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the biological characteristics and biomass of anadromous 
populations, winter open-ocean field research and monitor-
ing programs have been too limited to test it directly.  Better 
information on the status and trends in production and con-
dition of Pacific salmon during the late fall to early spring 
period and knowledge of the variation in the characteristics 
of winter marine production in the Western Subarctic Gyre 
and Gulf of Alaska ecosystems is needed to conserve salmon 
populations.

Despite the potential importance of winter mortality 
in regulating the dynamics of salmon abundance, relative-
ly little research has been conducted on the winter ecology 
of Pacific salmon in the marine environment, due largely to 
the challenges associated with conducting field work at this 
time of the year.  The knowledge gained during the last five 
years on the winter ecology of Pacific salmon is based pri-
marily on surveys conducted by Russia in central and west-
ern parts of Subarctic Frontal Zone in the winter and spring 
2009–2011, a synthesis of surveys conducted by Russia in 
1982–1992, and cruises by Canada on the continental shelf 
from west of Vancouver Island to Southeast Alaska in the 
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et al. 2016a, b; Shubin and Akinicheva 2016), coded-wire 
tags (Fisher et al. 2014; Tucker et al. 2015a), acoustic tags 
(Moore et al. 2012; Brosnan et al. 2014), and genetic stock 
identification methods (Tucker et al. 2011, 2012a, b; Sato 
et al. 2013; Shpigalskaya et al. 2013, 2016; Beacham et al. 
2014a; Teel et al. 2015; Kondzela et al. 2016a, b).  Overall, 
migration behavior of juvenile salmon has been shown to 
vary among species, stocks, and life histories (Tucker et al. 
2011, 2012a, b; Beacham et al. 2014a; Fisher et al. 2014; 
Teel et al. 2015).  Migration routes may also be genetically 
programmed (Sharma and Quinn 2012; Tucker et al. 2012a, 
b; Burke et al. 2013a, b), but the distribution of juvenile 
salmon along their migration trajectory may be affected by 
physiological condition such as body size (Hasegawa et 
al. 2013; Saito et al. 2013; Beacham et al. 2014b; Fresh-
water et al. 2016) and environmental cues such as water 
temperature (Kasugai et al. 2011; Urawa 2015; Nagata et 
al. 2016b), ocean currents (Burke et al. 2013a; Chistyakova 
and Bugaev 2016), phytoplankton biomass (Bi et al. 2008; 
Peterson et al. 2010), location of river mouths (Burke et 
al. 2014), and magnetic cues (Putman et al. 2014).  Fur-
thermore, migration behavior of hatchery and wild fish ap-
pears to be different at small scales during early marine life 
(Moore et al. 2012), but similar over larger scales (Tucker et 
al. 2011).  The distribution and inshore-offshore movements 
of juvenile salmon may also be linked to food availability, 
zooplankton community succession, and the geomorphol-
ogy of juvenile salmon habitat (Frenkel et al. 2013; Koval 
and Morozova 2013; Morozova 2013).  

Hydrological Characteristics, Primary Production and Prey 
Resources in Juvenile Salmon Habitats

Our understanding of the dynamics of zooplankton 
communities in Russia’s far-eastern seas and adjacent wa-
ters has been enhanced by the creation of the TINRO-Center 
zooplankton database.  Data analyses revealed that import-
ant juvenile salmon prey items such as euphausiids, amphi-
pods, pteropods, and appendicularians have generally larger 
biomass in the western North Pacific Ocean compared to 
the eastern North Pacific Ocean and exhibit different trends 
between basins (Shuntov and Temnykh 2011a).  Zooplank-
ton biomass appeared to have varied inversely between the 
Bering Sea and Okhotsk Sea from 1980 to the early 2000s 
(Shuntov and Temnykh 2011a).  Changes in zooplankton 
community composition and abundance have been linked to 
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et al. 2015; Plumb and Moffitt 2015).  This research has 
shown that the optimal temperature for growth was much 
higher than previously thought.  It is important, however, to 
note that these parameters were also derived for freshwater 
environments. Consequently, further effort is needed to pa-
rameterize these models for juvenile salmon in the marine 
environment.

Ecological Interactions of Juvenile Salmon
Juvenile salmon may interact with other salmon 

species or populations through competition or predation 
(Hasegawa et al. 2014).  Competition is expected to be 
more intense among species that share similar prey, such 
as juvenile pink, chum, and sockeye salmon, and may be 
modulated by the presence of parasites (Godwin et al. 
2015).  Competition between wild and hatchery fish may 
be asymmetrical (Beamish et al. 2008, 2010) and is likely 
more intense in offshore waters as recent studies also indi-
cate that hatchery and wild salmon often feed on different 
prey in the nearshore environment but feed on similar prey 
offshore (Sweeting and Beamish 2009; Daly et al. 2012; 
Sturdevant et al. 2012b).  Stable isotope analyses have re-
cently shown that the diet overlap between juvenile pink 
and chum salmon increased as their abundance increased, 
suggesting that competitive interactions were stronger at 
higher densities (Jenkins et al. 2013).  Although an in-
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juvenile chum salmon when they migrate into the coastal 
ocean because the heavy parasite infection disturbs the os-
moregulation of juveniles (Urawa 1993, 1996, 2013).

It is generally thought that large and fast-growing fish 
have higher survival, either because large fish are less vul-
nerable to gape-limited predators or can sustain starvation 
(i.e., in winter) for longer periods of time (Beamish and 
Mahnken 2001).  However, while larger and fast-growing 
salmon have frequently been found to have a survival advan-
tage over small and slow-growing juvenile salmon (Duffy 
and Beauchamp 2011; Farley et al. 2011; Tomaro et al. 2012; 
Irvine et al. 2013; Woodson et al. 2013; Zavolokin and Stre-
zhneva 2013; Miller et al. 2014b), size-selective mortality 
has not always been apparent during either summer or win-
ter in juvenile salmon (Welch et al. 2011; Trudel et al. 2012).  
Furthermore, a negative relationship between adult returns 
and juvenile salmon growth has also been observed (Miller 
et al. 2013), indicating that other factors may override the 
effects of large size and fast growth on the marine survival 
of juvenile salmon.

Survival mechanisms have also been inferred indirectly 
through correlational studies of smolt survival with climatic 
and oceanographic conditions.  These analyses have been 
performed using simple tools such as linear regression mod-
els (Tanasichuk and Routledge 2011; Tucker et al. 2015b) as 
well as more sophisticated approaches such as the maximum 
covariance analysis (Burke et al. 2013b), Bayesian Belief 
Network (Araujo et al. 2013; Malick et al. 2015a; Hertz et 
al. 2016a), and state-space models (Ye et al. 2015).  It should 
be remembered though, that no matter how sophisticated the 
analysis, correlation does not mean causation (Peters 1991), 
and correlations often break down over time (Skud 1983; 
Walters and Collie 1988).  Nevertheless, correlation anal-
yses have helped to generate and test a number of hypothe-
ses relating salmon survival to ocean conditions, including 
changes in prey availability (Tanasichuk and Routledge 
2011; Wells et al. 2012; Doubleday and Hopcroft 2015; but 
see Shuntov and Temnykh 2011a, b; Radchenko et al. 2013), 
the timing of prey availability (Malick et al. 2015b; Satterth-
waite et al. 2015), prey quality (Peterson et al. 2014; Tucker 
et al. 2015b), and climate (Killduff et al. 2015; Hertz et al. 
2016a).  If correlations break down over time, it may sim-
ply indicate that other factors not initially considered may 
contribute to the dynamics of salmon populations, and there-
by lead to the generation of new hypotheses and theories 
of salmon production.  A more holistic approach that simul-
taneously accounts for the interactions of multiple factors 
may be necessary to understand the complex interactions 
between climate, marine ecosystems, and salmon.

Population Size and Carrying Capacity of Juvenile Salmon
The number of salmon that can be sustained in the North 

Pacific Ocean has long been a component of NPAFC-related 
research.  Estimation of this number requires knowledge of 
the abundance of juvenile salmon in the marine environment, 
their feeding rates, the availability and production of their 

prey, and the abundance and feeding rates of other species 
that may be eating the same prey.  Research conducted by 
Russian scientists suggest that the size of juvenile salmon is 
large when their abundance is high and small when their abun-
dance is low, which is contrary to expectations from densi-
ty-dependent interactions when food is limiting (Shuntov and 
Temnykh 2011a; Zavolokin 2013).  Bioenergetic model cal-
culations indicate that juvenile salmon consume only a small 
proportion of the available zooplankton biomass, suggesting 
that salmon abundance and size may not be limited by com-
petition (Orsi et al. 2004).  In contrast to these findings, the 
size of juvenile pink and chum salmon was inversely related 
to their abundance on the west coast of North America (Jen-
kins et al. 2013).  The intensity of competitive interactions 
may also vary among regions of the North Pacific Ocean.  
Notably, the western North Pacific Ocean is thought to be 
more productive than the eastern North Pacific Ocean (Saito 
et al. 2011) and may therefore support higher salmon biomass 
(PICES 2005; Shuntov and Temnykh 2011a).

Winter Period

Winter Distribution of Salmon
Myers et al. (2016) reviewed winter salmon research on 

the high seas of the North Pacific Ocean and Bering Sea.  
Early high-seas research (1950s–1970s) established that 
salmon exhibit broad seasonal (north–south) movements, 
that there are stock-specific marine distributions, and identi-
fied dominant oceanographic features of the winter habitat.  
In succeeding decades (1980–2015), new fisheries-ocean-
ographic survey methods, stock-identification techniques, 
remote-sensing technologies, and analytical approaches en-
abled researchers to expand their knowledge of the winter 
distribution and ecology of salmon, although empirical data 
remain limited. 

The winter distribution of salmon is “complex and 
variable, depending on spatiotemporal scale and synergies 
among genetics, environment, population dynamics, and 
phenotypic plasticity” (Myers et al. 2016).  For instance, the 
winter distribution of Pacific salmon in the open ocean de-
pends on the general state of the Western Subarctic Cyclonic 
Gyre and on the position of the frontal zone of the East Kam-
chatka current ocean branch sector (Figurkin and Naydenko 
2013, 2014).  New data on the vertical distribution of Pacific 
salmon during winter and spring indicate that they are more 
dispersed in the water column compared to summer and fall 
(Starovoytov et al. 2010a, b; Glebov et al. 2011).  Pink salm-
on are distributed across a wide range of temperatures during 
winter (0.5–11.5°C), whereas sockeye and coho salmon tend 
to occupy cooler (1.5–6.5°C) and warmer (4.0–11.5°C) wa-
ters, respectively.  Most small chum salmon (< 30 cm FL) 
are distributed in the Subarctic Front Zone between 3°C and 
8°C, while larger chum salmon shift to cooler water with a 
peak at 4.5°C (Naydenko et al. 2016).  Urawa et al. (2016) 
summarized that the SST of pink and chum salmon winter 
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the western subarctic water during the winters of 1996, 1998 
and 2006, while the SST of the winter habitat in each area 
was stable across the three years.  These observations suggest 
that salmon select similar temperature regimes each winter, 
despite variable SST in the western subarctic waters.

Few salmon species remain on the continental shelf 
during winter.  On the west coast of North America, winter 
catches of salmon are dominated by immature Chinook and 
coho salmon (Trudel et al. 2007; Tucker et al. 2011, 2012a, 
b), although one population of sockeye salmon remains on 
the continental shelf during winter (Tucker et al. 2009; Bea-
cham et al. 2014a, b).  Stock composition appears relative-
ly stable among years despite highly variable ocean condi-
tions, even at a small geographic scales, suggesting that their 
coastal distribution is genetically programmed (Tucker et al. 
2012a, 2015a).  Unlike in the open ocean, juvenile/immature 
salmon tend to be caught deeper in the water column during 
wintertime (Orsi and Wertheimer 1995; Trudel and Tucker 
2013).  In a joint �
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Lipid dynamics during winter has been rarely exam-
ined in juvenile salmon.  The total muscle lipid content of 
age-0.1 chum salmon in the Gulf of Alaska was extremely 
low, suggesting fish malnutrition during winter (Kaga et al. 
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CLIMATE CHANGE IMPACTS ON SALMONID 
PRODUCTION AND THE MARINE ECOSYSTEM

Climate change and its impact on salmon carrying ca-
pacity in the Bering Sea have been investigated through the 
Bering-Aleutian Salmon International Survey (BASIS) pro-
gram initiated by NPAFC in 2001.  Evidence has linked in-
creased levels of atmospheric carbon dioxide to warming air 
and sea temperatures, reduced sea ice extent during winter, 
and melting of the polar cap in the Arctic region (Bond et 
al. 2008); and it has been suggested that climate change will 
alter the current geographic distributions and behaviors of 
humans, marine mammals, seabirds, and fish by restructur-
ing their habitats within the Bering Sea ecosystem (NPRB 
2007).  However, there are mixed opinions regarding the 
effects of climate change on Bering Sea ecosystems, with 
some studies indicating no direct effect on the ecosystem 
(e.g., Shuntov and Temnykh 2009), and others suggesting 
reduced ecosystem productivity with increasing sea surface 
temperatures (Coyle et al. 2008, 2011). 

Climate-ocean and Biological Factors Related to Salmon 
and Ecologically Related Species

The extent and duration of winter and spring sea ice 
along the eastern Bering Sea shelf plays a key role in struc-
turing the ecosystem.  Interannual variability in spring sea 
ice extent over the shelf has recently given way to “stanzas” 
of warm and cold events (Overland 2011).  These stanzas 
have had profound effects on the ecosystem by restructur-
ing the types and abundances of zooplankton and fish com-
munities, and fitness of fishes along the shelf (Stabeno et 
al. 2012a, b).  For example, Pacific salmon research under 
BASIS covered two periods: warm (2003–2006) and cold 
(2007–2012).  During the warm period, small- and medi-
um-sized zooplankton dominated in the eastern Bering Sea 
(Stabeno et al. 2012b).  During the cold period, the por-
tion of large-sized zooplankton (euphausiids, hyperiids, co-
pepods, and chaetognaths) significantly increased.  These 
changes in zooplankton communities were reflected in Pa-
cific salmon diets (Farley et al. 2007).  During the warm 
period, most of the diet of pink, chum, and sockeye salmon 
juveniles comprised �ᨀ౐Ԁ 
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Influence of Climate-ocean Conditions on Biological Pa-
rameters of Salmon

The body size of most Russian chum salmon stocks, 
particularly Anadyr chum salmon, decreased significantly 
from 1960 to the 2000s (Zavolokin et al. 2011; Temnykh 
et al. 2012).  As estimated from scale measurements, first-
year growth increased, but third and fourth year growth 



10

NPAFC Bulletin No. 6 Urawa et al.

unusual mortality event of large whales in the western Gulf 
of Alaska (NOAA 2016), and population losses of gulls, puf-

http://www.npafc.org/new/science_statistics.html
http://www.npafc.org/new/science_statistics.html
http://www.npafc.org/new/science_escapement.html
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less abundant than their historical levels, while inter-an-
nual patterns of sockeye salmon abundance vary greatly 
among regions. 

Over the long term (1926–2010), odd-year pink salm-
on have become increasingly dominant over even-year re-
turning fish, particularly in the southeastern portion of their 
range (Irvine et al. 2014).  In Asia, Russian pink salmon 
catches increased since the 1990s in Chukotka (Khokhlov 
2012), west and east Kamchatka (Karpenko and Koval 
2012), Sakhalin-Kuril region (Kaev 2012; Kaev and Irvine 
2016), and the northwestern coast of the Okhotsk Sea, in-
cluding the Amur River basin (Klovach et al. 2014, 2015).  
In contrast, there are relatively few pink salmon in Japan, 
which is near the southern extent of their distribution in 
the western North Pacific Ocean.  Their adult returns have 
declined dramatically since 2011, which may be associ-
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northern Honshu (Saito and Nagasawa 2009).  To clarify 
regional differences in biological characteristics of chum 
salmon in Japan, Saito et al. (2015) reviewed adult returns 
(coastal and river catches), peak timing of upriver migra-
tion (PUM), coastal sea surface temperature at the PUM, 
fork length of age-4 adults, age at maturity, egg diameter, 
and fecundity of age-4 females for seven regional popu-
lations monitored between 1994 and 2008.  All biological 
characteristics showed clear differences among the regions 
or between some pairs of regions, and some characteristics 
appeared to change along latitudinal gradients.  In partic-
ular, the values for PUM, fork length, age at maturity, and 
egg diameter in river stocks along the Sea of Japan coast 
exhibited an abrupt change at the boundary of the Tsuga-
ru Strait.  In Hokkaido, the PUM was earlier than before 
the 1960s, probably resulting from artificial alterations of 
the run timing in many stocks.  Consequently, the advanced 
PUM resulted in fish experiencing higher sea temperatures 
during their spawning migration.  Standardized egg diame-
ters decreased over the study period, although a problem in 
the dataset might have influenced the apparent trend.  Taka-
hashi (2015) also reviewed trends in artificial enhancement 
activities (timing of spawning operations, effective popula-
tion size, timing of fry releases, and body size of released 
fry) among seven regional populations of chum salmon.  
Monitoring programs such as these have proved indispens-
able to identify future directions to maintain Japanese chum 
salmon populations: (1) better understand the features of 
each regional population, (2) conserve the diversity of each 
population, and (3) identify optimal timing of fry releases 
and body sizes to maximize their survival in the changing 
ocean environments.

Commercial chum salmon catches increased after 1990 
in Prince William Sound and Southeast Alaska, following the 
start of modern hatcheries in Alaska in the late 1970s (Heard 
and Wertheimer 2012).  In Kodiak, chum salmon catches var-
ied widely before hatcheries were built, but subsequently in-
creased (Heard and Wertheimer 2012).  In Southeast Alaska, 
commercial catches of chum salmon have comprised primar-
ily hatchery fish, and estimated catches of wild chum salmon 
have recently declined to levels similar to those of the 1970s 
(Piston and Heinl 2012).  Population abundance of chum 
salmon originating in the Columbia River and southward to 
Newport, Oregon, is highly variable and has fallen more than 
80% from historic levels (Johnson et al. 2012). 

During 1971–2010, sockeye salmon catches increased 
in west and east Kamchatka (Karpenko and Koval 2012).  In 
2013, Russian sockeye catches exceeded 50 thousand metric 
tonnes, which was almost a historic high (NPAFC 2016a).  
In Bristol Bay, Alaska, commercial fishing has reduced 
sockeye salmon population diversity (Schindler et al. 2010).  
Decreasing trends in productivity for sockeye salmon have 
occurred since 1950 across a large geographic area ranging 
from Washington, British Columbia, Southeast Alaska, and 
up through the Yakutat peninsula, Alaska, but not in central 
and western Alaska (Peterman and Dorner 2012).  In the Fra-

ser River, the total returns of sockeye salmon in 2009 were 
the lowest recorded since quantitative records began in the 
late 1940s (Beamish et al. 2012), but one of the strongest 
sockeye returns was recorded in 2010 (Irvine and Akenhead 
2013; McKinnell et al. 2014). 

Contrary to the upward trends in pink, chum, and sock-
eye salmon abundance, many populations of coho, Chinook, 
and cherry (masu) salmon have been declining.  Although 
reasons for the high production of pink and chum salmon 
are not fully understood, these species appear to have bene-
fited more than other species from favorable conditions: (1) 
changing environmental factors; (2) biological and life-his-
tory characteristics of pink and chum salmon allowing these 
species to benefit from changing conditions; and (3) human 
activities including stock enhancement and responsible fish-
eries management (Davis and Beamish 2012).

Annual Regional Production of Hatchery and Wild 
Salmon

Total North Pacific salmon hatchery releases have been 
fairly stable during the last 28 years at approximately 5 bil-
lion fish (Fig. 2).  Asian hatchery production has generally 
been > 2.5 billion releases since 1981, with the exception of 
reduced chum salmon releases that was linked to the Great 
East Japan earthquake in 2011.  Asian hatchery releases are 
predominately chum salmon.  

North American hatchery production has exceeded 2 
billion releases since 1988.  Pink and chum salmon are the 
primary species released from North American hatcheries, 
mainly from Alaska.  The relatively large numbers of en-
hanced Canadian sockeye salmon are produced in spawning 
channels, not hatcheries.  Hatcheries in Washington, Ore-
gon, California, and Idaho produce mostly Chinook salmon.

Provisional abundance of pink, chum, and sockeye 
salmon in major regions of the North Pacific from 1952 
through 2015 were recently estimated (Irvine and Rug-
gerone 2016).  Estimates included numbers and biomass 
of natural-origin and hatchery-origin salmon returns (i.e., 
catch plus escapement) by species, as well as total biomass 
that included immature salmon.  Temporal abundance pat-
terns generally followed commercial catch patterns.  The 
proportion of hatchery-origin chum salmon abundance 
peaked in the late 1990s at ~70%, and is currently ~45%.  
Hatchery-origin pink and sockeye salmon currently consti-
tute ~19% and ~4% of the total returns for these species, 
respectively (Irvine and Ruggerone 2016).  These values are 
similar to ones provided in earlier estimates by Kaeriyama 
et al. (2012) who estimated hatcheries contributed 50% of 
the biomass of chum salmon, more than 10% for pink salm-
on, and less than 10% for sockeye salmon.  Total abundance 
and biomass of adult pink, chum, and sockeye salmon peak-
ed in 2009 (910 million fish; 1.7 million metric tonnes), 
while the total biomass including immature fish exceeded 5 
million metric tonnes in 2009 and again in 2013 (Irvine and 
Ruggerone 2016).



http://www.npafc.org/new/science_statistics.html
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DEVELOPMENT AND APPLICATIONS OF 
STOCK IDENTIFICATION FOR SALMONID 
POPULATION MANAGEMENT

Genetic baselines for salmon are needed to monitor 
stock-specific ocean distributions and abundance as well 
as to produce more accurate estimates of the timing and 
abundance of adults returning to coastal rivers.  High-seas 
tagging and otolith-mark programs, in addition to those pro-
vided by genetic analysis, are also important to examine mi-
gration behavior of specific populations.  

Development of Genetic Baselines

Genetic baselines for salmon throughout the Pacific 
Rim have been developed for chum salmon using microsat-
ellites (Beacham et al. 2009a) and single nucleotide poly-
morphisms (SNPs; Seeb et al. 2011) to assess population 
structure.  Beacham et al. (2009a, b) reported that the most 
genetically diverse chum salmon were observed from Asia, 
particularly Japan, whereas chum salmon from the Skee-
na River and Queen Charlotte Islands in northern British 
Columbia and those from Washington State displayed the 
least genetic variation compared with chum salmon in other 
regions.  Seeb et al. (2011) reported that variable linkage 
relationships between SNPs were associated with ancestral 
groupings and that outlier loci displayed alleles associated 
with latitude.  The population structure of chum salmon has 
been investigated in Japan using allozyme (Sato and Ura-
wa 2015), mitochondrial DNA (Tsukagoshi et al. 2016), 
and SNPs (Sato et al. 2014), and in Washington using SNPs 
(Small et al. 2015).  Sato et al. (2014) reported the presence 
of eight regional groups of chum salmon in Japan, with six 
groups in Hokkaido and two groups in Honshu.  Using 10 
microsatellite loci, Chen et al. (2005) detected two groups 
of chum salmon in northwest China.  Small et al. (2015) 
reported that similar to the genetic patterns detected with 
microsatellites and allozymes, genetic variation with SNPs 
followed a regional structure along geographic distance, 
with genetic diversity being highest in the north and de-
creasing southward, then increasing in and near the Colum-
bia River.  Within Puget Sound, Washington, genetic vari-
ation was structured further according to run timing (fall, 
summer, and winter) and shared ancestry.

Asian and North American chum salmon stocks mix 
frequently in offshore waters especially after the first year 
of ocean life.  Pacific Rim genetic baselines have been used 
to estimate the stock composition of chum salmon caught 
in the Bering Sea and North Pacific during summer and fall 
(Kondzela et al. 2009, 2016a, b; Moriya et al. 2009; Sato et 
al. 2009a; Urawa et al. 2009), and in subarctic waters and the 
Gulf of Alaska during winter (Sato et al. 2006, 2007; Bea-
cham et al. 2009b; McCraney et al. 2012; Urawa et al. 2016).  
These genetic analyses have contributed to estimating the 
stock-specific distribution and abundance of chum salmon in 
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Chinook salmon by microsatellite analysis (Van Doornik et 
al. 2011; Moran et al. 2013; Teel et al. 2015).   Teel et al. 
(2015) developed a coast- wide microsatellite baseline to in-
vestigate stock-specific distributions of juveniles occupying 
coastal habitats extending from coastal Oregon to northern 
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reported that the southern population, including Sakhalin 
stock, was dominant (58%), followed by the northern popu-
lation (24%; west Kamchatka and north Okhotsk Sea stocks) 
and the Amur/Primorye population (17%).

Disk Tag and Data Storage Tag Recoveries

The NPAFC database of disk tag recoveries has 
been summarized (NPAFC Secretariat 2012) and will be 
publically available at the NPAFC web site.  These data on 
known ocean distributions of juvenile, immature, and matur-
ing salmon and steelhead are a valuable resource to examine 
changes in ocean distributions.  

Data storage tag (DST) tagging experiments on high 
seas salmon and steelhead trout from the late 1990s to the 
late 2000s were conducted by the High Seas Salmon Re-
search Program of the University of Washington.  Various 
electronic tags recorded information such as water tempera-
ture, depth, and conductivity experienced by the salmon 
during its movements and migrations at sea.  The High Seas 
Research Program provided the DST data files to NPAFC, 
and these files are available for download (NPAFC Secretar-
iat 2014).  Although some tags did not successfully complete 
their data mission, a total of 92 DSTs was recovered from 38 
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ment of genetic baselines encompassing the species range 
of Chinook, coho, chum, sockeye, pink salmon (odd- and 
even-year), and steelhead trout.  High-quality marker devel-
opment will continue to be important for accurate delinea-
tion of stocks.  Such baselines are critical to inform our un-
derstanding of stock composition collected on the high seas 
and to improve migration models.  Refinements in models 
will come from future studies that include development of 
the following: (1) higher throughput genotyping methods for 
stock composition analysis, potentially taking advantage of 
next generation DNA sequencing methodologies; (2) paren-
tal-based tagging methods for identifying hatchery stocks; 
and (3) additional statistical protocols for the analysis of 
fisheries stock composition data.  

FORECASTING SALMONID PRODUCTION AND 
LINKED ECOSYSTEMS IN A CHANGING CLI
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Annual timing of adult Yukon River Chinook salmon exiting 
the marine environment and entering the Yukon River was 
related to modelled sea surface temperature, air temperature, 
and sea-ice cover within the north-eastern Bering Sea where 
the best linear model explained 59% of the annual variability 
in migratory timing (Mundy and Evenson 2011).  The model 
suggests that changes in phenology of high-latitude Chinook 
salmon could occur in response to global warming.  The 13-
year time series of late summer integrated ecosystem sur-
veys in the northern Bering Sea (BASIS) have also provided 
a wealth of information on juvenile Yukon River Chinook 
salmon ecology (Murphy et al. in press).  Foremost, the sur-
face trawl catch data, mixed layer depth adjustments, and 
genetic stock mixtures have been used to estimate juvenile 
abundance of Canadian-origin Yukon River Chinook salmon 
in the northern Bering Sea.  This combination of information 
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