretariat are 
not listed in this section.  The third section lists abstracts of documents in order of document 
number (Section 3).  
 
For consideration at the 2014 CSRS meeting, a total of 34 new documents and one revised 
document from 2013 by the BASIS Working Group were submitted.  Of the new documents that 
were submitted, ten documents related to research on juvenile salmon, 11 documents related to 
research on climate impacts on salmon in the Bering Sea and adjacent waters, four documents 
related to research on salmon winter survival, 21 documents related to research on biological 
monitoring of key populations, 18 documents related to research on development and applications 
of stock identification methods and models for management, and two documents related to other 
topics.  The number of unique new documents included six from Canada, eight from Japan, three 
from Korea, six from Russia, nine from the United States, and one document submitted by both 
Russia and the United States.   



Section 1.  Documents (number, title) Listed by Topic 
 
1. Migration and Survival Mechanisms of Juvenile Salmon in Ocean Ecosystems 

Doc. 1505 Trawl Survey Plans for Pacific Salmon Marine Life Period 
Studies in the Far Eastern Seas in Summer and Fall 2014  
by Russia 

Doc. 1506 Russian Bibliography of 2013 Publications Linked to the Current 
NPAFC Science Plan 

Doc. 1508 Southeast Alaska Coastal Monitoring (SECM) Survey Plan  
for 2014 

Doc. 1520 Bibliography of Publications on the Marine Ecology of Juvenile 
Pacific Salmon in North America, 2006-2014 

Doc. 1522 United States Cruise Plan for the Gulf of Alaska Project, July -
August 2014 

Doc. 1523 United States Cruise Plan for BASIS on the R/V OSCAR 
DYSON, August – October 2014 

Doc. 1526 Korean Research Plan for Salmon in 2014 
Doc. 1527 Otolith Thermal Mark for Brood Year 2013 and Proposed 

Thermal Marks for Brood Year 2014 Chum Salmon in Korea 
Doc. 1529 Canadian Juvenile Salmon Surveys in 2014-2015 
Doc. 1530 United States Cruise Plan for Northern Bering Sea Surface Trawl 

Surveys, August - September 2014 
 
 
2. Climate Impacts on Pacific Salmon Production in the Bering Sea (BASIS)  

and Adjacent Waters 
Doc. 1474 (Rev. 1) Annual Report of Bering-Aleutian Salmon International Survey 

(BASIS) Research Activities 2009 to 2012 Related to the 
2009 to 2013 BASIS Science Plan Research Questions 

Doc. 1499 Proposed Cruise Plans of Japanese Research Vessels for Salmon 
in the North Pacific Ocean in 2014 

Doc. 1505 Trawl Survey Plans for Pacific Salmon Marine Life Period 
Studies in the Far Eastern Seas in Summer and Fall 2014  
by Russia 

Doc. 1506 Russian Bibliography of 2013 Publications Linked to the Current 
NPAFC Science Plan 

Doc. 1512 Data Files from Data Storage Tags Placed on Pacific Salmon and 
Steelhead Trout by the High Seas Salmon Research Program, 
University of Washington 

Doc. 1514 Results of 2013 Salmon Research by the Oshoro maru 
Doc. 1518 The Summer 2013 Japanese Salmon Research Cruise of the R/V 

Hokko maru 
Doc. 1520 Bibliography of Publications on the Marine Ecology of Juvenile 

Pacific Salmon in North America, 2006-2014 
Doc. 1522 United States Cruise Plan for the Gulf of Alaska Project, July -

August 2014 
Doc. 1523 United States Cruise Plan for BASIS on the R/V OSCAR 

DYSON, August – October 2014 
Doc. 1526 Korean Research Plan for Salmon in 2014 
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Doc. 1530 United States Cruise Plan for Northern Bering Sea Surface Trawl 
Surveys, August - September 2014 

 
 
3. Winter Survival of Pacific Salmon in North Pacific Ocean Ecosystems 

Doc. 1506 Russian Bibliography of 2013 Publications Linked to the Current 
NPAFC Science Plan 

Doc. 1507 Spatial Distribution of Pink Salmon in the Subarctic Front Zone 
in Winter and Spring 

Doc. 1512 Data Files from Data Storage Tags Placed on Pacific Salmon and 
Steelhead Trout by the High Seas Salmon Research Program, 
University of Washington 

Doc. 1520 Bibliography of Publications on the Marine Ecology of Juvenile 
Pacific Salmon in North America, 2006-2014 

 
 
4. Biological Monitoring of Key Salmon Populations 

Doc. 1499 Proposed Cruise Plans of Japanese Research Vessels for Salmon 
in the North Pacific Ocean in 2014 

Doc. 1501 Revision of Data on Pink Salmon Abundance in East Sakhalin 
and Kuril Islands 

Doc. 1502 Biostatistical Information on Salmon Catches, and Enhancement 
Production in Russia in 2013 

Doc. 1505 Trawl Survey Plans for Pacific Salmon Marine Life Period 
Studies in the Far Eastern Seas in Summer and Fall 2014  
by Russia 

Doc. 1506 Russian Bibliography of 2013 Publications Linked to the Current 
NPAFC Science Plan 

Doc. 1508 Southeast Alaska Coastal Monitoring (SECM) Survey Plan  
for 2014 

Doc. 1512 Data Files from Data Storage Tags Placed on Pacific Salmon and 
Steelhead Trout by the High Seas Salmon Research Program, 
University of Washington 

Doc. 1514 Results of 2013 Salmon Research by the Oshoro maru 
Doc. 1515 Preliminary Statistics for 2013 Commercial Salmon Catches  

in Japan 
Doc. 1516 Preliminary 2013 Salmon Enhancement Production in Japan 
Doc. 1518 The Summer 2013 Japanese Salmon Research Cruise of the R/V 

Hokko maru 
Doc. 1519 Genetic Variation Among Major Sockeye Salmon Populations in 

Kamchatka Peninsula Inferred from SNP and Microsatellite 
DNA Analyses 

Doc. 1520 Bibliography of Publications on the Marine Ecology of Juvenile 
Pacific Salmon in North America, 2006-2014 

Doc. 1522 United States Cruise Plan for the Gulf of Alaska Project, July -
August 2014 

Doc. 1523 United States Cruise Plan for BASIS on the R/V OSCAR 
DYSON, August – October 2014 

Doc. 1525 Korean Chum Salmon Catch Statistics and Hatchery Releases in 
2013-2014 

Doc. 1526 Korean Research Plan for Salmon in 2014 
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Doc. 1528 High Seas Salmonid Coded-Wire Tag Recovery Data, 2013 
Doc. 1529 Canadian Juvenile Salmon Surveys in 2014-2015 
Doc. 1530 United States Cruise Plan for Northern Bering Sea Surface Trawl 

Surveys, August - September 2014 
Doc. 1531 Canadian Commercial Catches and Escapements of Chinook and 

Coho Salmon Separated into Hatchery- and Wild-Origin Fish 
 
 
5. Development and Application of Stock Identification Methods and Models  

for Management of Pacific Salmon 
Doc. 1501 Revision of Data on Pink Salmon Abundance in East Sakhalin 

and Kuril Islands 
Doc. 1504 Proposed Otolith Marks for Brood Year 2014 Salmon in Russia 
Doc. 1506 Russian Bibliography of 2013 Publications Linked to the Current 

NPAFC Science Plan 
Doc. 1509 Proposed Thermal Marks for Brood Year 2014 Salmon in Alaska 
Doc. 1510 Releases of Otolith Marked Salmon from Alaska in 2013 
Doc. 1511 Microsatellite Identification of Sockeye Salmon Rearing in the 

Bering Sea During 2009-2013 
Doc. 1512 Data Files from Data Storage Tags Placed on Pacific Salmon and 

Steelhead Trout by the High Seas Salmon Research Program, 
University of Washington 

Doc. 1517 Proposed Otolith Marks for Brood Year 2014 Salmon in Japan 
Doc. 1519 Genetic Variation Among Major Sockeye Salmon Populations in 

Kamchatka Peninsula Inferred from SNP and Microsatellite 
DNA Analyses 

Doc. 1520 Bibliography of Publications on the Marine Ecology of Juvenile 
Pacific Salmon in North America, 2006-2014 

Doc. 1521 Stock Composition Analysis of Juvenile Chum and Chinook 
Salmon Captured on the 2012 Bering Sea and Chukchi Sea 
Research Surveys  

Doc. 1524 SALOSIS (Salmon Ocean Surveillance Information System)  
Doc. 1526 Korean Research Plan for Salmon in 2014 
Doc. 1527 Otolith Thermal Mark for Brood Year 2013 and Proposed 

Thermal Marks for Brood Year 2014 Chum Salmon in Korea 
Doc. 1528 High Seas Salmonid Coded-Wire Tag Recovery Data, 2013 
Doc. 1531 Canadian Commercial Catches and Escapements of Chinook and 

Coho Salmon Separated into Hatchery- and Wild-Origin Fish 
Doc. 1532 Proposed Thermal Marks for Salmon from Canada, Brood  

Year 2014 
Doc. 1533 Improvements to the Range-Wide Genetic Baseline for Chum 

Salmon Through the Western Alaska Salmon Stock 
Identification Program (WASSIP) and PacSNP Collaboration 
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6. Other Topics 
Doc. 1503 Cruise Plans of Japanese Research Vessels Involving Incidental 

Takes of Anadromous Fish in the North Pacific Ocean in 2014 
Doc. 1513 Incidental Catches of Anadromous Fishes by Japanese Research 

Vessels in the North Pacific Ocean in 2013 
   



Section 2.  Documents (number, title) Listed by Country 
 
Canada 

Doc. 1511 Microsatellite Identification of Sockeye Salmon Rearing in the 
Bering Sea During 2009-2013 

Doc. 1520 Bibliography of Publications on the Marine Ecology of Juvenile 
Pacific Salmon in North America, 2006-2014 

Doc. 1524 SALOSIS (Salmon Ocean Surveillance Information System)  
Doc. 1529 Canadian Juvenile Salmon Surveys in 2014-2015 
Doc. 1531 Canadian Commercial Catches and Escapements of Chinook and 

Coho Salmon Separated into Hatchery- and Wild-Origin Fish 
Doc. 1532 Proposed Thermal Marks for Salmon from Canada, Brood  

Year 2014 
 
 
Japan 

Doc. 1499 Proposed Cruise Plans of Japanese Research Vessels for Salmon 
in the North Pacific Ocean in 2014 

Doc. 1503 Cruise Plans of Japanese Research Vessels Involving Incidental 
Takes of Anadromous Fish in the North Pacific Ocean  
in 2014  

Doc. 1513 Incidental Catches of Anadromous Fishes by Japanese Research 
Vessels in the North Pacific Ocean in 2013 

Doc. 1514 Results of 2013 Salmon Research by the Oshoro maru 
Doc. 1515 Preliminary Statistics for 2013 Commercial Salmon Catches  

in Japan 
Doc. 1516 Preliminary 2013 Salmon Enhancement Production in Japan 
Doc. 1517 Proposed Otolith Marks for Brood Year 2014 Salmon in Japan 
Doc. 1518 The Summer 2013 Japanese Salmon Research Cruise of the R/V 

Hokko maru 
 
 
Republic of Korea 

Doc. 1525 Korean Chum Salmon Catch Statistics and Hatchery Releases in 
2013-2014 

Doc. 1526 Korean Research Plan for Salmon in 2014 
Doc. 1527 Otolith Thermal Mark for Brood Year 2013 and Proposed 

Thermal Marks for Brood Year 2014 Chum Salmon in Korea 
 
 
Russia 

Doc. 1501 Revision of Data on Pink Salmon Abundance in East Sakhalin 
and Kuril Islands 

Doc. 1502 Biostatistical Information on Salmon Catches, and Enhancement 
Production in Russia in 2013 

Doc. 1504 Proposed Otolith Marks for Brood Year 2014 Salmon in Russia 
Doc. 1505 Trawl Survey Plans for Pacific Salmon Marine Life Period 

studies in the Far Eastern Seas in Summer and Fall 2014  
by Russia 
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Doc. 1506 Russian Bibliography of 2013 Publications Linked to the Current 
NPAFC Science Plan 

Doc. 1507 Spatial Distribution of pink salmon in the Subarctic Front Zone in 
Winter and Spring 

Doc. 1519 Genetic Variation Among Major Sockeye Salmon Populations in 
Kamchatka Peninsula Inferred from SNP and Microsatellite 
DNA Analyses 

 
 
United States 

Doc. 1508 Southeast Alaska Coastal Monitoring (SECM) Survey Plan  
for 2014 

Doc. 1509 Proposed Thermal Marks for Brood Year 2014 Salmon in Alaska 
Doc. 1510 Releases of Otolith Marked Salmon from Alaska in 2013 
Doc. 1519 Genetic Variation Among Major Sockeye Salmon Populations in 

Kamchatka Peninsula Inferred from SNP and Microsatellite 
DNA Analyses 

Doc. 1521 Stock Composition Analysis of Juvenile Chum and Chinook 
Salmon Captured on the 2012 Bering Sea and Chukchi Sea 
Research Surveys  

Doc. 1522 United States Cruise Plan for the Gulf of Alaska Project, July – 
August 2014 

Doc. 1523 United States Cruise Plan for BASIS on the R/V OSCAR 
DYSON, August – October 2014 

Doc. 1528 High Seas Salmonid Coded-Wire Tag Recovery Data, 2013 
Doc. 1530 United States Cruise Plan for Northern Bering Sea Surface Trawl 

Surveys, August - September 2014 
Doc. 1533 Improvements to the Range-Wide Genetic Baseline for Chum 

Salmon Through the Western Alaska Salmon Stock 
Identification Program (WASSIP) and PacSNP Collaboration 
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Section 3.  Document Abstracts (numerical order) 
 
Doc. 1474 (Rev. 1) Annual Report of Bering-Aleutian Salmon International Survey 

(BASIS) Research Activities 2009 to 2012 Related to the 2009 to 
2013 BASIS Science Plan Research Questions 

 BASIS Working Group, Committee on Scientific Research  
and Statistics 

In October 2006, the NPAFC Parties agreed to continue the international effort to study salmon in 
the Bering Sea and requested a draft scientific plan for BASIS Phase II.  Phase II continued the 
efforts of Phase I by proposing a set of surveys within three regions of the Bering Sea to establish 
when and where salmon stocks migrate and rear in the Bering Sea, and to clarify the mechanisms 
of biological response by salmon and ecological related species to the conditions affected by 
climate change.  This document summarizes the published results for research questions proposed 
within the BASIS Phase II research plan.  BASIS Phase II began during 2009 and finished in 
2013. 
 
 
Doc. 1499 Proposed Cruise Plans of Japanese Research Vessels for Salmon in 

the North Pacific Ocean in 2014 
Shigehiko Urawa, Shunpei Sato, and Toru Nagasawa 

Two Japanese research vessels are scheduled to conduct high-seas salmon surveys.  The FRA 
(Fisheries Research Agency) research vessel Hokko maru will carry out a summer monitoring 
survey for salmon and their habitat in the central Bering Sea.  The Hokkaido University research 
vessel Oshoro maru will accomplish salmon research in the western North Pacific in middle May 
2014. 
 
 
Doc. 1501 Revision of Data on Pink Salmon Abundance in East Sakhalin and 

Kuril Islands 
Alexander M. Kaev and Nataliya V. Klovach 

Pink salmon reproduction parameters vary substantially in different regions of the East Sakhalin 
coast and northern and southern Kuril Islands.  Trends in population dynamics differ as well.  On 
this evidence we conducted a revision of data on pink salmon abundance (catches) in the East 
Sakhalin coast and Kuril Islands.  The data were represented separately on the northwest coast, 
north and south parts of the east coast of Sakhalin Island, as well as on northern and southern 
Kuril Islands. 
 
 
Doc. 1502 Biostatistical Information on Salmon Catches, and Enhancement 

Production in Russia in 2013 
 Nataliya V. Klovach, Olga S. Temnykh, Valeriy A. Shevlyakov, 

Alexander V. Bugaev, Alexander M. Kaev, and Vladimir V. Volobuev 
Commercial, subsistence, and sport catch statistics, escapement of adult salmon, and fry releases 
from hatcheries in 2013 are summarized by species and region.  In total, 405,884.39 tonnes of 
salmon was caught in commercial fisheries in Russia in 2013.  Most of the catch comprised pink 
(59%), chum (25%), sockeye (13%), and coho (2%) salmon by weight.  Hatchery releases of 
salmon fry numbered 1,039,059.0 thousand fish.  Most of the hatchery releases were chum (65%), 
pink (33%), and sockeye (1%) salmon. 
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Doc. 1503 Cruise Plans of Japanese Research Vessels Involving Incidental 
Takes of Anadromous Fish in the North Pacific Ocean in 2014 

 Fisheries Research Agency 
Japanese research vessels are scheduled to conduct 10 high-seas surveys for pelagic fishes and 
squids in the North Pacific Ocean in 2014.  These surveys have a possibility of incidental salmon 
catch during the fishing operations with gillnets, trawl or saury dip-net.  In the case of gillnet 
operation, lengths of gillnets will be less than 2.5 km at sea. 
 
 
Doc. 1504 Proposed Otolith Marks for Brood Year 2014 Salmon in Russia 
 Elena Akinicheva, Vladimir V. Volobuev, and Evgeny Fomin 
Otolith marking of salmon of 2014 brood year will be conducted in five regions of the Far East: 
Kamchatka, Magadan, Sakhalin, Khabarovsk and Kuril regions.  Marking will be carried out 
using two methods: thermal and “dry”.  Their application will be determined by the possibilities 
and specificity of water supply of incubated embryos at hatcheries of the Far East.  The dominate 
method of marking will be a “dry” one – it will be used on the 77% of salmon hatcheries.  Salmon 
will be marked at 32 hatcheries.  In total, 42 otolith marks will be used. 
 
 
Doc. 1505 Trawl Survey Plans for Pacific Salmon Marine Life Period Studies in 

the Far Eastern Seas in Summer and Fall 2014 by Russia 
 Olga S. Temnykh, Alexander V. Zavolokin, and Alexander N. Starovoytov 
The document summarizes trawl survey plans for Pacific salmon marine life period studies in the 
Far Eastern Seas in summer and fall 2014 by Russia (TINRO-Center).  The outline of materials, 
methods, surveys timing, and theoretical background are provided. 
 
 
Doc. 1506 Russian Bibliography of 2013 Publications Linked to the Current 

NPAFC Science Plan 
 Alexander V. Zavolokin, Olga S. Temnykh, Svetlana V. Naydenko,  

Maxim V. Koval, Nataliya V. Klovach, Vladimir V. Volobuev,  
Alexander M. Kaev, Andrey A. Zhivoglyadov, Elena V. Golub, and  
Vladimir. I. Ostrovsky  

The bibliography lists original papers and documents published in 2013 by Russian scientists and 
their collaborators relevant to the 2011-2015 NPAFC Science Plan.  The bibliography lists 80 
papers, corresponding to the five key research components of the NPAFC Science Plan. 
 
 
Doc. 1507 Spatial Distribution of Pink Salmon in the Subarctic Front Zone in 

Winter and Spring 
 Alexander L. Figurkin and Svetlana V. Naydenko 
Spatial distribution of pink salmon and the habitat conditions in the central and western parts of 
the Subarctic Front Zone are considered from the data obtained in the winter-spring season of 
1986–1992 and 2009–2011.  The pink salmon spreads widely in the epipelagic layer of the 
mixing zone and adjacent waters, in a wide range of the salinity (32.7–34.9 ‰) and sea surface 
temperature (0.5–12.0 °C).  Its distribution is determined by the shape of the landscape zone 
favorable for its dwelling in winter-spring, so it depends on the mode of the western Subarctic 
gyre in the North-West Pacific, on the mode of the Subarctic Front, and on intensity of the ocean 
branches of the East-Kamchatka Current and Aleutian Current.  Besides, the quantitative 
parameters of its distribution depend on fluctuations of pink salmon abundance between odd- and 
even-numbered years. 
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Doc. 1508 Southeast Alaska Coastal Monitoring (SECM) Survey Plan for 2014 
 Joseph A. Orsi, Emily A. Fergusson, Edward V. Farley Jr., and  

Ronald A. Heintz 
This survey plan details the proposed sampling for the Southeast Coastal Monitoring (SECM) 
project in May, June, July, and August of 2014.  The SECM project is supported by the Alaska 
Fisheries Science Center (AFSC), Auke Bay Laboratories (ABL), with an objective to study the 
habitat use and early marine ecology of juvenile (age-0) Pacific salmon (Oncorhynchus spp.) and 
associated epipelagic ichthyofauna in Southeast Alaska and in the Gulf of Alaska ecosystem.  The 
SECM surveys have been continuous since 1997, and they have provided long-term biological 
and oceanographic data sets associated with all five species of both wild and hatchery salmon 
during a period of climate change. 
 
 
Doc. 1509 Proposed Thermal Marks for Brood Year 2014 Salmon in Alaska 
 Dion S. Oxman 
In Alaska, mass-marking of salmon using otolith thermal marking is an effective research and 
management tool applicable to a variety of situations.  For brood year 2014, approximately 65 
million sockeye, 827 million pink salmon, 677 million chum, 10 million coho, and 8 million 
Chinook salmon will be marked at 27 different hatcheries using 89 thermal marks, three dry 
marks, and one strontium mark. 
 
 
Doc. 1510 Releases of Otolith Marked Salmon from Alaska in 2013 
 Dion S. Oxman 
In Alaska, mass-marking of salmon using otolith thermal marking is an effective research and 
management tool for a variety of situations.  This document reports the otolith mark patterns 
applied to hatchery-raised salmon stocks released in Alaska during 2013.  It includes five species 
of salmon from brood years 2011 through 2013.  Release numbers, mark patterns, and release 
locations are summarized. 
 
 
Doc. 1511 Microsatellite Identification of Sockeye Rearing in the Bering Sea 

During 2009–2013 
 Terry D. Beacham, John R. Candy, Shunpei Sato, and 

Shigehiko Urawa 
Stock composition of sockeye salmon (Oncorhynchus nerka) caught in the southern central 
Bering Sea during Japanese research cruises in the summers of 2009, 2011, 2012, and 2013 was 
estimated through an analysis of microsatellite variation.  Variation at 14 microsatellites was 
analyzed for immature sockeye salmon, and a 404-population baseline spanning Japan, Russia, 
Alaska, Canada, and Washington State was used to determine the stock composition of the fish 
sampled.  Alaskan-origin sockeye salmon were the most abundant in the catch, comprising 86.1% 
of all sockeye salmon caught (United States total 86.1%), with the catch dominated by sockeye 
salmon of Bristol Bay origin.  Russian-origin salmon accounted for an average of 10.6% of the 
annual catch, while Canadian-origin sockeye salmon accounted for 3.4% of the annual catch. 
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Doc. 1512 Data Files from Data Storage Tags Placed on Pacific Salmon and 
Steelhead Trout by the High Seas Salmon Research Program, 
University of Washington 

 NPAFC Secretariat 
Information collected by data storage tags carried by salmon during their high-seas migrations 
provides researchers with new tools to examine important salmon behavioral responses to 
environmental variables in the ocean.  This information is crucial to understanding how changes 
in production and salmon migration might be impacted by ocean conditions and pertains directly 
to the 2011-2015 NPAFC Science Plan on forecasting Pacific salmon production in ocean 
ecosystems under conditions of changing climate.  The High Seas Salmon Research Program of 
the University of Washington offered to provide the NPAFC Secretariat with data storage tag 
information gathered by tags recovered from salmon and steelhead ocean tagging operations.  
Robert Walker, Project Leader of the High Seas Salmon Program (now retired), who is a 
published expert on these tags, was contracted by NPAFC to organize the transfer of the data 
storage tag information.  To complete the work, he organized, reviewed, interpreted, and fully 
documented the data gathered from the individual data storage tags.  This task represents a 
portion of the work undertaken by the Committee on Scientific Research and Statistics to address 
the transfer of data sets to the Secretariat and to make them available in electronic form as 
outlined in CSRS List of Actions No. 7.  A total of 92 data storage tags was recovered from 38 
chum, 21 sockeye, 15 coho, 10 pink, 7 Chinook salmon and one steelhead trout.  Of the 92 tags, 
eight failed completely and four others experienced partial failures.  This report provides 
explanations for raw and modified tag data files, individual tag metadata, and graphs for data 
visualization for the functioning tags.  Investigators considering exploring and using the data files 
from the data storage tags will find the information and guidance provided in this report crucial to 
understanding data file organization and data considerations important to appropriate use of the 
information from the tags.  Previously published peer-reviewed articles and processed reports 
based on data originating from these data storage tags are listed for the convenience of 
researchers needing additional background information. 
 
 
Doc. 1513 Incidental Catches of Anadromous Fishes by Japanese Research 

Vessels in the North Pacific Ocean in 2013 
 Shigehiko Urawa and Toru Nagasawa 
Japanese research vessels conducted scientific fishing operations to assess stock status of Pacific 
saury, and other pelagic fishes and squids using midwater trawls, drift gillnets, and saury dip net 
in the western and central North Pacific Ocean.  A total of 412 salmon including 101 chum, 265 
pink, 28 coho, 17 Chinook, and 1 sockeye salmon was incidentally caught during the research 
surveys between June and October 2013. 
 
 
Doc. 1514 Results of 2013 Salmon Research by the Oshoro maru 
 Maki Ohwada, Keiichiro Sakaoka, Naoki Hoshi, Takuzo Abe, 

Keiri Imai, and Shogo Takagi 
In order to accumulate oceanographic and biological data (including salmonids) and to clarify the 
oceanic structure and marine ecosystem, the T/V Oshoro maru conducted oceanographic 
observations and fishing surveys in the western North Pacific (along the 155°E longitude line) 
and Bering Sea.  The survey was conducted during the Cruise #254 in May, and the Cruise #255 
in June 2013.  Six oceanographic observations and three drift gillnet surveys were conducted 
along the 155°E during the Cruise #254 in May.  The Polar Front was observed in the vicinity of 
43°N, which was similar to the location in previous years.  A total of 673 salmonids was caught 
by gillnet surveys, including 95 chum and 573 pink salmon.  Pink salmon was the dominant 
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species at 43°-14’N and 42°-56’N.  Chum salmon was abundant at 44°-20’N.  The fork lengths 
(F.L.) of chum salmon collected by C-gear gillnet ranged between 484-608 mm F.L., and those of 
pink salmon ranged between 375-524 mm F.L.  All chum salmon caught along 155°E were 
mature fish.  To collect salmonid samples extensively and to collect fresh salmon blood and 
various tissues, two surface long-line and four hook-and-line gear samplings were conducted 
during Cruise #254.  One sockeye, five chum and 297 pink salmon were collected.  During Cruise 
#255-Leg1, three hook-and-line gear samplings were conducted.  A total of nine sockeye and 11 
chum salmon were collected in the southern Bering Sea. 
 
 
Doc. 1515 Preliminary Statistics for 2013 Commercial Salmon Catches in Japan 
 Kei Sasaki, Toshihiko Saito, and Toru Nagasawa 
The commercial catches in coastal and offshore areas of Japan in 2013 totaled 52.3 million fish 
(164 thousand metric tons), including 47.5 million chum (156 thousand metric tons) and 4.8 
million pink (seven thousand metric tons) salmon.  The official specific statistics data may be 
available by the end of March 2015. 
 
 
Doc. 1516 Preliminary 2013 Salmon Enhancement Production in Japan 
 Ayumi Nakashima and Kei Sasaki 
Four species of anadromous Pacific salmon (chum, pink, masu, and sockeye salmon) are 
currently enhanced in Japan.  A total of 1,729 million fry, juveniles, and smolts were released 
from Japanese hatcheries in 2013.  The number of chum salmon fry released in the spring of 2013 
was approximately 1,615 million fish.  Japanese hatcheries also released 102 million pink salmon 
fry, 11,926 thousand masu salmon fry, juveniles, and smolts, and 192 thousand sockeye salmon 
fry and smolts in the spring and fall of 2013. 
 
 
Doc. 1517 Proposed Otolith Marks for Brood Year 2014 Salmon in Japan 

 Yasuo Tomida, Tsutomu Ohnuki, and Shigehiko Urawa 
Japan plans to mark approximately 250 million salmon of 2014 brood year (221.3 million chum, 
24.5 million pink, 4.2 million masu, and 150 thousand sockeye salmon) using 101 discrete 
thermal patterns and three ALC (alizarin complexone) patterns at 43 hatcheries.  Two rings in the 
first band are adopted as the base mark to distinguish Japanese chum and pink salmon from other 
stocks. 
 
 
Doc. 1518 The Summer 2013 Japanese Salmon Research Cruise of the R/V 

Hokko maru 
 Shunpei Sato, Tomoki Sato, Takashi Ohkubo, Shingo Nakamura, and 

Manabu Kagaya 
A summer high-seas research cruise to investigate the biology of Pacific salmon was conducted 
from July 20 to August 10 in the Bering Sea aboard the Japanese research vessel Hokko maru.  
Research cruise activities included the collection of data on oceanography, zooplankton, 
micronekton, salmonids, and other organisms.  In addition, seawater samples were collected for 
environmental DNA analysis.  A total of 3,443 salmonids were caught by trawls and angling.  
Chum salmon was the most abundant species (87.5%), followed by sockeye salmon (8.9%), 
Chinook salmon (3.5%), coho salmon (0.09%), and pink salmon (0.06%).  Salmonids were 
measured with respect to fork length and body and gonad weights by sex, and the scales were 
removed for age determination.  Isotope, genetic, otolith, stomach, muscle of chum and Chinook 
salmon, brain and pituitary of chum and sockeye salmon, and seawater samples were obtained for 
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future study.  There were 116 chum salmon and one sockeye salmon tagged with disk tags and 
released in the Bering Sea.  Among tagged fish, 19 small and seven large chum salmon were 
released with DST (Data Storage Tag) micro and DST magnetic tags, respectively.  Age-specific 
catch per a surface trawl (CPUE), scale mass index of chum salmon at 17 fixed sampling stations 
from 2007 to 2013, and estimated stock composition and abundance of chum salmon in 2013 are 
documented in this report. 
 
 
Doc. 1519 Genetic Variation Among Major Sockeye Salmon Populations in 

Kamchatka Peninsula Inferred from SNP And Microsatellite  
DNA Analyses 

 Anastasia M. Khrustaleva, Morten T. Limborg, James E. Seeb 
Sockeye salmon samples from six populations from Kamchatka Peninsula were tested for 
polymorphism at six microsatellite (STR) and forty-five single nucleotide polymorphism (SNP) 
loci.  These populations included the five largest populations in the region.  Statistically 
significant genetic differentiation among the local populations examined from this part of the 
species range was demonstrated.  The STR variability points to pronounced genetic divergence of 
the populations from two geographical regions, Eastern and Western Kamchatka.  The results of 
SNP analysis further revealed that the populations of the two northern Kamchatka rivers (Palana 
River and Pakhacha River) differed significantly from the other populations studied.  We 
estimated the efficiency for both types of markers for individual assignment of fish taken in 
mixtures.  Accuracy was generally higher for assignment with SNP data; however, pooling of the 
STR and SNP data sets provided higher accuracy than with either one alone. 
 
 
Doc. 1520 Bibliography of Publications on the Marine Ecology of Juvenile 

Pacific Salmon in North America, 2006-2014 
 Eric Hertz and Marc Trudel 
In this document, we provide a compilation of primary publications in peer-reviewed journals, as 
well as applicable NPAFC publications (Bulletin and Documents) that have been published on 
juvenile Pacific salmon (Oncorhynchus spp.) by North American scientists since 2006.  This 
compilation formed the basis of an overview on recent progress in understanding the marine 
ecology of juvenile salmon in North America that was presented at the “Third International 
Workshop on Migration and Survival Mechanisms of Juvenile Salmon and Steelhead in Ocean 
Ecosystems” in Honolulu. 
 
 
Doc. 1521 Stock Composition Analysis of Juvenile Chum and Chinook Salmon 

Captured on the 2012 Bering Sea and Chukchi Sea Research Surveys 
 Christine M. Kondzela, Charles M. Guthrie III, Colby T. Marvin, 

Jacqueline A. Whittle, Hanhvan T. Nguyen, Colleen Ramsower, and 
Jeffrey R. Guyon 

Juvenile chum (Oncorhynchus keta) and Chinook salmon (O. tshawytscha) were collected in the 
Bering and Chukchi seas as part of the 2012 U.S. BASIS/Arctic Ecosystem Integrated Survey 
(Arctic EIS) cruises.  Juvenile chum salmon were more commonly encountered on the survey and 
1,222 juveniles were genotyped for 11 microsatellite markers to determine their stock of origin.  
The most northern sample set was relatively small; juvenile chum salmon collected in the 
Chukchi Sea were predominantly from the Kotzebue Sound stock group.  Juvenile chum salmon 
collected in the northern Bering Sea near Norton Sound were predominantly of Norton Sound 
origin.  Yukon River chum salmon were present in both survey areas of the Bering Sea, but were 
more prevalent between latitude 60-63°N.  Juvenile Chinook salmon were not encountered in the 
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Chukchi Sea, but a small sample of 81 juveniles from the Bering Sea was genotyped for 43 single 
nucleotide polymorphism (SNP) markers.  Most of the Chinook salmon were from the Upper 
Yukon, Coastal Western Alaska, and Middle Yukon stock groups.  This study determined the 
freshwater origin of juvenile chum and Chinook salmon from the northern Bering and Chukchi 
seas during late-summer/fall based on genetic data and may be used to help guide future surveys 
of juvenile salmon abundance in western Alaska.   
 
 
Doc. 1522 United States Cruise Plan for the Gulf of Alaska Project, July - 

August 2014 
 Jamal Moss 
Scientists from the National Marine Fisheries Service (NMFS) will conduct a fisheries 
oceanographic survey during summer of 2014 within the southeastern region of the Gulf of 
Alaska (GOA) to provide key ecological data on the pelagic ecosystem, examine oceanographic 
transport mechanisms, lower trophic level production, and age-0 marine fish and juvenile salmon 
distribution and condition.  Primary objectives of the survey will be to (1) collect biological 
information on ecologically important marine fish and salmon and (2) describe the physical and 
biological conditions of the GOA. 
 
 
Doc. 1523 United States Cruise Plan for BASIS on the R/V OSCAR DYSON, 

August – October 2014  
 Edward V. Farley, Jr. 
 This cruise plan outlines the dates, locations, and activities of a fisheries oceanographic survey 
conducted in the southeastern Bering Sea during late summer and fall 2014.  This survey is in part 
a continuation of the Bering Aleutian Salmon International Survey (BASIS).  The primary 
objectives are to collect biological information on important fish species and describe the physical 
and biological oceanographic conditions in the southeastern Bering Sea.     
 
 
Doc. 1524 SALOSIS (Salmon Ocean Surveillance Information System) 
 Skip McKinnell and Marc Trudel 
The overarching objective is to understand the distribution of Pacific salmon in relation to 
oceanographic features that can be measured remotely from satellites or other global ocean 
observing assets.  This first pilot project examined the relation between salmon and sea surface 
temperature.  An historical data analysis and literature review was conducted to develop and 
understanding of monthly sea surface temperature frequency distributions where pink salmon and 
sockeye salmon were caught beyond territorial limits in the North Pacific Ocean, particularly in 
the Gulf of Alaska where British Columbia salmon are known to be abundant.  For comparison, a 
preliminary exploration of the northwestern North Pacific was conducted using Hokkaido 
University's HUFODAT database to understand the relationship between salmon distribution 
there and sea surface temperature.  Maps of suitable thermal habitat for pink and sockeye salmon 
in the Gulf of Alaska were computed for the months April through July 2013 using the 
NOAA/OIv2SST 1° X 1° lat/long database.  Extrapolation of suitable thermal habitat, based on 
measurements in the Gulf of Alaska, to the northwestern North Pacific did not accurately 
represent known distributions.  Salmon are known to be subarctic animals, so the monthly 
position of the Subarctic Boundary was computed monthly for 2013 using salinity data that are 
transmitted from profiling lagrangian floats (deployed by Project Argo) to the US-GODAE Argo 
server.  While the Subarctic Boundary may potentially be a relevant feature in the northwestern 
North Pacific, in the eastern North Pacific, it veers sharply southward and does not correspond 
with the known offshore limits to salmon distribution.  SST frequency data where salmon have 
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been known to be caught, combined with the monthly SST data described above for 2013 
produced monthly coloured maps of salmon relative vulnerability to IUU fishing at 1° X 1° 
lat/long.  Vulnerability is a function of the overlap of the salmon-SST probability distribution 
function (pdf) with the SST pdf.  No overlap indicates no vulnerability to IUU fishing, and 
complete overlap indicates high exposure.  Mismatches in some regions between suitable thermal 
habitat and known salmon distributions suggest that surveillance planning will require a more 
comprehensive view of salmon oceanic habitat than can be ascertained from SST alone.  Ocean 
colour, hydrography, and altimetry are sources of additional information that could be fruitfully 
explored, perhaps within the context of an ocean circulation model.  
 
 
Doc. 1525 Korean Chum Salmon Catch Statistics and Hatchery Releases in 

2013-2014 
 Kwan Eui Hong, Ju Kyoung Kim, and Doo Ho Kim 
Total catch of chum salmon was 95,057 fish or 218.6 metric tons (MT) in 2013.  Among these, 
53,388 fish or 122.7 MT were caught from the coastal areas for the commercial purpose (i.e., 
mostly set-net fishery) and 41,669 fish and 95.8 MT from the river for artificial propagation in a 
hatchery.  Chum salmon were caught in coasts (56.1%) and rivers (43.9%).  Average weight of 
chum salmon in 2013 was 2.30 kg and in 2012 was 2.04 kg. 
 
 
Doc. 1526 Korean Research Plan for Salmon in 2014 
 Kwan Eui Hong, Ju Kyoung Kim, and Ha Yeun Song 
Salmon are political resources due to the characteristics of transboundary distribution and 
economic importance.  The interest in chum salmon biology in Korea was much increased since 
establishment of the Yangyang Salmon Station (formerly Cold-water Fish Research Center) of 
the Korea Fisheries Resources Agency in the 1980s.  The enhancement program of chum salmon 
has been expanded thereafter, so that chum salmon were transplanted to 18 streams in the coast of 
the Korean Peninsula.  On the other hand, however, ecological research on salmon species was 
very limited until recently due to the lack of research programs.  Though involvement in the 
North Pacific Anadromous Fisheries Commission requires scientific investigation on salmon 
research of each member nation, a conspicuous increase in research funding was not achieved.  
Oceanic environments have been rapidly altered by climate change during the last a few decades 
and ocean ecosystems including salmon populations will be modified under the global warming 
situation.  A special intention is needed for stocks at the southern boundary of distribution, such 
as Korean chum salmon.  
 
 
Doc. 1527 Otolith Thermal Mark for Brood Year 2013 and Proposed Thermal 

Marks for Brood Year 2014 Chum Salmon in Korea 
 Kwan Eui Hong, Ju Kyoung Kim, and Seung Min Yoon  
Korea released 4.1 million and 6.2 million thermal marked chum salmon in March 2013 and 
2014, respectively.  The marks were 3,1,2H in 2013 (2012 BY).  In 2014 (BY 2013), Korea 
released chum salmon with the 3,2,1H (6.0 million) and 3,4,2H (0.2 million) otolith marks.  
Approximately 7.5 million chum salmon (BY 2014) will be otolith marked, which covers about 
50% ~60% of releases of chum salmon at Namdae-cheon and Wangpi-cheon (river).  Chum 
salmon will be marked at two different hatcheries (Yangyang Hatchery and Uljin Hatchery) using 
two thermal marks. 
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Doc. 1528 High Seas Salmonid Coded-Wire Tag  Recovery Data, 2013 
 Adrian G. Celewycz, Emily A. Fergusson, Jamal H. Moss, and  

Joseph A. Orsi 
Information on high seas recoveries of salmonids (Oncorhynchus spp.) tagged with coded-wire 
tags (CWTs) has been reported annually to the International North Pacific Fisheries Commission 
(1981-1992) and to the North Pacific Anadromous Fish Commission (1993-present).  Data from 
these CWT recoveries are also reported to the Regional Mark Processing Center (RMPC, 
http://www.rmpc.org) of the Pacific States Marine Fisheries Commission (PSMFC) for inclusion 
into their Regional Mark Information System (RMIS) Database.  This document lists recovery 
data for 324 CWT salmonids that will be reported to PSMFC/RMPC for the first time.  These 
CWTs were recovered from (1) the U.S. groundfish trawl fishery in the Gulf of Alaska (GOA) as 
sampled by observers (10 Chinook salmon, O. tshawytscha) in 2012 and 2013; (2) the U.S. 
groundfish trawl fishery in the GOA as sampled in a CWT tunnel detector test conducted at a 
Kodiak processing plant (71 Chinook salmon) in 2012; (3) Salmon Excluder Device testing in the 
GOA (40 Chinook salmon) in 2013; (4) rockfish trawl fishery in the GOA (113 Chinook salmon) 
in 2013; (5) the U.S. groundfish trawl fishery in the eastern Bering Sea-Aleutian Islands (BSAI, 7 
Chinook salmon) in 2012 and 2013; and (6) U.S. trawl research in the GOA (68 Chinook salmon 
and 15 coho salmon, O. kisutch) in 2012.  No new CWT recoveries from either the at-sea Pacific 
hake (Merluccius productus) trawl fishery in the northern Pacific Ocean off Washington/Oregon 
(WA/OR) or the West Coast trawl fishery off Washington/Oregon/California (WA/OR/CA) have 
been reported to the RMPC since 2011.  No new CWT recoveries from foreign high seas research 
have been reported to the RMPC since 2010. 
 
 
Doc. 1529 Canadian Juvenile Salmon Surveys in 2014-2015 
 Marc Trudel and Chrys Neville 
In this document, we present the juvenile salmon research surveys that have been planned in both 
the offshore and inshore areas by Canada for 2014-2015.  The offshore program will conduct 
sampling off the west coast of British Columbia, whereas the inshore program will conduct 
sampling in the Strait of Georgia and Puget Sound.  In addition to these two long-term programs, 
Canada will conduct three research projects in nearshore waters: (1) weekly purse seine survey in 
Johnstone Strait to monitor the northward migration of juvenile Fraser River Sockeye Salmon 
(May-July); (2) purse seine surveys in Cowichan Bay on the east coast of Vancouver Island as 
part of a study examining the factor causing mortality of juvenile Chinook Salmon in Southern 
British Columbia; and (3)  a mid-water trawl survey performed with a small net (4 m X 4 m) to 
describe the dispersion of juvenile Chinook Salmon in nearshore waters. 
 
 
Doc. 1530 United States Cruise Plan for Northern Bering Sea Surface Trawl 

Surveys, August - September 2014 
 Kathrine Howard and Jim Murphy 
This survey plan details the proposed sampling of juvenile salmon in the northern Bering Sea in 
August-September 2014.  This represents the first year of a three-year collaborative project 
between Alaska Department of Fish and Game and Alaska Fisheries Science Center, Auke Bay 
Laboratories (ABL), with funding from the State of Alaska Chinook Salmon Research Initiative.  
This project builds upon prior juvenile salmon surveys conducted in the northern Bering Sea and 
led by ABL. 
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Doc. 1531 Canadian Commercial Catches and Escapements of Chinook and 
Coho Salmon Separated into Hatchery- and Wild-Origin Fish 

 Athena D. Ogden, James R. Irvine, Michael O’Brien, Nicholas Komick, 
Gayle Brown, and Arlene Tompkins 

This report presents preliminary estimates of Canadian salmon abundance time series partitioned 
into hatchery- and wild-origin fish for return years 1975-2012.  We present a novel coded-wire 
tag based method to estimate the numbers of hatchery-origin coho and Chinook salmon in the 
Canadian catch, a method developed that also identifies the jurisdiction of origin of hatchery fish.  
Escapements were also estimated and partitioned into hatchery- and wild-origin coho and 
Chinook salmon using spawner escapement data, hatchery-origin escapement estimates, and 
hatchery release numbers.  Missing data in time series of annual escapement were imputed using 
a method of infilling expected values in contingency tables.  When taking into account the entire 
time series for each species, wild fish were always more abundant than hatchery fish in both catch 
and escapement, except for Chinook catches off the West Coast of Vancouver Island.  Catches of 
migrating U.S. hatchery fish resulted in higher proportions of hatchery fish in the catch than 
escapements for coho on the West Coast Vancouver Island and Chinook throughout British 
Columbia.  We are currently making refinements to the methods that may result in changes to the 
preliminary results presented here. 
 
 
Doc. 1532 Proposed Thermal Marks for Salmon from Canada, Brood  

Year 2014 
 Susan DiNovo and Wilf Luedke 
Thermal marking continues to play an important role for both research and fisheries management 
in Canada.  Canada plans to thermally mark approximately 67 million Pacific salmon for release 
in 2015/16.  Thermal marking will include 59 thermal marks applied at 17 hatcheries with 
marked salmon released at 44 locations.  The plan is similar to the 2013 brood year marking 
plan, fish planned for release in 2014/15. 
 
 
Doc. 1533 Improvements to the Range-Wide Genetic Baseline for Chum 

Salmon Through the Western Alaska Salmon Stock Identification 
Program (WASSIP) and PacSNP Collaboration 

 William D. Templin, Chris Habicht, Lisa W. Seeb, James E. Seeb, and 
Eric C. Volk 

Chum salmon (Oncorhynchus keta) are important to the economy and culture of many 
communities in Western Alaska.  The Western Alaska Salmon Stock Identification Program 
(WASSIP) was initiated as a means to determine stock of origin of chum and sockeye (O. nerka) 
salmon harvests in western Alaska fisheries.  The foundation for this study was built through the 
North Pacific Anadromous Fish Commission by the Working Group on Stock Identification 
Studies and through a United States/Japanese collaboration that coordinated and developed a 
DNA database for chum salmon based on SNPs “PacSNP”.   WASSIP increased the baseline for 
chum salmon from 114 to 310 populations and from 60 to 95 SNPs selected from 188 SNPs.  
WASSIP also implemented novel quality control procedures for both laboratory and statistical 
analyses and developed statistical methods for handling linked loci.  These data can serve as the 
springboard for collaborations among investigators from throughout the Pacific Rim to examine 
questions ranging from population structure, migratory behavior, stock-specific harvest, post-
glacial colonization, and methods to select subsets of the data for specific research applications.  
Through PacSNP, the U.S. party is open to providing data and expertise in collaboration with 
scientists from other parties that will advance the use of these data for research on chum salmon. 
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Recoveries of High Seas Tags in 2012-2013 and Tag Releases in 2013 

from High Seas Research Vessel Surveys in the North Pacific Ocean 
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Abstract 

In July and August 2013, tagging operations were conducted by the Japanese research vessel Hokko 

maru, and 117 chum salmon and a sockeye salmon were released with tags (including data storage tags, 
DSTs) in the Bering Sea. High seas tags were reported from three chum salmon in Japan, two chum 
salmon in Russia, and two sockeye salmon in south central Alaska and eastern Kamchatka in 2012 and 
2013. The recoveries included two magnetic DSTs in Japan and a LTD tag in Kamchatka. 

 

Introduction 

The Working Group on Salmon Tagging (WGST) was established by the Committee on Scientific 
Research and Statistics (CSRS) at the 15th Annual Meeting in 2007 to manage the INPFC-NPAFC 
tagging database and to coordinate high seas tagging activities of the Parties.  This document 
summarizes releases of tagged high-seas salmon in 2013 and recovery reports of high-seas tags by the 
Parties in 2012-2013, covering updated information since the previous report (WGST 2012).  

 
Releases of High Seas Tags in 2013 

The Japanese research vessel Hokko maru conducted trawl and hook and line operations at 17 
stations in the Bering Sea (Sato et al. 2014).  During this research cruise 117 chum salmon and one 
sockeye salmon were tagged with two (FAJ and NPAFC) disk tags and released into the Bering Sea 
(Table 1).  Among them, 19 chum salmon and a sockeye salmon were tagged with small archival tag 
(DST milli-F), and seven chum salmon were tagged with large archival tag (DST magnetic).  The small 
archival tag (model DST milli-F manufactured by Star-Oddi, Gardabaer, Iceland; size, 13 × 38.4 mm; 
weight in air, 9.2 g; number of records, 340,000 per sensor) was used to record seawater temperature 
and depth of immature chum salmon over winter.  The large archival tag (model DST magnetic 
manufactured by Star-Oddi, Gardabaer, Iceland, size, 15 × 46 mm; weight in air, 19 g; number of 
records, 4,000 per sensor) was used to record seawater temperature, depth, earth’s magnetic field 
strength (in three directions), and tilt (in three directions) of maturing chum salmon.  From the 
magnetic field strength measurements a relative magnetic field vector is calculated, which can be put 
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into models to find longitude and latitude of the fish. It is also a useful tool for recording compass 
directions.  
 
Recovery of High Seas Tag in 2012 

A female chum salmon tagged with DST magnetic (#608) was recovered by a set net along the 
Okhotsk Sea coast of Hokkaido, Japan (44°40’N, 142°52’E) on October 11, 2012 (Table 2). This fish 
was released in the Bering Sea (58º28’N, 179º54’E) on July 30, 2012 during the Hokko maru cruise 
(Sato et al. 2012). 
 
Recovery of High Seas Tags in 2013 

Two tagged chum salmon were recovered in the coast of Okhotsk Sea, Japan in the fall of 2013 
(Table 3).   One of them passed three winters after being released in the Bering Sea on July 12, 2010 by 
Wakatake maru (Ishihara et al. 2010).  A magnetic tag (DST #669) was recovered from another chum 
salmon released in the Bering Sea on July 26, 2013.  This is the second case of magnetic tag recoveries 
since 2012. 

Two tagged chum salmon were recovered in Sakhalin and Kamchatka, Russia (Table 3).  In 
Kamchatka a LTD tag (#7495) was recovered from chum salmon released in the eastern Bering Sea on 
June 27, 2004.  The recorded data (temperature and depth, 30 min interval) was successfully recovered 
from this battery-dead archival tag in cooperation with the manufacturer, Lotek. The tagged chum 
salmon showed a typical vertical migration behavior for homing to Kamchatka (Fig. 1).  Although the 
exact recovery date and location were not reported, the data indicated that the tagged fish was caught 
on September 4, 2004.  The tag continued recording data until May 6, 2006, suggesting the battery life 
was almost 2 years.  Chum salmon recovered in the southwest coast of Sakhalin on September 16, 2013 
was originally released in the Bering Sea on July 6, 2008.  The estimated age was 0.8 when the fish 
was recovered. 

An old data storage tag (KIWI #144) from a sockeye salmon caught in the Copper River district, 
south central Alaska, USA was reported in November 2013 (Table 3).  The exact recovery date was 
unknown, but very likely several weeks after the fish was released in the Gulf of Alaska (57°12’N, 
145°04’W) on May 21, 1999 by the US research vessel Great Pacific (Walker et al. 1999).  In addition, 
Russia reported sockeye salmon with a disc tag (NA#3661) caught in Karaginsky Bay, eastern 
Kamchatka on September 8, 2009. This fish was released in the central Bering Sea (56º30'N, 
179º00'W) on July 5, 2009 (Table 3). 
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Table 1. Releases of high-seas tagged salmon in 2013. DS tag, data storage tag; HL, hook and line; T, 
surface trawl; FL, fork length (mm). 

No. Japan tag # NPAFC tag 
# DS tag # DS type Date Lat Long Gear Species FL Age 

1 D0901 NA5418 666 Magnetic 7/25/13 56°02' 174°55'E HL Chum 610 0.4 
2 D0902 NA5454 669 Magnetic 7/26/13 54°01' 175°05'E T Chum 613 0.4 
3 D0903 NA5483 673 Magnetic 7/26/13 54°01' 175°05'E HL Chum 561 0.3 
4 D0904 NA5499 1 Micro 7/28/13 53°34' 179°59'E HL Sockeye 466 2.2 
5 D0905 NA5500 679 Magnetic 7/28/13 53°34' 179°59'E HL Chum 625 0.3 
6 D0911 NA5501 2 Micro 7/29/13 54°33' 179°56'E HL Chum 441 0.2 
7 D0907 NA5502 3 Micro 7/29/13 54°33' 179°56'E HL Chum 431 0.2 
8 D0908 NA5503 4 Micro 7/29/13 54°33' 179°56'E HL Chum 440 0.2 
9 D0910 NA5504 5 Micro 7/29/13 54°33' 179°56'E HL Chum 453 0.2 

10 D0920 NA5506 6 Micro 7/29/13 54°33' 179°56'E HL Chum 443 0.2 
11 H1937 NA5508   7/29/13 55°34' 180°00' HL Chum 542 NA 
12 H1940 NA5511   7/29/13 55°34' 180°00' HL Chum 514 0.3 
13 H1932 NA5512   7/29/13 55°34' 180°00' HL Chum 489 0.3 
14 D0906 NA5507 7 Micro 7/29/13 55°34' 180°00' HL Chum 487 0.3 
15 D0912 NA5513 8 Micro 7/29/13 55°34' 180°00' HL Chum 487 0.3 
16 D0913 NA5514 9 Micro 7/29/13 55°34' 180°00' HL Chum 455 0.2 
17 H1935 NA5515   7/29/13 55°34' 180°00' HL Chum 491 0.3 
18 D0914 NA5516 10 Micro 7/29/13 55°34' 180°00' HL Chum 458 0.2 
19 H1939 NA5517 11 Micro 7/29/13 55°34' 180°00' HL Chum 460 0.2 
20 D0915 NA5518 681 Magnetic 7/30/13 56°34' 179°59'E HL Chum 637 0.4 
21 D0916 NA5519 12 Micro 7/30/13 56°34' 179°59'E HL Chum 449 0.2 
22 D0917 NA5520 13 Micro 7/30/13 56°34' 179°59'E HL Chum 454 0.2 
23 H1936 NA5521   7/30/13 56°34' 179°59'E HL Chum 445 0.2 
24 D0918 NA5522 682 Magnetic 7/30/13 56°34' 179°59'E HL Chum 588 0.3 
25 D0919 NA5523 14 Micro 7/30/13 56°34' 179°59'E HL Chum 449 0.2 
26 H1931 NA5524   7/30/13 56°34' 179°59'E HL Chum 460 0.3 
27 H1934 NA5525   7/30/13 56°34' 179°59'E HL Chum 504 0.3 
28 H1980 NA5526   7/30/13 56°34' 179°59'E HL Chum 515 0.3 
29 H1971 NA5527   7/30/13 56°34' 179°59'E HL Chum 461 0.3 
30 H1977 NA5528   7/30/13 56°34' 179°59'E HL Chum 517 0.3 
31 H1972 NA5529   7/30/13 56°34' 179°59'E HL Chum 510 0.3 
32 H1974 NA5530   7/30/13 56°34' 179°59'E HL Chum 471 0.2 
33 H1975 NA5531   7/30/13 56°34' 179°59'E HL Chum 470 0.3 
34 H1973 NA5532   7/30/13 56°34' 179°59'E HL Chum 522 0.3 
35 H1976 NA5533   7/30/13 56°34' 179°59'E HL Chum 493 0.3 
36 D0920 NA5534 15 Micro 7/30/13 57°32' 179°59'W HL Chum 404 0.2 
37 H1978 NA5541   7/30/13 57°32' 179°59'W HL Chum 449 0.3 
38 H1979 NA5542   7/30/13 57°32' 179°59'W HL Chum 455 0.3 
39 H1941 NA5543   7/30/13 57°32' 179°59'W HL Chum 473 0.2 
40 H1942 NA5544   7/30/13 57°32' 179°59'W HL Chum 373 0.1 
41 H1943 NA5545   7/30/13 57°32' 179°59'W HL Chum 452 0.2 
42 H1944 NA5546   7/30/13 57°32' 179°59'W HL Chum 463 0.3 
43 H1945 NA5547   7/30/13 57°32' 179°59'W HL Chum 490 0.3 
44 D0922 NA5535 17 Micro 7/30/13 57°32' 179°59'W HL Chum 357 0.1 
45 H1946 NA5548   7/30/13 57°32' 179°59'W HL Chum 451 0.2 
46 H1947 NA5549   7/30/13 57°32' 179°59'W HL Chum 482 0.3 
47 D0923 NA5536 16 Micro 7/30/13 57°32' 179°59'W HL Chum 348 0.1 
48 H1948 NA5550   7/30/13 57°32' 179°59'W HL Chum 447 0.2 
49 D0924 NA5537 18 Micro 7/30/13 57°32' 179°59'W HL Chum 355 0.1 
50 H1949 NA5551     7/30/13 57°32' 179°59'W HL Chum 408 0.2 
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Table 1. Continued. 

No. Japan tag # NPAFC tag 
# DS tag # DS type Date Lat Long Gear Species FL Age 

51 H1950 NA5552   7/30/13 57°32' 179°59'W HL Chum 449 0.2 
52 H1951 NA5553   7/30/13 57°32' 179°59'W HL Chum 511 0.2 
53 H1952 NA5555   7/30/13 57°32' 179°59'W HL Chum 442 0.2 
54 H1953 NA5556   7/30/13 57°32' 179°59'W HL Chum 422 0.2 
55 H1954 NA5557   7/31/13 58°33' 179°58'E HL Chum 550 0.3 
56 H1955 NA5558   7/31/13 58°33' 179°58'E HL Chum 518 0.3 
57 H1956 NA5559   7/31/13 58°33' 179°58'E HL Chum 479 0.3 
58 H1957 NA5560   7/31/13 58°33' 179°58'E HL Chum 435 0.2 
59 H1958 NA5561   7/31/13 58°33' 179°58'E HL Chum 434 0.2 
60 D0925 NA5538 19 Micro 7/31/13 58°33' 179°58'E HL Chum 379 0.1 
61 H1959 NA5562   7/31/13 58°33' 179°58'E HL Chum 527 0.3 
62 H1960 NA5563   7/31/13 58°33' 179°58'E HL Chum 527 0.3 
63 H1961 NA5564   7/31/13 58°33' 179°58'E HL Chum 437 NA 
64 H1962 NA5565   7/31/13 58°33' 179°58'E HL Chum 498 0.3 
65 H1963 NA5566   7/31/13 58°33' 179°58'E HL Chum 464 0.2 
66 H1964 NA5567   7/31/13 58°33' 179°58'E HL Chum 459 0.2 
67 H1965 NA5568   7/31/13 58°33' 179°58'E HL Chum 420 NA 
68 H1966 NA5569   7/31/13 58°33' 179°58'E HL Chum 433 0.2 
69 H1967 NA5570   7/31/13 58°33' 179°58'E HL Chum 449 0.2 
70 H1968 NA5571   7/31/13 58°33' 179°58'E HL Chum 435 0.3 
71 H1969 NA5572   7/31/13 58°33' 179°58'E HL Chum 492 0.2 
72 H1970 NA5573   7/31/13 58°33' 179°58'E HL Chum 521 0.3 
73 H1981 NA5574   7/31/13 58°33' 179°58'E HL Chum 549 0.3 
74 H1982 NA5575   7/31/13 58°33' 179°58'E HL Chum 456 NA 
75 H1983 NA5576   7/31/13 58°33' 179°58'E HL Chum 485 0.3 
76 H1984 NA5577   7/31/13 58°33' 179°58'E HL Chum 456 0.2 
77 D0927 NA5579   8/1/13 57°32' 179°59'W HL Chum 526 0.3 
78 D0928 NA5580   8/1/13 57°32' 179°59'W HL Chum 445 0.2 
79 D0929 NA5581   8/1/13 57°32' 179°59'W HL Chum 443 0.2 
80 D0930 NA5540   8/1/13 57°32' 179°59'W HL Chum 446 0.2 
81 H1985 NA5582   8/1/13 56°59' 175°00'W HL Chum 455 0.2 
82 D1778 NA5578 20 Micro 8/1/13 56°59' 175°00'W HL Chum 367 0.1 
83 H1986 NA5583   8/1/13 56°59' 175°00'W HL Chum 414 0.2 
84 H1987 NA5584   8/2/13 56°59' 175°00'W HL Chum 442 0.2 
85 H1998 NA5585   8/1/13 56°59' 175°00'W HL Chum 538 0.3 
86 H1989 NA5586   8/2/13 55°57' 175°00'W HL Chum 411 0.2 
87 H1990 NA5587   8/2/13 55°57' 175°00'W HL Chum 509 0.3 
88 H1991 NA5588   8/2/13 54°59' 174°58'W HL Chum 439 0.2 
89 H1992 NA5589   8/2/13 54°59' 174°58'W HL Chum 441 0.2 
90 H1993 NA5590   8/2/13 54°59' 174°58'W HL Chum 469 0.2 
91 H1994 NA5591   8/2/13 54°59' 174°58'W HL Chum 494 0.3 
92 H1995 NA5592   8/2/13 54°59' 174°58'W HL Chum 445 0.3 
93 D0926 NA5539 674 Magnetic 8/2/13 54°59' 174°58'W HL Chum 548 0.4 
94 H1996 NA5593   8/2/13 54°59' 174°58'W HL Chum 516 0.2 
95 H1997 NA5594   8/2/13 54°59' 174°58'W HL Chum 554 0.4 
96 H1998 NA5597   8/2/13 54°59' 174°58'W HL Chum 482 0.2 
97 H1999 NA5596   8/2/13 54°59' 174°58'W HL Chum 493 0.3 
98 H2000 NA5595   8/2/13 54°59' 174°58'W HL Chum 465 0.2 
99 D0963 NA5598   8/2/13 54°59' 174°58'W HL Chum 489 0.2 

100 D0962 NA5599     8/2/13 54°59' 174°58'W HL Chum 489 0.3 
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Table 1. Continued. 

No. Japan tag # NPAFC tag 
# DS tag # DS type Date Lat Long Gear Species FL Age 

101 D0969 NA5600   8/2/13 54°59' 174°58'W HL Chum 455 0.2 
102 D0981 NA5800   8/2/13 54°59' 174°58'W HL Chum 431 0.2 
103 D0982 NA5901   8/2/13 54°59' 174°58'W HL Chum 468 0.2 
104 D0983 NA5802   8/2/13 54°59' 174°58'W HL Chum 534 0.3 
105 D0990 NA5803   8/2/13 54°59' 174°58'W HL Chum 479 0.2 
106 D0989 NA5804   8/2/13 54°59' 174°58'W HL Chum 544 0.5 
107 D0961 NA5805   8/3/13 53°57' 174°57'W HL Chum 495 0.3 
108 D0970 NA5806   8/3/13 53°57' 174°57'W HL Chum 442 0.2 
109 D0984 NA5807   8/3/13 53°57' 174°57'W HL Chum 459 0.2 
110 D0987 NA5808   8/3/13 53°57' 174°57'W HL Chum 487 0.3 
111 D0988 NA5810   8/3/13 53°57' 174°57'W HL Chum 504 0.3 
112 D0985 NA5809   8/3/13 53°57' 174°57'W HL Chum 453 0.4 
113 D0986 NA5811   8/3/13 53°57' 174°57'W HL Chum 607 0.4 
114 D0940 NA5812   8/3/13 53°57' 174°57'W HL Chum 589 0.4 
115 D0939 NA5813   8/3/13 53°57' 174°57'W HL Chum 509 0.3 
116 D0931 NA5814   8/3/13 53°57' 174°57'W HL Chum 550 0.3 
117 D0932 NA5815   8/3/13 53°57' 174°57'W HL Chum 540 0.3 
118 D0933 NA5816     8/3/13 53°57' 174°57'W HL Chum 526 0.3 
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Table 2. Recoveries of high-seas tagged salmon in 2012. Age designation is the European method. DS tag, data strage tag; FL, fork length (mm); BW, 
body weight (g). 

No. Japan 
tag # 

NPAFC 
tag # 

DS 
tag 
# 

 Release  Recovery 

  Date Lat Long Species FL Age   Date Lat Long Gear Sex FL BW Location 

1 D1755 NA5457 608   7/30/12 58º28’N 179º54’E Chum 650 NA   10/11/12 44º40'N 142º52'E Trap 
net F 607 2550 

Oumu, 
Okhotsk Sea 
coast, 
Hokkaido 

 

Table 3. Recovery records of high-seas tagged salmon in 2013. Age designation is the European method. DS tag, data storage tag; FL, fork length (mm); BW, 
body weight (g). 

Tag 
# 

Japan 
 tag # 

US 
tag # 

NPAFC 
tag # 

DS 
tag # 

 Release  Recovery 

  Date Lat Long Species FL Age   Date Lat Long Gear Sex FL BW Location 

1 D0902 - NA5454 669  7/26/13 54º01'N 175º05'E Chum 613 NA  10/9/13 43º59'N 144º52'E Trap 
net F 635 2600 

Shari, 
Okhotsk 
Sea coast, 
Hokkaido 

2 KK5271 - NA5271 -  7/12/10 54º30'N 178º00'W Chum 365 0.1  9/18/13 45º00'N 142º34'E Trap 
net M 600 2600 

Eshashi, 
Okhotsk 
Sea coast, 
Hokkaido 

3 LL6999 M3999 NA0999 -  7/6/08 56º29'N 178º57'E Chum 542 0.3  9/16/13 46º52'014N 141º57'599E Gill 
net M 720 4377 

Kalinino, 
south-west 
coast, 
Sakhalin 

4 BB1805 LL7566 - LTD  
7495  6/27/04 53º05'N 170º22'W Chum 565 NA  

9/4/04 
(estimated) NA NA NA NA NA NA Kamchatka 

5 - LL1231 - 144  5/21/99 57º12'N 145º04'W Sockeye 595 1.3  1999? 60º13'N 144º43'W NA NA NA NA 

Softuk Bar, 
Copper 
River 
district, 
Alaska 

6 MM3661 - NA3661 -   7/4/09 56º30'N 179º00'W Sockeye 592 1.3   8/3/09 58º10'N 162º05'E NA NA 550 NA Karaginsky 
Bay, Russia 
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Fig. 1. Temperature (red line) and depth (blue line) recorded in the LTD archival tag (#7495) on chum salmon released in the eastern Bering Sea (53º05'N, 
170º22'W) on June 27, 2004 and recovered in the Kamchatka on September 4, 2004. 
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ABSTRACT: This bibliography listed original papers and documents published in 2012-2014 
by Japanese scientists and their collaborators in order to review Japanese national researches 
for the 2011-2015 NPAFC Science Plan. The bibliography includes 39 articles with abstracts, 
corresponding to five research components of the NPAFC Science Plan. 
 
 

BACKGROUND 
In 2010, the Science Sub-Committee (SSC) of the North Pacific Anadromous Fish 

Commission (NPAFC) developed a new five-year Science Plan (2011-2015) (Anonymous 
2010). The SSC identified an overarching research theme “Forecast of Pacific Salmon 
Production in the Ocean Ecosystems under Changing Climate” and five research components: 
1) Migration and survival mechanisms of juvenile salmon in the ocean ecosystems; 2) 
Climate impacts on Pacific salmon production in the Bering Sea (BASIS) and adjacent 
waters; 3) Winter survival of Pacific salmon in the North Pacific Ocean; 4) Biological 
monitoring of key salmon populations; and 5) Development and application of stock 
identification methods and models for management of Pacific salmon.  

The national research plan by Japan was established in March 2011 to correspond to the 
new NPAFC Science Plan (Fisheries Agency of Japan 2011). The primary goal is to 
accomplish sustainable salmon fisheries with the conservation of wild and hatchery stocks in 
the North Pacific ecosystems. To review Japanese national researches for the NPAFC Science 
Plan, the previous bibliography listed original papers and documents published in 2010-2011 
and 2011-2012 by Japanese scientists and/or their collaborators (Sato et al. 2011, 2012). The 
current issue supplemented 39 articles published in 2012-2014. The bibliography includes 
abstracts for all articles. 
 
 
Anonymous. 2010. North Pacific Anadromous Fish Commission Science Plan 2011-2015. 

NPAFC Doc. 1255. 34 pp. (Available at www.npafc.org). 
Fisheries Agency of Japan.  2011.  Japanese salmon research under the NPAFC Science Plan 

2011-2015. NPAFC Doc. 1311. 3 pp. (Available at www.npafc.org). 
Sato, S., T. Nagasawa, and S. Urawa. 2011. Japanese bibliography in 2010-2011 for NPAFC 

Science Plan. NPAFC Doc. 1346. 14 pp. (Available at www.npafc.org). 
Sato, S., T. Nagasawa, and S. Urawa. 2012. Japanese bibliography in 2011-2012 for NPAFC 

Science Plan. NPAFC Doc. 1417. 16 pp. (Available at www.npafc.org). 
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BIBLIOGRAPHY 
 
Component 1: Migration and Survival Mechanisms of Juvenile 
Salmon in the Ocean Ecosystems 
 
Hasegawa, K., and S. Takahashi. 2013. Microscale environments along the seaward 
migration route of stocked chum salmon fry. Transactions of the American Fisheries 
Society 142 (5): 1232-1237. 

The microscale environment (e.g., current velocity) along the migratory route of aquatic 
organisms may directly affect their performance (e.g., migration speed or survival). We used 
minnow traps to evaluate how stocked Chum Salmon Oncorhynchus keta fry use stream 
velocity to optimize seaward migration. We found that fry were primarily captured at night 
and the number of fry collected was higher in traps with faster velocity water at the entrance 
to the trap. We interpreted this to mean that the fry were optimizing their migration efficiency 
by using faster velocity areas, which promote more rapid downstream migration. 

 
Hasegawa, K., T. Sato, and K. Sasaki. 2013. Distinguishing local growth from 
immigration-based size shifts for juvenile chum salmon communities in coastal 
Hokkaido, northern Japan. Fisheries Science 79 (4): 611-616. 

The body size of juvenile fish is often used as an index of growth rate, which in turn is 
influenced by local habitat conditions. We evaluated the size and origin of juvenile Chum 
salmon Oncorhynchus keta in the coastal areas of three regions (Atsuta, Shari, and 
Konbumori) of Hokkaido, northern Japan. The origin of the individuals in these communities 
differed between Konbumori and the other two regions. The former contained juveniles that 
originated from both the nearest stocked river and other rivers that were outside the area of 
interest. Conversely, the communities in Atsuta and Shari consisted exclusively of fish from 
the nearest stocked river. Moreover, the juveniles in Konbumori were larger than those in 
Atsuta and Shari. The results of our otolith analysis suggest that the larger size of the fish in 
Konbumori was due to the immigration of large individuals from natal rivers at distant 
locations. Thus, immigrants were likely to enlarge their body size composition in the area of 
interest. In summary, if the distance from a natal river is adjusted and daily growth is taken 
into account, body size can be used as an indicator of growth performance in coastal juvenile 
chum salmon. 
 
Kasugai, K., K. Takeuchi, Y. Miyakoshi, and M. Nagata. 2014. Estimation of number of 
downstream migrating chum salmon fry in the Nishibetsu River in 2006. Scientific 
Reports of Hokkaido Fisheries Research Institute 85: 37-40 (In Japanese with English 
abstract). 
  Marked chum salmon Oncorhynchus keta fry (n = 104,200) with a clipped right pelvic fin 
were released in the upper reaches on 28 April, and were recaptured with a rotary screw trap 
in the lower reaches of the Nishibetsu River, eastern Hokkaido, northern Japan in 2006. A 
total of 23 marked fish were recaptured between 5 and 26 days after release. To assess the trap 
efficiency, chum salmon fry clipped upper the lobe of the caudal fin (n = 5,970) were released 
at 2 km upper the trap, and seven fish were recaptured; trap efficiency was estimated at 0.13%. 
Right pelvic fin clipped chum salmon fry that passed the trap site were estimated at 17,167; 
the rate of recaptured fish against released fish was estimated at 16.5%. 
 
Kasugai, K., M. Torao, M. Nagata and J. R. Irvine. 2013. The relationship between 
migration speed and release date for chum salmon Oncorhynchus keta fry exiting a 
110-km northern Japanese river. Fisheries Science 79 (4): 569-577. 
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The relationship between release date and migration speed was examined for hatchery 
chum salmon Oncorhynchus keta fry exiting the Nishibetsu River in eastern Hokkaido, 
northern Japan so that future releases might be scheduled so that fry arrive at the ocean during 
periods favoring high survival. Separate marked groups of chum salmon released in early 
April, mid-April, and early May in 2008, late March and mid-April in 2009, and mid-April in 
2010 were recaptured with a rotary screw trap 12 km above the river mouth. Chum salmon in 
later release groups tended to migrate downstream faster than fish in earlier release groups. 
Those released after mid-April arrived in the lower river on average 9 days after release, 
while those released before mid-April arrived on average 26-28 days after release. Most 
marked fish arrived in the lower river during late April to mid-May. These results suggest that 
chum salmon are adapted to adjust their migratory speed so as to arrive at the ocean during a 
relatively discrete period, presumably during a time of high productivity favoring good 
survival. 

 
Miyakoshi, Y., M. Nagata, D. Ando, M. Fujiwara, and T. Aoyama. 2013. Fish predators 
of juvenile chum and pink salmon in coastal waters of Abashiri region, eastern 
Hokkaido. Scientific Reports of Hokkaido Fisheries Research Institute 83: 41-44 (In 
Japanese with English abstract). 

Stomach contents of fish captured by gillnet, angling, and trawl in the coastal waters of 
Abashiri region were examined for the presence of juvenile chum salmon Oncorhynchus keta 
or pink salmon O. gorbuscha in May-June 2003-2005. The following 4 species were 
recognized as fish predators of juvenile chum and pink salmon in the coastal waters of 
Abashiri region; masu salmon O. masou, pointhead flounder Hippoglossoides pinetorum, 
kurosoi rockfish Sebastes schlegelii, and saffron cod Eleginus gracilis. In a review paper 
(Nagasawa, 1998), 9 species were listed as fish predators of chum salmon in Japanese coastal 
waters, but the latest 3 species were not included. In this paper, we newly add the 3 species, 
i.e. pointhead flounder, kurosoi rockfish, and saffron cod, as fish predators of juvenile chum 
or pink salmon. 
 
Miyakoshi, Y., D. Ando, M. Fujiwara, H. Hayano, and M. Nagata. 2012. Downstream 
migration of chum salmon released in the Abashiri River. Scientific Reports of Hokkaido 
Fisheries Research Institute 82: 19-26 (In Japanese with English abstract). 

To investigate the downstream migration of chum salmon Oncorhynchus keta in the 
Abashiri River, eastern Hokkaido, three groups of otolith-marked juveniles were released and 
sampled using cast nets in the lower reach of the river in 2004 and 2005. Marked chum 
salmon were recaptured within 2 weeks of release, and thereafter the numbers of fish 
recaptured quickly decreased. Our study indicates that most of chum salmon juveniles (over 
0.8g in weight) released in the Abashiri River in May migrated seaward immediately after 
release. Only a few of the marked fish released at the end of May were recaptured and the 
river water temperature exceeded 20 °C in mid-June, indicating the survival of chum salmon 
released at that timing would be low unless they migrate immediately after release. The 
release timing in each river should be considered by examining the river and coastal water 
temperature around the release timing. 

 
Mizuno, S., H. Urabe, T. Aoyama, H. Omori, A. Iijima, K. Kasugai, M. Torao, N. Misaka, 
N. Koide, and H. Ueda. 2012. Changes in activity and transcript level of liver and gill 
metabolic enzymes during smoltification in wild and hatchery-reared masu salmon 
(Oncorhynchus masou). Aquaculture 362: 109-120. 

It is important for the success of the masu salmon, Oncorhynchus masou, stock 
enhancement program in Hokkaido (northern Japan) to demonstrate physiological problems in 
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hatchery-reared (hatchery) smolt for artificial release. The present study examined changes in 
liver and gill metabolic parameters in wild and hatchery masu salmon during smoltification 
and elucidated differences in hepatic and gill metabolism between wild and hatchery fish. As 
reference to freshwater-adapted wild and hatchery smolt in this study, metabolic parameters of 
coastal smolt were studied. Yearling wild and hatchery smolting fish were collected from the 
Ken-ichi River and the Donan Research Branch, which used Ken-ichi river water for fish 
culture, at the same time every month from March through May 2008. Coastal smolts were 
caught from Nemuro Bay of Hokkaido in June. Decreased hepatic glycogen content during 
smoltification, which was observed in wild fish and revealed activation of glycogenolysis, 
was not found in hatchery fish. Hatchery fish demonstrated a positive change in hepatic ATP 
content during smoltification, while wild fish showed negative change in the content, which 
reflected activated consumption of hepatic ATP stores during smoltification. Increases in gill 
pyruvate kinase activity during smoltification, which were found in wild fish and indicated 
activation of glycolysis, were not detected in hatchery fish. There was a difference in 
increased timing of hepatic citrate synthase activity during smoltification between hatchery 
and wild fish. Increased gill citrate synthase activity during smoltification, which was 
observed in wild fish and reflected enhancement of the citric acid cycle, was not found in 
hatchery fish. Hatchery smolt revealed lower liver cytochrome c oxidase activity and 
transcript levels of some respiratory chain enzymes compared to wild smolt in May, which 
suggested lower respiratory chain capacity in hatchery fish at mid-smolt stage. On the other 
hand, there were no remarkable differences in hepatic and gill 3-hydroxyacyl-coenzyme A 
dehydrogenase related to lipolysis and creatine kinase activities, which operate in resolution 
of creatine phosphate, during smoltification between hatchery and wild fish. These results 
suggested hatchery masu salmon had some metabolic problems with carbohydrate metabolism, 
the citric acid cycle, and the respiratory chain. Our study will give valuable information to 
improve physiological quality of hatchery smolt for artificial release. 
 
Saito, T., K. Watanabe, K. Sasaki, and F. Takahashi. 2013. The dispersal pattern of 
juvenile chum salmon in the Pacific ocean off the coast of Hokkaido, Japan. NPAFC 
Technical Report 9: 21-22. 

Coastal residency of juvenile chum salmon, Oncorhynchus keta, is thought to be the period 
that mass mortality takes place, which often influences their brood-year strength. Predation 
and/or oceanic conditions may be the main factors generating mortality, but detailed mortality 
processes are still unclear. Their widespread dispersal after sea entry and, if juvenile salmon 
were captured in the sea, unknown origin of the fish have impeded us from further 
understanding the mortality processes. Otolith thermal marking is a useful tool for judging the 
origin of juvenile salmon after their release. In eastern Hokkaido, otolith-marked juvenile 
chum salmon have been released into two rivers, the Kushiro River and the Tokachi River, 
since 2003 and 2005, respectively. Every year, these fish are recaptured in juvenile salmon 
surveys carried out in coastal waters near the Shiraoi and Konbumori coasts more than 300 
km apart. The recapture of marked fish revealed that juvenile salmon out-migrating from 
rivers in eastern Hokkaido extend their coastal distribution toward the west to near the Shiraoi, 
which is the opposite direction of their migration route to what was expected. Comparing the 
otolith-marked juveniles that had the same origins (i.e., Kushiro or Tokachi river stocks) but 
that were recaptured in the two distant coastal areas (i.e., Shiraoi or Konbumori) would 
provide a new insight on the dispersal pattern of juvenile salmon during early ocean life and 
its consequences. In this study, we examine recapture data of otolith-marked juvenile chum 
salmon collected in coastal waters of the Shiraoi and Konbumori coasts in May-July of 
2005-2010. In particular, the timing and body size at sea entry of chum salmon are 
individually estimated by their otolith daily growth increments. Based on these analyses, we 
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will demonstrate how the difference in migration history, such as timing and size at sea entry, 
affects their dispersal locations and discuss inter-annual variability in dispersal patterns. 
 
Sasaki, K., K. Watanabe, F. Takahashi, and T. Saito. 2013. Coastal residence of 
juvenile chum salmon and their adult returns to the Ishikari River, Hokkaido.  
NPAFC Technical Report 9: 216. 

Recent numbers of chum salmon returning to the Sea of Japan (SJ) region of Hokkaido 
fluctuate at low levels, as compared with those in other regions of Hokkaido. The Ishikari 
River stock is one of the largest stocks in the SJ region: approximately 30 million 
otolith-marked chum salmon juveniles are annually released from the Chitose Hatchery. To 
improve adult returns in the SJ region, an effective strategy is needed for recovering salmon 
stocks in the region. Early marine residence is considered a critical period for juvenile salmon 
survival. Identifying factors that affect juvenile survival during coastal residence is essential 
to improve the techniques of salmon propagation for better survival of released fish. In this 
study, we analyzed data from surface trawl surveys of juvenile chum salmon conducted at 
Atsuta, in the coastal area of the Ishikari River, in March-July of 2003-2008. We found that 
catch per unit of effort of otolith-marked juveniles was positively correlated with the return 
rates of adult salmon to the Ishikari River. This suggested that the abundance of marked fish 
recaptured at Atsuta was an indicator of survival during their early marine residence. Based 
on the results of these surveys, we will discuss factors affecting the survival of juvenile chum 
salmon, such as juvenile growth and environmental conditions. 
 
Sato, T., K. Sasaki, M. Takahashi, and T. Nagasawa. 2013. Interannual variation in 
prey resources during the early ocean life of juvenile chum salmon in four coastal 
areas around Hokkaido, northern Japan. NPAFC Technical Report 9: 91. 

The early ocean life of juvenile chum salmon is a critical phase in their life history. It is 
thought that high mortality occurs in this initial phase, which may be an important 
determinant of subsequent salmon population size. Previous studies suggested the survival of 
juvenile chum salmon is affected by both physical factors (e.g., temperature) and biological 
factors (e.g., prey environment). The state of the prey environment, such as zooplankton 
abundance and species composition, is important for the growth and survival of juvenile chum 
salmon during their early ocean life. In order to evaluate the prey environment during the 
early ocean life of juvenile chum salmon in the period between March and July, 1998-2010, 
we sampled zooplankton in four coastal areas: Atsuta along the Japan Sea coast, Shiraoi along 
the western Pacific coast, Konbumori along the eastern Pacific coast, and Shari along the 
Okhotsk Sea coast of Hokkaido. Zooplankton samples were collected with vertical tows by a 
NORPAC net (0.45 m mouth diameter, 0.33 mm mesh) during daytime. In addition, we 
examined the stomach contents of juvenile chum salmon caught by tow nets in each coastal 
area. Zooplankton commonly observed in all survey areas were hydrozoans, cladocerans, 
copepods, euphausiids, chaetognaths and appendicularians, and occasionally included 
meroplanktonic larvae (organisms that are planktonic for only a part of their life cycle) such 
as gastropods, polychaetes, decapods and echinoderms. Trends in interannual variation of 
zooplankton abundance and species composition were different among the coastal areas. We 
will identify the main prey organisms of juvenile chum salmon in each coastal area and 
evaluate how fluctuations in their abundance affect juvenile chum salmon during their early 
ocean life. 
 
Urawa, S. 2013. Control of the parasitic flagellate Ichthyobodo salmonis, a 
causative agent of marine mortalities of juvenile chum salmon. NPAFC Technical 
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Report 9: 214-215. 
Survival of juvenile salmon in the ocean is affected by various factors including diseases 

caused by infectious organisms. Ichthyobodo salmonis is an ectoparasitic flagellate infecting 
the skin and gills of salmonid fishes, such as chum salmon and Atlantic salmon. Infection 
experiments have indicated that heavy parasite infections cause severe erosion in the skin 
epidermis of juvenile chum salmon, resulting in high mortality of anadromous hosts due to 
osmoregulatory failure when they migrate into the coastal ocean. The parasite infections 
commonly occur at salmon hatcheries. A bath with dilute formalin solution is the most 
effective way to treat infected fish. In Japan, however, the use of formalin for hatchery fish is 
restricted since revision of the Pharmaceutical Affairs Law in 2003. Alternative effective 
treatment methods are currently not available for hatchery salmon, and some hatchery 
managers believe that the recent decrease of chum salmon returns in Japan might be partly 
caused by parasite infections. The present study aimed to develop a safe method to control I. 
salmonis infections of juvenile chum salmon. Various concentrations of salt and vinegar 
solutions were tested on juvenile chum salmon heavily infected with I. salmonis. A 10-min 
bath with a high concentration (5%) of salt water decreased the parasite density, but it also 
had a high risk of killing the juvenile fish because the parasite infections reduced the fish’s 
tolerance to salt water. When I. salmonis is attached to anadromous salmon it can survive in 
sea water, so low concentrations of salt water were not effective to control the parasite 
infections. A bath containing 0.4-1.0% corn vinegar could control the parasite, but exposure 
to a 1% corn vinegar (pH 3.9) bath over 15 minutes weakened or killed the treated fish. The 
present treatment study suggested that exposure to a one-hour bath with a low concentration 
(0.4%, pH 4.5) of corn vinegar is a safe method to control I. salmonis infections on juvenile 
chum salmon at hatcheries. 
 
 
Component 2: Climate Impacts of Pacific Salmon Production in the 
Bering Sea (BASIS) and Adjacent Waters 
 
Kaga, T., S. Sato, T. Azumaya, N. D. Davis, and M. Fukuwaka. 2013. Lipid content of 
chum salmon Oncorhynchus keta affected by pink salmon O. gorbuscha abundance in 
the central Bering Sea. Marine Ecology Progress Series 478: 211-221. 

To assess effects of intra- and inter-specific interactions on chum salmon in the central 
Bering Sea, chum salmon lipid content was analyzed as a proxy for body condition. We 
measured the lipid contents of 466 immature individuals collected during summer from 2002 
to 2007. Individual variation in log-transformed lipid content was tested using multiple 
regression analysis with biological and environmental variables. A regression model that 
included chum salmon fork length and pink salmon CPUE (number of fish caught per 1500 m 
of gillnet) was the most effective in describing variation in lipid content. Path analysis showed 
that the negative effect of pink salmon CPUE was stronger than the effect of chum salmon 
CPUE on chum salmon lipid content. Stomach content analysis of 283 chum salmon indicated 
non-crustacean zooplankton (appendicularian, chaetognath, cnidarian, ctenophore, polychaete, 
and pteropod) was higher under conditions of high pink salmon CPUE. Increased 
consumption of non-crustacean zooplankton containing a low lipid level could lower the lipid 
content of chum salmon. Thus, chum salmon lipid content could be affected directly by their 
shift in prey items and indirectly by interspecific competition with pink salmon. 
 
Ohwada, M., K. Sakaoka, N. Hoshi, T. Abe, K. Imai, and S. Takagi. 2014. Results of 2013 
salmon research by the Oshoro-maru. NPAFC Doc. 1514. 11 pp.  

In order to accumulate oceanographic and biological data (including salmonids) and to 
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clarify the oceanic structure and marine ecosystem, the T/V Oshoro maru conducted 
oceanographic observations and fishing surveys in the western North Pacific (along the 155°E 
longitude line) and Bering Sea. The survey was conducted during the Cruise #254 in May, 
and the Cruise #255 in June 2013. Six oceanographic observations and three drift gillnet 
surveys were conducted along the 155°E during the Cruise #254 in May. The Polar Front was 
observed in the vicinity of 43°N which were similar to the location in previous years. A total 
of 673 salmonids was caught by gillnet surveys, including 95 chum and 573 pink salmon. 
Pink salmon was dominant species at 43°-14’N and 42°-56’N. Chum salmon was abundant at 
44°-20’N. The fork lengths (F.L.) of chum salmon collected by C-gear gillnet ranged between 
484-608 mm F.L., and those of pink salmon ranged between 375-524 mm F.L.. All chum 
salmon caught along 155°E were mature fish. To collect salmonid samples extensively and to 
collect fresh salmon blood and various tissues, two surface long-line and four hook-and-line 
gear samplings were conducted during the Cruise #254. One sockeye, five chum and 297 pink 
salmon were collected. During the Cruise #255-Leg1, three hook-and-line gear samplings 
were conducted. A total of nine sockeye and 11 chum salmon were collected in south of the 
Bering Sea. 
 
Ohwada, M., K. Sakaoka, N. Hoshi, T. Abe, K. Imai, and S. Takagi. 2013. Results of 2012 
Salmon Research by the Oshoro-maru. NPAFC Doc. 1461. 18 pp.  

In order to accumulate oceanographic and biological data (including salmonids) and to 
clarify the oceanic structure and marine ecosystem, the T/V Oshoro maru conducted 
oceanographic observations and fishing surveys in the western North Pacific (along the 155°E 
longitude line) and eastern North Pacific (along the 150°W longitude line). The survey was 
conducted during the Cruise #242 in May, and the Cruise #243-Leg2 July 2012. Nine 
oceanographic observations and three drift gillnet surveys were conducted along the 155°E 
during the Cruise #242 in May. The Polar Front was observed in the vicinity of 43°N. The 
Subarctic Boundary observed in surface (0-100 db) at nearby 39°-30’N. Pink salmon was 
dominant species at 43°-16.0’N and 42°-57.4’N. Chum salmon was collected at 43°-16.0’N 
and 42°-57.4’N. A few salmon were caught at 39°-25.2’N. The fork lengths (F.L.) of chum 
salmon collected by C-gear gillnet ranged between 420-640 mm, and those of pink salmon 
ranged between 300-510 mm, 86.9% of chum salmon were adult fish. A total of 64 Chum and 
690 Pink salmon were collected. Seven oceanographic observations and three drift gillnet 
surveys were conducted along the 150°W during the Cruise #243-Leg2 in July. Seasonal 
thermal stratification observed until 100 db, thereunder Alaskan gyre were observed in the 
vicinity of 51°N. At 42°-49.9’N, no salmons collected, but at other two stations total of 14 
Sockeye, 38 Chum, four Pink, 10 Coho salmon and one Steelhead were collected by C-gear 
gillnet. F.L. of Chum salmon ranged between 360-550 mm, 5.3% of chum salmon were adult 
fish. F.L. of Coho salmon ranged between 490-660 mm, and all Coho salmon were adult fish. 
F.L. of Sockeye salmon ranged between 330-600 mm, 21.4% of Sockeye salmon were adult 
fish. To collect salmon samples extensively and to collect fresh salmon blood and various 
tissues, two surface long-line and three hook-and-line gear samplings were conducted during 
the Cruise #242 and #243-Leg2. 

 
Sato, S., T. Sato, T. Ohkubo, S. Nakamura, and M. Kagaya. 2014. The summer 2013 
Japanese salmon research cruise of the R/V Hokko maru. NPAFC Doc. 1518. 18 pp.  

A summer high-seas research cruise to investigate the biology of Pacific salmon was 
conducted from July 20 to August 10 in the Bering Sea aboard the Japanese research vessel 
Hokko maru. Research cruise activities included the collection of data on oceanography, 
zooplankton, micronekton, salmonids, and other organisms. In addition, seawater samples 
were collected for environmental DNA analysis. A total of 3,443 salmonids were caught by 

7 
 



trawls and angling. Chum salmon was the most abundant species (87.5%), followed by 
sockeye salmon (8.9%), Chinook salmon (3.5%), coho salmon (0.09%), and pink salmon 
(0.06%). Salmonids were measured with respect to fork length and body and gonad weights 
by sex, and the scales were removed for age determination. Isotope, genetic, otolith, stomach, 
muscle of chum and Chinook salmon, brain and pituitary of chum and sockeye salmon, and 
seawater samples were obtained for future study. There were 116 chum salmon and one 
sockeye salmon tagged with disk tags and released in the Bering Sea. Among tagged fish, 19 
small and seven large chum salmon were released with DST micro and DST magnetic tags, 
respectively. Age-specific catch per a surface trawl (CPUE), scale mass index of chum 
salmon from at 17 fixed sampling stations from 2007 to 2013, and estimated stock 
composition and abundance of chum salmon in 2013 are documented in this report. 
 
Sato, S., T. Sato, K. Ohmoto, and F. Takahashi. 2012. The summer 2012 Japanese salmon 
research cruise of the R/V Hokko maru. NPAFC Doc. 1419. 14 pp. 

A summer high-seas research cruise to investigate the biology of Pacific salmon was 
conducted from July 20 to August 9 in the Bering Sea aboard the Japanese research vessel 
Hokko maru. Research cruise activities included the collection of data on oceanography, 
zooplankton, micronekton, salmonid fishes, and other organisms. A total of 3,694 salmonids 
were caught by trawls and angling. Chum salmon was the most abundant species (91.4%), 
followed by sockeye salmon (5.4%), Chinook salmon (3.1%), pink salmon (0.1%), and coho 
salmon (0.05%). Salmonids were measured with respect to fork length and body and gonad 
weights, they were sexed, and the scales were removed for age determination. Isotope, genetic, 
otolith, and radioactive monitoring samples were obtained for future study. There were 70 
chum salmon tagged with disk tags and released in the Bering Sea. From among fish released 
with disk-tags, 28 small and 12 large chum salmon were released carrying DST milli-F and 
DST magnetic tags, respectively. Age-specific catch per surface trawl (CPUE) and scale mass 
index of chum salmon from 17 fixed fishing stations from 2007 to 2012 are documented here. 
 
 
Component 3: Winter Survival of Pacific Salmon in the North Pacific 
Ocean Ecosystem 
 
No publication 
 
 
Component 4: Biological Monitoring of Key Salmon Population 
 
Hasegawa, K., K. Morita, Y. Okamoto, and K. Ohkuma. 2013. Comparisons of age and 
size at maturity between wild and hatchery chum salmon Oncorhynchus keta from three 
rivers in Hokkaido. Nippon Suisan Gakkaishi 79 (4): 657-665 (In Japanese with English 
abstract). 

Until recently, it was thought that Japanese populations of chum salmon Oncorhynchus keta 
consisted entirely of hatchery fish. However, the presence of a significant proportion of wild 
fish has now been documented in some populations. To allow for differential management of 
both wild and hatchery salmon, it is important to understand the differences and similarities 
that exist in a number of measurable biological traits. We compared age and body size at 
maturity of wild and hatchery fish collected from three rivers in which the otoliths of all 
hatchery-origin fry were thermally marked. The difference between wild and hatchery fish 
varied among rivers. In one river, wild fish were older and larger than hatchery fish. In the 
second river, there was no difference between hatchery and wild fish, whereas in the third 
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river, the age-related increase in body size of wild fish was smaller than that of hatchery fish. 
 
Hasegawa, K., C. Yamazaki, K. Ohkuma, and M. Ban. 2012. Evidence that an 
ontogenetic niche shift by native masu salmon facilitates invasion by nonnative brown 
trout. Biological Invasions 14 (10): 2049-2056. 

The mechanisms underlying successful invasions by a competitively subordinate species 
are poorly understood. In Japan, nonnative brown trout Salmo trutta L. have successfully 
invaded a number of streams that contain native masu salmon Oncorhynchus masou Brevoort, 
even though young of the year (YOY) brown trout are thought to be competitively 
subordinate to YOY masu salmon because of their smaller body size due to later emergence 
time. We conducted a laboratory experiment and field observations to evaluate whether 
ontogenetic habitat shifts could explain the success of brown trout. In a laboratory experiment, 
smaller YOY brown trout were competitively inferior to YOY masu salmon. Our field 
observations suggest that YOY masu salmon shift to deeper and faster velocity habitat before 
the emergence of brown trout fry. Thus, there is separation of habitat use between the two 
species. Taken together, our results suggest an ontogenetic niche shift by competitively 
dominant native masu salmon may reduce niche overlap and the opportunity for competitive 
interactions, and thus facilitate invasion by a nonnative brown trout. 
 
Hatakeyama, M., N. Misaka, S. Mizuno, and N. Koide. 2013. Genotyping of 
Flavobacterium psychrophilum isolated from Chum Salmon Oncorhynchus keta in 
Hokkaido, Japan. Fish Pathology 48 (4): 135-138. 

We examined matured female chum salmon Oncorhynchus keta returning to a river, at a 
hatchery three times a year between 2006 and 2008, and chum salmon fry suffering from 
bacterial coldwater disease at the same hatchery in 2008 for Flavobacterium psychrophilum 
isolation. The isolates were genotyped by plasmid and RAPD analyses. In adults, the 
frequency distribution of genotypes varied among different years but was seemingly similar 
among different sampling opportunities within the same years. The RAPD genotype of the 
isolates from fry was one of major genotypes isolated from their parental group, which 
suggests vertical transmission of the bacterium. 
 
Koshino, Y., H. Kudo, and M. Kaeriyama. 2013. Stable isotope evidence indicates the 
incorporation into Japanese catchments of marine-derived nutrients transported by 
spawning Pacific Salmon. Freshwater Biology 58 (9): 1864-1877. 
1. Pacific salmon (Oncorhynchus spp.) transport marine-derived nutrients (MDN) and organic 

matter to freshwater ecosystems, which enhances the productivity of North Pacific 
ecosystems. Relatively few studies, however, have evaluated the MDN subsidy to both the 
aquatic system and the terrestrial catchment simultaneously. Using stable isotope analysis, 
we tested how the dynamics of MDN differed between the river and adjacent riparian forest 
in rivers of the Shiretoko World Natural Heritage Site in eastern Hokkaido (Japan). In 
addition, we accounted for temporal and spatial variations in the stable isotope signatures 
of freshwater organisms due to the presence or absence of spawning salmon. 

2. We analyzed carbon and nitrogen stable isotopes (C-13 and N-15) of biofilm, invertebrates, 
fish, riparian plants and brown bear (Ursus arctos) in the Rusha River during the 
pre-spawning and spawning periods and in the Akai River (where there are no salmon). 
Willow leaves were collected along the 50-m transects to evaluate how far MDN are 
incorporated within the riparian area. We counted the number of pink salmon (O. 
gorbuscha) carcasses in riparian areas and categorized their mode of transport. In addition, 
we examined the stomach contents of Dolly Varden (Salvelinus malma). 

3. The C-13 and N-15 of aquatic organisms increased by 1-4 parts per thousand and 1-6 parts 
9 

 



per thousand, respectively, with the arrival of salmon spawners. Aquatic organisms 
incorporated 23% of their nitrogen from salmon (range: 7-46%). The diet of Dolly Varden 
switched from aquatic invertebrates to salmon eggs during the salmon spawning run. 

4. More salmon carcasses were transported from the stream to riparian areas by flooding than 
by brown bears. The C-13 and N-15 of blowflies (Calliphora spp.) and brown bears 
increased significantly during the spawning run. Riparian vegetation, with the exception of 
Manchurian alder (Alnus hirsuta), incorporated 25% of its nitrogen from salmon. The N-15 
values of riparian willow (Salix spp.) were correlated negatively with distance from the 
stream. 

5. The proportion of MDN incorporated in the freshwater biota was lower than that reported 
for North American rivers, potentially due to the influence of dams and modification of the 
river environment in this Japanese example. The riparian forest incorporated a relatively 
high fraction of MDN, however, mainly due to the transport of salmon carcasses from the 
channel by brown bears and, particularly, flooding. The dynamics of salmon-derived 
nutrients thus differed between river and adjacent riparian zones. These results suggested 
the importance of linkages between freshwater and riparian ecosystems for the extent of the 
marine nutrient subsidy. 

 
Misaka, N., M. Hatakeyama, N. Koide, and K. Suzuki. 2013. The variation in virulence 
among Flavobacterium psychrophilum strains isolated from chum salmon Oncorhynchus 
keta. Fish Pathology 48 (1): 17-20.   

We investigated virulence and elastin-degrading activity in ten strains of Flavobacterium 
psychrophilum isolated from chum salmon Oncorhynchus keta in Hokkaido, Japan through 
2004 to 2006. Intraperitoneal injection of these strains to chum salmon fry revealed that 50% 
lethal doses (LD50) of the strains were from 2.6 x 105 to 4.7 x 107 CFU/g. No clear 
relationship between elastin-degrading activity and virulence in these strains was found. 
These results indicate that the virulence of F. psychrophilum isolated from chum salmon 
varies considerably among strains, and is not clearly related to elastin-degrading activity. 
 
Miyakoshi, Y. 2014. Age-9 chum salmon caught in eastern Hokkaido. Scientific Reports 
of Hokkaido Fisheries Research Institute 85: 33-35 (In Japanese with English abstract). 
  Chum salmon Oncorhynchus keta usually mature at two to six years of age (i.e., age 0.1-0.5 
in the European system), and recently the existence of age-7 and age-8 chum salmon has been 
reported. For management of fisheries and enhancement of this species, the Salmon and 
Freshwater Fisheries Research Institute examines the age of chum salmon returned to rivers 
and coastal areas of Hokkaido. An age-9 chum salmon was found in fish caught in the set-net 
fishery in the Utoro area, eastern Hokkaido, on 12 September 2012. The fish was male, and 
scales were only sampled but the body size was not measured. From the scale length, fork 
length of the fish was estimated at 67.5 cm (95% confidence interval: 66.8-68.2 cm). This is 
the first record of age-9 (age 0.8) chum salmon in Japan. 
 
Miyakoshi, Y., M. Nagata, S. Kitada, and M. Kaeriyama. 2013. Historical and current 
hatchery programs and management of chum salmon in Hokkaido, northern Japan. 
Reviews in Fisheries Science 21 (3-4): 469-479. 

The hatchery program for chum salmon in Hokkaido, northern Japan, constitutes one of the 
largest salmon hatchery programs in the world. The hatchery program has been conducted for 
over 120years, and returns of chum salmon rapidly increased during the last quarter of the 
20th century. Since the 1990s, chum salmon returns to Hokkaido have remained at a 
historically high level, although different fluctuation trends have been observed among 
regions within Hokkaido. Although such intensive hatchery programs have been conducted 
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for more than 25 generations, there has been no evidence indicating any decline of genetic 
diversity. The hatchery program for chum salmon in Hokkaido is successful in increasing 
commercial catches and will likely be the main management tool in future. However, 
information on naturally spawning chum salmon in Hokkaido remains scarce. Assessment of 
naturally spawning populations recently commenced, and it has been revealed that naturally 
spawning chum salmon populations remain in many rivers in Hokkaido. For future 
management, monitoring chum salmon of both hatchery and natural origin is important, and a 
novel strategy that accounts for the enhancement of commercial stocks and the coexistence of 
hatchery programs and wild populations should be established in Japan. 

 
Miyakoshi, Y., D. Ando, M. Fujiwara, M. Torao, H. Hayano, and H. Urabe. 2013. 
Characteristics of body size of chum salmon returning to Okhotsk rivers in Hokkaido. 
Scientific Reports of Hokkaido Fisheries Research Institute 84: 21-29 (In Japanese with 
English abstract). 

Fork length, body weight, and age of chum salmon Oncorhynchus keta returning to 7 rivers 
in the Okhotsk Sea region were measured, 2010-2012. Mean fork lengths of chum salmon 
were larger in the western region than those in the central or the eastern regions. Also, in 
many rivers, fork lengths were different among run timings; larger for fish captured in earlier 
timing (August and September) and smaller for fish captured in the later timing (November 
and December). When fork lengths of chum salmon of the same ages (age-4 and age-5) 
captured in October were compared, the difference of fork lengths among rivers was smaller, 
but was significant. In 2012, body sizes of chum salmon returning to Hokkaido were small, 
and the differences of fork lengths among rivers were not significant for all ages and sexes. 
When body sizes of chum salmon returning to rivers were compared, age and run timing 
should be taken into account. 
 
Morita, K., S. Takahashi, K. Ohkuma, and T. Nagasawa. 2013. Estimation of the 
proportion of wild chum salmon Oncorhynchus keta in Japanese hatchery rivers. Nippon 
Suisan Gakkaishi 79 (2): 206-213. 

It is widely assumed that almost all chum salmon Oncorhynchus keta in Japan originate in 
hatcheries, but there are no studies that actually show the contribution of naturally-spawned 
fish (wild fish) to total production. In this study, we estimated the contribution of wild chum 
to the total chum salmon catch in rivers where chum salmon hatcheries are located and 
hatchery-reared chum salmon are released. The catch of wild and hatchery chum salmon was 
estimated at weirs located on eight rivers in Hokkaido, northern Japan, by identifying the ratio 
of otolith thermal-marked hatchery fish and unmarked wild fish. In total, the contribution of 
wild fish to the total catch in these rivers was estimated to be 28.3±1.2% (15.9±0.6% for 
rivers where the percentage of marked fry released was 100%), but the value varied 
considerably among rivers and years (range: 0 to 50%). This study showed that the 
contribution of wild chum salmon is not negligible; rather, it is large enough to constitute 
fishery production. 
 
Morita, K., Y. Hirama, Y. Miyauchi, S. Takahashi, T. Ohnuki, and K. Ohkuma. 2013. 
Efficiency of natural reproduction of chum salmon in the Chitose River, Hokkaido, 
Japan. Nippon Suisan Gakkaishi 79 (4): 718-720 (In Japanese, no abstract). 
 
Saneyoshi, H., Y. Miyakoshi, S. Kudo, and H. Kawamura. 2013. Body size of juveniles 
released and its effect on the return rate of chum salmon in Shokanbetsu River, 
Hokkaido, Japan. Scientific Reports of Hokkaido Fisheries Research Institute 84: 21-29 
(In Japanese with English abstract). 
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To investigate the effect of release size of chum salmon Oncorhynchus keta juvenile on the 
return rate in Shokanbetsu River, northern Hokkaido, small and large body size groups of 
otolith-marked juveniles were released in 1996 and 1997. The mean fork length and body 
weight of small and large size groups at release were 49.0 mm, 0.95 g and 54.0 mm, 1.32 g in 
1996, and were 46.0 mm, 0.77 g and 51.0 mm, 1.09 g in 1997, respectively. The return rates 
were calculated by cumulative numbers of 3-5 age fish returned to Shokanbetsu River from 
1998 to 2001 divided by numbers of fish released. The return rates of small and large size 
groups released in 1996 were 0.105% and 0.097%, and those released in 1997 were 0.109% 
and 0.138%, respectively. These results suggest large body size at release is not always 
effective to increase the return rate of chum salmon. 
 
Ueda, H. 2014. Homing ability and migration success in Pacific salmon: mechanistic 
insights from biotelemetry, endocrinology, and neurophysiology. Marine Ecology 
Progress Series 496: 219-232. 

Salmon have precise abilities to migrate long distances from the ocean to their natal 
streams for reproduction. Using chum salmon Oncorhynchus keta in the North Pacific Ocean 
as well as sockeye salmon O. nerka and masu salmon O. masou in Lake Toya and Lake 
Shikotsu (Hokkaido, Japan), mechanisms of homing ability and migration success were 
investigated using 3 different approaches: biotelemetry studies of behavior, endocrinology 
studies on the brain-pituitary-gonadal (BPG) axis, and neurophysiological studies on olfactory 
function. Physiological biotelemetry techniques were used to compare homing behavior of 
adult chum salmon from the Bering Sea to Hokkaido with lacustrine sockeye and masu 
salmon within Lake Toya, demon strating that salmon can navigate in open water using 
different sensory systems. Hormone profiles in the BPG axis were analyzed in both chum 
salmon and sockeye salmon during their homing migration, and showed that salmon 
gonadotropin-releasing hormone is an important factor facilitating homing during migration. 
The olfactory functions of salmon were investigated using electrophysiological, behavioral, 
and biochemical techniques, suggesting that dissolved free amino acid compositions in natal 
streams are crucial for olfactory imprinting and homing. These topics are discussed in terms 
of mechanisms of homing ability in Pacific salmon with special reference to navigation 
abilities in open water, hormonal controlling mechanisms during homing migration, and 
olfactory discriminating abilities of natal stream odors-all necessary to successfully reach 
spawning grounds. 

 
Ueda, H. 2012. Physiological mechanisms of imprinting and homing migration in Pacific 
salmon Oncorhynchus spp. Journal of Fish Biology 81 (2): 543-558. 

After several years of feeding at sea, salmonids have an amazing ability to migrate long 
distances from the open ocean to their natal stream to spawn. Three different research 
approaches from behavioral to molecular biological studies have been used to elucidate the 
physiological mechanisms underpinning salmonid imprinting and homing migration. The 
study was based on four anadromous Pacific salmon Oncorhynchus spp., pink salmon 
Oncorhynchus gorbuscha, chum salmon Oncorhynchus keta, sockeye salmon Oncorhynchus 
nerka and masu salmon Oncorhynchus masou, migrating from the North Pacific Ocean to the 
coast of Hokkaido, Japan, as well as lacustrine O. nerka and O. masou in Lake Toya, 
Hokkaido, where the lake serves as the model oceanic system. Behavioral studies using 
biotelemetry techniques showed swimming profiles from the Bering Sea to the coast of 
Hokkaido in O. keta as well as homing behaviors of lacustrine O. nerka and O. masou in Lake 
Toya. Endocrinological studies on hormone profiles in the brainpituitary gonad axis of O. keta, 
and lacustrine O. nerka identified the hormonal changes during homing migration. 
Neurophysiological studies revealed crucial roles of olfactory functions on imprinting and 
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homing during downstream and upstream migration, respectively. These findings are 
discussed in relation to the physiological mechanisms of imprinting and homing migration in 
anadromous and lacustrine salmonids. 

 
Qin, Y. X., A. Nagai, H. Kudo, and M. Kaeriyama. 2013. Stable isotope comparison 
between presumably wild and hatchery chum salmon Oncorhynchus keta in the Yurappu 
River, Hokkaido, Japan. Nippon Suisan Gakkaishi 79 (5): 872-874 (In Japanese, no 
abstract). 
 
Yamamoto, T. and S. Kitanishi. 2014. Reduced oceanic growth of growth hormone 
pseudogene-positive female masu salmon Oncorhynchus masou. Journal of Fish Biology 
84 (1): 256-262. 
This study compared the growth rates of female masu salmon Oncorhynchus masou, who 
possessed a male-specific gene marker, the growth hormone pseudogene (GHp), and normal 
females, as estimated from their scale growth. There was a difference between the growth 
rates of GHp-positive females and those of normal females of the same age during the ocean 
period, although their growth rates during the river period were similar. These results suggest 
that GHp-positive salmonid females exhibit male-like characteristics such as reduced feeding 
activity during the ocean period, which depresses their growth. 
 
 
Component 5: Development and Applications of Stock Identification 
Methods and Models for Management of Pacific Salmon 
 
Beacham, T. D., J.C. Candy, S. Sato, and S. Urawa. 2014. Microsatellite identification of 
sockeye salmon rearing in the Bering Sea during 2009-2013. NPAFC Doc. 1511. 18 pp. 

Stock composition of sockeye salmon (Oncorhynchus nerka) caught in the southern central 
Bering Sea during Japanese research cruises in the summers of 2009, 2011, 2012, and 2013 was 
estimated through an analysis of microsatellite variation. Variation at 14 microsatellites was 
analyzed for immature sockeye salmon, and a 404-population baseline spanning Japan, Russia, 
Alaska, Canada, and Washington State was used to determine the stock composition of the fish 
sampled. Alaskan-origin sockeye salmon were the most abundant in the catch, comprising 86.1% 
of all sockeye salmon caught (United States total 86.1%), with the catch dominated by sockeye 
salmon of Bristol Bay origin. Russian-origin salmon accounted for an average of 10.6% of the 
annual catch, while Canadian-origin sockeye salmon accounted for 3.4% of the annual catch. 
 
Beacham, T. D, J.C. Candy, S. Sato, and S. Urawa. 2012. Microsatellite identification of 
sockeye salmon rearing in the Bering Sea 2011. NPAFC Doc. 1389. 9 pp. 

Stock composition of sockeye salmon (Oncorhynchus nerka) caught in the southern central 
Bering Sea during a Japanese research cruise in the summer of 2011 was estimated through an 
analysis of microsatellite variation. Variation at 14 microsatellites was analyzed for 177 
immature sockeye salmon, and a 387-population baseline spanning Japan, Russia, Alaska, 
Canada, and Washington State was used to determine the stock composition of the fish 
sampled. Alaskan-origin sockeye salmon were the most abundant in the catch, comprising 
86.1% of all sockeye salmon caught (United States total 86.7%), with the catch dominated by 
sockeye salmon of Bristol Bay origin. Russian-origin salmon accounted for 12.1% of the 
catch, while Canadian-origin sockeye salmon accounted for 1.2% of the catch. 

 
Nagai, A., A. Yamada, Y. Qin, R. R. Edpalina, H. Kudo, S. Abe, and M. Kaeriyama. 2012. 
Genetic influence of hatchery program on chum salmon (Oncorhynchus keta) 
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populations in the Japan Sea coast, Honshu Island of Japan, inferred from 
mitochondrial DNA sequence variation. Fish Genetics and Breeding Science 42 (1): 
33-40 (In Japanese with English abstract). 

We examined the genetic population structure of chum salmon Oncorhynchus keta in 
Tedori and Gakko Rivers of Japan Sea coast, Honshu Island, using mitochondrial DNA 
(mtDNA) analysis, and evaluated genetic variability and relationships among populations in 
Japan based on previous studies. Tedori and Gakko River populations displayed 5 and 2 
haplotypes of the 481 bp 5’ variable portion of the mtDNA control region, respectively. 
Pairwise FST showed no genetic differentiation between Tedori early population and all 
Hokkaido populations, and between Gakko River November population and all populations in 
Honshu Island except for the early Tedori and Kawabukuro River populations. UPGMA tree 
among chum salmon populations in Japan resulted that Tedori and Gakko River populations 
were closely related with Chitose and Tokachi River populations in Hokkaido Island and 
populations of Pacific coast in Honshu Island, respectively. These results show that a part of 
Tedori and Gakko River chum salmon populations receive gene flow and disturbance 
following artificial transplantation of massive eyed-eggs from other river populations in 
Japan. 
 
Sato, S., K. Hirasawa, and S. Urawa. 2013. Stock origins of juvenile chum salmon 
migrating along the eastern Pacific coast of Hokkaido during early summer. NPAFC 
Technical Report 9: 23-24. 

Origins of juvenile chum salmon migrating along the eastern Pacific coast of Hokkaido 
were estimated by otolith thermal marking and genetic stock identification (GSI) using single 
nucleotide polymorphism (SNP) markers. Surveys were conducted on the Kombumori coast 
(42° 57’N, 144° 31’E) almost weekly from early June to mid July of 2011 and 2012. Fish 
samples were collected from several stations (0.4- 12.0 km from the coast) by a seine net 
towed by two boats. Otolith and tissue samples were collected from each juvenile chum 
salmon after recording fork length (FL) and body weight. Tissue samples were assayed for 45 
SNP loci and their stock contributions (Hokkaido, Pacific coast of Honshu (Honshu-PO), and 
Japan Sea coast of Honshu (Honshu-JS)) were estimated by a conditional maximum 
likelihood algorithm using a SNP baseline dataset from 48 Japanese populations. A total of 
622 and 385 juvenile chum salmon were collected in 2011 and 2012, respectively. The mean 
FL of juvenile chum salmon collected in 2011 (7.7±1.6 cm) was significantly smaller than 
fish collected in 2012 (10.3±1.7 cm). In 2011, otolith marks were detected in 70 out of 622 
juvenile chum salmon. All the otolith-marked juveniles (5.6-11.4 cm in FL) originated from 
hatcheries along the Nemuro Strait and Pacific coast of Hokkaido. In 2012, 43 out of 385 
samples were otolith-marked fish, of which 31 fish (6.3-11.0 cm in FL) were released from 
Hokkaido hatcheries and 12 fish (9.9-12.5 cm in FL) were from Honshu-PO hatcheries. 
GSI-estimated stock composition of small juveniles (less than 10 cm in FL) caught in 2011 
was 96.7% Hokkaido and 3.3% Honshu-PO stocks, and that of large fish (more than 10 cm in 
FL) was 56.9% Hokkaido, 17.7% Honshu-PO, and 25.4% Honshu-JS stocks. In 2012, the 
estimated stock composition was 72.4% Hokkaido, 22.0% Honshu-PO, and 5.6% Honshu-JS 
stocks for small fish, and 32.1% Hokkaido, 60.9% Honshu-PO, and 7.1% Honshu-JS stocks 
for large fish. The results suggest that juvenile chum salmon released from Honshu-PO 
hatcheries migrate along the eastern Pacific coast of Hokkaido between mid-June and early 
July, heading for the Okhotsk Sea. Abundance of 2011 juvenile chum salmon from 
Honshu-PO hatcheries might have been reduced by the March 11, 2011, earthquake and 
tsunami. 

 
Yamada, A., Y. Koshino, H. Kudo, S. Abe, K. Arai, and M. Kaeriyama. 2012. Genetic 
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comparison between odd- and even-year populations of pink salmon Oncorhynchus 
gorbuscha based on mitochondrial DNA analysis. Nippon Suisan Gakkaishi 78 (5): 
973-975 (In Japanese, no abstract). 
 
Yamamoto, S., T. Kurokawa, M. Sekino, M. Yasuike, and K. Saitoh. 2013. Tetra-repeat 
microsatellite markers for the masu salmon (Oncorhynchus masou masou) and its 
application in cross-subspecies. International Journal of Molecular Sciences 14 (11): 
23153-23159. 

We developed tetranucleotide-repeat microsatellite markers for the masu salmon 
(Oncorhynchus masou) complex. 454 pyrosequencing was used to discover repeat motifs, and 
seven polymorphic microsatellite-primer sets were identified. The number of alleles detected 
at each locus ranged from four to 24 and the expected heterozygosity varied from 0.57 to 0.92. 
Cross-subspecies amplification for O. m. masou, O. m. ishikawae and O. m. subsp. was 
successful. These microsatellites can be utilized in studies of genetic structure, genetic 
diversity, and intra- and inter-subspecific hybridization, making a contribution to conservation 
and management of the Oncorhynchus masou complex. 
 
Yoon, M., S. Abe, J. K. Kim, and K. E. Hong. 2013. Population structuring of chum 
salmon, Oncorhynchus keta, populations in far east Asia. NPAFC Technical Report 9: 
144-145. 

As previous investigations have shown, the significant genetic differentiation of chum 
salmon among regions of the Pacific Rim reflects contemporary restrictions on gene flow. 
However, the historical events and processes leading to the genetic structure of chum salmon 
populations in the Northwest Pacific remain unclear. In the present study, microsatellite and 
mitochondrial DNA analyses were used to estimate the genetic structure of chum salmon 
populations in Far East Asia. Our analyses provide differentiation between two regions for 
effective population size, genetic bottleneck signature, and gene flow. Our findings carefully 
suggest that long-term historical events, such as postglacial decolonization from different 
glacial refuges, may influence genetic population structure. Pleistocene ice-ages may have 
considerably influenced not only the historical demographic evidence, glacial population 
extinctions, and interglacial colonization, but also the contemporary populations of 
phylogroups of chum salmon in Far East Asia. 
 
Watanabe, K., K. Morita, and T. Saito. 2013. Verification of the immature ratio at 
age of chum salmon in the Bering Sea and central North Pacific Ocean, 
1971–2010. NPAFC Technical Report 9: 228. 
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The mean age at return of Japanese chum salmon populations, as with other Pacific salmon, 
increased from the 1970s–2000s, which could be associated with variability of the immature 
ratio (IMR) at age. Nominal IMRs calculated from Japanese offshore surveys and returns at 
age given by fishery data will be subject to uncertainty due to biases. To estimate reliable 
annual IMRs of Japanese chum salmon, we evaluated the IMRs at ages 3-4 by using fishery 
independent and fishery dependent data separately: (i) Japanese experimental chum salmon 
survey data (sex, age, gonad weight, and fork length) collected in the Bering Sea and central 
North Pacific Ocean, July-August, 1971–2010, and (ii) Japanese chum salmon return at age. 
For data (i) examined using generalized linear mixed models (GLMM), annual means of male 
and female IMR at age 4 ranged from 0.2–0.8 and 0.1–0.9, respectively, fluctuated in parallel, 
and increased on a long-term basis. For data (ii) investigated by virtual population analysis 
(VPA), the sex–combined IMR at age 4 ranged from 0.1–0.5, i.e., was relatively low 
compared to the GLMM–IMR. All correlations among the VPA– and GLMM–IMRs were 
positive and significant, thereby supporting the reliability of both the types of relative IMR. 
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As a result of testing factors on IMR variability, the growth rate of immature ages 2–3 chum 
salmon and the mean sea surface temperature in the Bering Sea were significant indices 
common to VPA– and GLMM– IMRs. We provide a probable cause whereby the immature 
ratio of age 4 chum is affected mainly by the growth rate of ages 2–3 chum salmon and 
environmental conditions. 
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INCIDENTAL CATCHES OF SALMONIDS 
BY U.S. GROUNDFISH FISHERIES 

IN THE BERING SEA/ALEUTIAN ISLANDS 
AND THE GULF OF ALASKA, 1990-2013 

 
 

ABSTRACT 
 

This report presents the estimated incidental catches and average weights of Pacific salmonids in U.S. 
groundfish fisheries off Alaska from 1977 through 2013. Estimated annual incidental salmon catches (all 
species combined) in 2013, were 143,266 salmon in the Bering Sea/Aleutian Islands (BSAI) and 29,994 
salmon in the Gulf of Alaska (GOA).  
 
Annual estimated numbers of Chinook salmon (Oncorhynchus tshawytscha) incidentally caught in the U.S. 
groundfish fisheries in the BSAI, have ranged from 8,223 (year 2000) to 129,567 (year 2007) and the annual 
average weight has ranged from 2.60 kg in 2011 to 5.21 kg in 1995. Annual estimated numbers of non-
Chinook salmon have ranged from 14,895 in 2010 to 709,387 in 2005. Chum salmon (O. keta) typically 
account for over 95% of the non-Chinook salmon catch. The annual average chum salmon weight has ranged 
from 2.07 kg in 1993 to 3.43 kg in 1995.  
 
In the U.S. groundfish fisheries in the Gulf of Alaska, annual estimated numbers of Chinook salmon 
incidentally caught have ranged from 8,397 in 2009 to 54,559 in 2010 and the annual average weight has 
ranged from 2.01 kg in 2011 to 4.60 kg in 1991. Annual estimated numbers of non-Chinook salmon have 
ranged from 1,257 in 2012 to 64,792 in 1995. Chum salmon typically account for over 95% of the non-
Chinook salmon catch. The annual average chum salmon weight has ranged from 2.16 kg in 1993 to 4.87 kg 
in 1999.  
 
Incidental catches of Pacific salmonids in foreign and joint venture groundfish fisheries off Alaska are 
presented for 1977-1990. The last joint venture operation took place in 1990 in the BSAI, with an incidental 
catch of 152 salmon. 
 
 

INTRODUCTION  
 

Groundfish fisheries in Alaskan waters are conducted primarily by the use of trawl gear that occasionally 
encounters and catches Pacific salmonids. Other gear used to harvest groundfish, longline and pots, generally 
do not catch many salmonids. The incidental catches of salmonids are monitored by the U.S. National Marine 
Fisheries Service (NMFS). Estimates are produced by the NMFS Alaska Regional Office calculated from 
observer data. Total groundfish catch estimates are derived from multiple sources including landing reports, 
observer reports, and production reports.  
 
Historically, the observer program coverage for the groundfish trawl fisheries off Alaska has been 100% for 
the large-sized vessel fleet (greater than 125 ft. length overall) and 30% for the medium-sized vessel fleet (60-
125 ft. length overall).  On January 1, 2013 NMFS issued regulations to implement Amendment 86 to the 
Fishery Management Plan (FMP) of the Bering Sea and Aleutian Islands and Amendment 76 of the Gulf of 
Alaska to restructure the observer program and the deployment of observers.  Observer coverage and 
deployment are no longer based on vessel length and processing capacity; rather, NMFS has the flexibility to 
decide when and where to deploy observers based on a scientifically defensible sampling design.  The design 
of the new program serves to reduce sources of bias that jeopardized the statistical reliability of catch and 
bycatch data collected by the Observer Program.  The final text of the regulations can be found at:  
http://www.fakr.noaa.gov/frules/77fr70062.pdf/. 
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In 2010 NMFS issued regulations to implement Amendment 91 to the Fishery Management Plan for 
Groundfish of the Bering Sea and Aleutian Islands (BSAI) Management Area starting in January 2011. The 
text of Amendment 91 can be found at:  http://alaskafisheries.noaa.gov/frules/75fr53026.pdf. 
 
These regulations are intended to minimize the Chinook salmon (O. tshawytscha) bycatch in the Bering Sea 
(BS) pollock fishery while maintaining potential for full harvest of the catch by establishing a cap on Chinook 
salmon bycatch in the fishery. These regulations increased salmon monitoring requirements to ensure that all 
catches of BS pollock are monitored and required a substantial change in the observer sampling protocol for 
salmon to support the estimation of Chinook salmon bycatch and the collection of samples for genetic stock 
of origin analyses.  
 
All salmon, as well as king and tanner crab and halibut, are classified as prohibited species in the groundfish 
fishery off Alaska and catch of these species must be avoided. Prior to January 2011, regulations required that 
any prohibited species caught must be returned to the sea as soon as is practicable after an observer had 
collected any required data from the species. With the implementation of Amendment 91 in January 2011, 
bycatch of all salmon species in the BS pollock fishery must be retained. Further, the operator of a vessel and 
the manager of a shoreside processor or stationary floating processor (SFP) must not discard any salmon or 
transfer or process any salmon under the Prohibited Species Donation Program until the total number of 
salmon by species has been determined by the observer and the observer’s collection of any scientific data or 
biological samples from the salmon has been completed.  
 
In July 2011 the North Pacific Fisheries Management Council (Council) determined that Chinook salmon 
prohibited species catch (PSC) taken incidentally in Gulf of Alaska (GOA) pollock fisheries was also a 
concern, historically accounting for the greatest proportion of Chinook salmon taken in GOA groundfish 
fisheries. As a result NMFS published regulations to implement Amendment 93 to the FMP for Groundfish 
of the Gulf of Alaska. The regulations apply exclusively to the directed pollock trawl fisheries in the Central 
and Western Reporting Areas of the GOA (Central and Western GOA). Amendment 93 establishes separate 
prohibited species catch (PSC) limits in the Central and Western GOA for Chinook salmon, which would 
cause NMFS to close the directed pollock fishery in the Central or Western regulatory areas of the GOA, if 
the applicable limit is reached. This action also requires full retention of all salmon in pollock trawl fisheries 
and provides direction for NMFS to work with the processors to evaluate and address the quality of sorting at 
the plants to assist improvements in observer salmon estimates. The final rule for Amendment 93 can be 
found at: http://www.fakr.noaa.gov/frules/77fr42629.pdf.   
 
This report represents the estimated incidental catches and average weights of Pacific salmonids in the U.S. 
groundfish fisheries in the BSAI and GOA from 1977 to 2013. 

 
 

RESULTS  
 

Table 1 provides a summary of the groundfish catch and estimated bycatch of salmonids reported by NMFS 
by region (BSAI and GOA) from 1990 through 2013. The U.S. groundfish catch in the BSAI has ranged 
from 1,337,569 mt in 2009 to 2,154,903 mt in 1991. In 2013, the U.S. groundfish catch in the BSAI was 
1,909,553 mt.  From 1990 – 2013, the incidental catch of Chinook salmon has ranged from 8,223 in 2000 to 
129,567 in 2007; while the incidental catch of non-Chinook salmon has ranged from 14,895 in 2010 to 
709,387 in 2005. In 2013 the incidental catch of Chinook salmon was 16,080 and the incidental catch of non-
Chinook salmon was 127,186.  
 
The U.S. groundfish catch in the GOA has ranged from 164,459 mt in 2007 to 269,797 mt in 1992. In 2013, 
the U.S. groundfish catch in the GOA was 227,5461 mt. The incidental catch of Chinook salmon from 1990 
– 2012 ranged from 8,397 in 2009 to 54,559 in 2010; while the incidental catch of non-Chinook salmon has 

http://alaskafisheries.noaa.gov/frules/75fr53026.pdf
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ranged from 1,257 in 2012 to 64,792 in 1995. In 2013 the incidental catch of Chinook salmon in the GOA 
was 23,889 and the incidental catch of non-Chinook salmon was 6,105. 
  
 
The annual Chinook salmon average weight found in the BSAI incidental catch in 2013 was 2.82 kg 
compared to the 1990-2012 annual average weight range of 2.60 kg in 2011 to 5.21 kg in 1995 (Table 2). The 
annual average weight of Chinook salmon in the GOA incidental catch in 2013 was 2.29 kg (Table 3). The 
1990-2012 annual average weights of GOA Chinook salmon ranged from 2.01 kg in 2011 to 4.60 kg in 1991.  
 
The annual average weights of chum salmon found in the BSAI incidental catch ranges from 2.07 kg in 1993 
to 3.43 kg in 1995 (Table 4). In 2013, in the BSAI, the average weight chum salmon was 2.56 kg. The annual 
average weights of chum salmon in the GOA incidental catch range from 2.16 kg in 1993 to 4.87 kg in 1999 
while the 2013 the chum average weight was 3.02 kg (Table 5).  
 
The last year of joint venture operations occurred in the BSAI in 1990, with a groundfish catch of 133,438 mt 
and an incidental catch of 147 Chinook salmon, 2 Chum salmon (O. keta), and 3 Coho salmon (O. kisutch) 
(Table 1). Table 6 provides the estimated incidental catches of Pacific salmonids in the foreign and joint 
venture groundfish fisheries off Alaska for 1977-1989.  
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Table 1.  Total groundfish catch (mt) and estimated bycatch of Chinook and other Pacific salmon in U.S. groundfish 
                fisheries, 1990- 2013. 
 
 
     Estimated numbers of salmon bycatch 
  Domestic Catch __________________________________________________________ 
Year Region Groundfish (mt) Chinook Chum Coho Sockeye Pink Total 
 
  
1990 BSAI 1,706,379 14,085 16,202 153 30 31 30,501 
1991 BSAI 2,154,903 48,880 28,270 656 1,310 26 79,142 
1992 BSAI 2,057,849 41,955 40,090 1,266 14 80 83,405 
1993 BSAI 1,854,216 46,014 242,916 324 22 8 289,284 
1994 BSAI 1,958,788 43,821 94,107 228 20 193 138,369 
1995 BSAI 1,928,073 23,436 20,983 871 0 21 45,311 
1996 BSAI 1,847,631 63,205 77,819 234 5 2 141,265 
1997 BSAI 1,824,188 50,530 66,816 109 3 66 117,524 
19981 BSAI 1,615,685 55,431   65,697  121,128 
1999 BSAI 1,424,752 14,599   47,132  61,731 
2000 BSAI 1,607,549 8,223   59,327  67,550 
2001 BSAI 1,813,924 40,547  60,731  101,278 
2002 BSAI 1,934,957 39,684  82,483  122,167 
2003 BSAI 1,970,817 53,571  191,150  244,721 
2004 BSAI 1,979,143 59,967  450,553  510,520 
2005 BSAI 1,981,374 74,267  709,387  783,654 
2006 BSAI 1,976,553 87,084  325,181  412,265 
2007 BSAI 1,856,733 129,567  97,351  226,918 
2008 BSAI 1,546,071 24,108  17,035  41,143 
2009 BSAI 1,337,569 13,991  47,508  61,499 
2010 BSAI 1,355,185 12,480  14,895  27,375 
2011 BSAI 1,818,294 26,672  192,871  219,543 
2012 BSAI 1,853,586 12,949  24,451  37,400 
20132 BSAI 1,909,5533 16,0804  127,1864   143,2664
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Table 1.  (Continued) 
 
 
     Estimated numbers of salmon bycatch 
   __________________________________________________________ 
Year Region Groundfish (mt) Chinook Chum Coho Sockeye Pink Total 
 
  
 Domestic  
 
1990 GOA 244,397 16,913 2,541 1,482 85 64 21,085 
1991 GOA 269,616 38,894 13,711 1,133 46 64 53,848 
1992 GOA 269,797 16,794 11,140 55 21 0 28,010 
1993 GOA 255,434 24,465 55,268 306 15 799 80,853 
1994 GOA 239,503 13,613 36,782 42  96 306 50,839 
1995 GOA 216,585 14,647 64,067 668 41 16 79,439 
1996 GOA 202,054 15,761 3,969 194 2 11 19,937 
1997 GOA 230,448 15,119 3,349 41 7 23 18,539 
19981 GOA 245,516 16,984   13,544   30,528 
1999 GOA 227,614 30,600      7,529   38,129 
2000 GOA 204,398 26,705      10,995   37,700 
2001 GOA 182,011 15,104      6,063   21,167 
2002 GOA 165,664 12,920      3,219   16,139 
2003 GOA 177,315 15,396      9,892   25,288 
2004 GOA 172,438 17,777      6,263   24,040 
2005 GOA 185,915 31,270      7,010   38,280 
2006 GOA 196,847 19,004      4,460   23,464 
2007 GOA 164,459 40,539      3,617   44,156 
2008 GOA 184,751 16,176   2,905   19,081 
2009 GOA 166,357  8,397      2,557    10,954 
2010 GOA 216,441 54,559      2,029    56,660 
2011 GOA 225,617 20,769      3,024   23,793 
2012 GOA 219,241 22,585      1,257   23,842 
20132 GOA 227,5465 23,8894      6,1054     29,9944 
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Table 1.  (Continued) 
 
 
      Estimated numbers of salmon bycatch 
  Catch __________________________________________________________ 
Year Region Groundfish (mt) Chinook Chum Coho Sockeye Pink Total 
 
 
 Joint Venture 
 
1990 BSAI 133,438 147 2 3 0 0 152 
1990 GOA 0 0 0 0 0 0 0 
 
 
1 For 1998 – 2013, the estimates of non-Chinook salmon are not separated by species and are thus listed as a single value. 
2  Data presented for 2013 are based on preliminary numbers. 
3http://alaskafisheries.noaa.gov/2013/car110_bsai_with_cdq.pdf 
4http://fakr.noaa.gov/2013/car260_psc_salmon.csv 
5http://alaskafisheries.noaa.gov/2013/car110_goa.pdf
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Table 2.  Average body weight of Chinook salmon incidentally caught in the Bering Sea/Aleutian Islands 
groundfish fisheries, 1990-2013. 
 
 
  Average Body Weight (kg) 

_______________________________________________________________ 
 
Year Region Male Female Unsexed Combined 
 
1990 BSAI 3.73 3.71 3.56  3.70 
1991 BSAI 2.82 3.47 3.03 3.10 
1992 BSAI 3.03  3.65 4.23  3.54 
1993 BSAI 3.78  4.11 4.74   4.01 
1994 BSAI 4.37  4.29 4.11   4.30 
1995 BSAI 4.95  5.43 5.19   5.21 
1996 BSAI 3.67  3.89 3.39   3.75 
1997 BSAI 4.02  4.17 4.41   4.14 
1998 BSAI 2.91  3.30 2.40   3.02 
1999 BSAI 3.53  3.73 3.91   3.64 
2000 BSAI 3.67  3.87 4.12   3.78 
2001 BSAI 2.94  3.32 1.50   3.04 
2002 BSAI 3.79  4.15 3.07  3.89 
20031 BSAI  --   --  --  3.44 
2004 BSAI  --   --  --   3.50 
2005 BSAI  --   --  --   3.29 
2006 BSAI  --   --  --   3.01 
2007 BSAI 2.81  2.95 2.40   2.82 
2008 BSAI 3.59  3.60 3.99   3.61 
2009 BSAI 3.70 3.93 3.02 3.77 
2010 BSAI 4.20 4.15 3.88 4.16 
2011 BSAI 2.56 2.80 1.48 2.60 
2012 BSAI 3.53 3.40 3.04 3.47 
20132 BSAI 2.62 3.13 2.10 2.82 
 
 
1  For years 2003 - 2006, only the combined average weight is shown because observers were combining sexes 
prior to weighing the salmon. 
2  Data presented for 2013 are based on preliminary numbers.  
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Table 3.  Average body weight of Chinook salmon incidentally caught in the Gulf of Alaska groundfish 
fisheries, 1990-2013. 

 
 
  Average Body Weight (kg) 

 _______________________________________________________________ 
 

Year Region Male Female Unsexed Combined 
 
1990 GOA 3.94  4.29 3.91   4.10 
1991 GOA 3.06  5.10 4.08   4.60 
1992 GOA 4.46  4.11 3.58   4.14 
1993 GOA 2.83  2.76 3.40   2.90 
1994 GOA 3.72  3.69 2.85   3.63 
1995 GOA 4.48  3.31 3.00   3.67 
1996 GOA 2.71  2.97 2.80   2.83 
1997 GOA 4.28  4.08 5.08   4.49 
1998 GOA 3.00  3.07 3.47   3.08 
1999 GOA 2.69  3.16 2.49   2.82 
2000 GOA 3.34  3.21 3.45   3.32 
2001 GOA 3.36  3.08 2.95   3.20 
2002 GOA 2.76  2.59 3.38   2.73 
20031 GOA  --   --  --   2.84 
2004 GOA  --   --  --    2.47 
2005 GOA  --   --  --   2.46 
2006 GOA  --   --  --   3.41 
2007 GOA 2.84  3.35 2.75   2.99 
2008 GOA 4.27  2.61 2.61   3.31 
2009 GOA 3.70 2.66 4.41  3.24 
2010 GOA 2.24 2.35 2.04  2.27 
2011 GOA 2.07 2.16 1.75 2.01 
2012 GOA 2.09 2.75 2.14 2.32 
20132 GOA 2.24 2.53 2.09 2.29 
 
 
1 For years 2003 - 2006, only the combined average weight is shown because observers were combining sexes 
prior to weighing the salmon 
2  Data presented for 2013 are based on preliminary numbers.  
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Table 4.  Average body weight of chum salmon incidentally caught in the Bering Sea/Aleutian Islands 
groundfish fisheries, 1990-2013. 

 
 
 
  Average Body Weight (kg) 
   _______________________________________________________ 

 
Year Region Male Female Unsexed Combined 
 
 
1990 BSAI 2.27 2.26 2.45  2.32 
1991 BSAI 2.76 2.40 2.91  2.66 
1992 BSAI 2.54 2.48 2.61  2.56 
1993 BSAI 2.16 1.96 2.07  2.07 
1994 BSAI 2.72 2.65 2.62  2.66 
1995 BSAI 3.46 3.17 3.83  3.43 
1996 BSAI 2.47 2.23 2.10  2.31 
1997 BSAI 2.35 2.24 1.98  2.25 
1998 BSAI 2.88 2.50 3.02  2.86 
1999 BSAI 2.97 2.82 3.10  2.96 
2000 BSAI 2.97 2.79 2.64  2.77 
2001 BSAI 2.70 2.47 2.56  2.61 
2002 BSAI 2.97 2.71 3.04  2.91 
20031 BSAI  --  --  --  2.52 
2004 BSAI  --  --  --  2.41 
2005 BSAI  --  --  --  2.15 
2006 BSAI  --  --  -- 2.77 
2007 BSAI 2.40 2.19 2.12 2.26 
2008 BSAI 3.52 2.92 2.53 3.23 
2009 BSAI 2.81 2.62 3.17 2.74 
2010 BSAI 3.19 2.85 1.86 3.02 
2011 BSAI 2.76 2.52 2.65 2.65 
2012 BSAI 2.75 2.56 2.92 2.67 
20132 BSAI 2.63 2.46 2.64 2.56 
 
 

 

1 For years 2003 - 2006, only the combined average weight is shown because observers were combining sexes 
prior to weighing the salmon. 
2  Data presented for 2013 are based on preliminary numbers.
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Table 5.  Average body weight of chum salmon incidentally caught in the Gulf of Alaska groundfish fisheries, 
1990-2013. 

 
 
 
  Average Body Weight (kg) 

_______________________________________________________________ 
 
Year Region Male Female Unsexed Combined 
 
 
1990 GOA 3.22 3.16 2.94  3.12 
1991 GOA 3.27 2.90 3.11  3.11 
1992 GOA 3.09 3.02 2.44  2.88 
1993 GOA 2.40 2.27 1.93  2.16 
1994 GOA 3.40 3.20 2.92  3.10 
1995 GOA 3.14 3.12 2.97  3.02 
1996 GOA 3.10 2.42 2.50  2.61 
1997 GOA 5.28 4.09 3.94  4.37 
1998 GOA 3.84 3.77 3.75  3.80 
1999 GOA 4.33 5.45 3.84  4.87 
2000 GOA 4.16 4.26 4.17  4.20 
2001 GOA 2.83 2.90 3.16  2.91 
2002 GOA 3.61 3.53 3.39  3.51 
2003 GOA  --  --  --  3.18 
2004 GOA  --  --  --  3.68 
2005 GOA  --  --  --  4.61 
2006 GOA  --  --  --  3.77 
2007 GOA 3.26 2.99 3.01  3.10 
2008 GOA 3.63 2.73 1.23  2.83 
2009 GOA 3.37  3.60  3.26 3.44 
2010 GOA 2.98  4.03  2.47 3.28 
2011 GOA 3.00 2.97 3.00 2.98 
2012 GOA 2.89 3.57 4.63 3.48 
20132 GOA 3.28 2.90 2.45 3.02 
 
 
 
1  For years 2003 - 2006, only the combined average weight is shown because observers were combining sexes 
prior to weighing the salmon. 
2  Data presented for 2013 are based on preliminary numbers.
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Table 6.  Estimated incidental catches of Pacific salmonids previously reported to the International North 
Pacific Fisheries Commission, 1977-1989. 
 
 
Year Bering Sea/ Aleutian Islands1 Gulf of Alaska2  
 
1977 47,840  5,222  
1978 44,548  45,603  
1979 107,706  21,460  
1980 122,002  36,069  
1981 43,191  30,860  
1982 23,623  6,967  
1983 42,666  13,874  
1984 84,138  75,846  
1985 20,423 14,102  
1986 20,983  20,820  
1987 14,234  1,221  
1988 9,380  147  
1989 14,153  0  
 
 
 
1  Reported in INPFC Doc. 3588, October 1990 
2  Reported in INPFC Doc. 3417, September 1989.  
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