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Newsletter

New Year Message from the President

G

reetings from Korea! I am hopeful that all of
you are fine and safe from COVID-19, and I
am glad to say that I haven’t heard any bad
news on the propagation of the disease within the
NPAFC society.
In my New Year’s message last year, I expressed
high expectations of our annual meeting and the
third NPAFC-IYS Workshop in Hakodate, Japan to
be held in May 2020. Unfortunately, the COVID-19
pandemic brought us into a chaotic situation,
and our planned activity could be conducted only
partially. The travel restriction measures taken by
member nations prevented us from holding a faceto-face meeting. Therefore, all Parties officially
supported a transferring of the 2020 Annual Meeting
into a virtual e-mail format, and a document

detailing the virtual e-mail meeting procedures was
developed and agreed upon unanimously on April
3, 2020. Even though the NPAFC experienced this
e-mail meeting format in 2013, a decision along
with comprehensive discussion regarding important
issues was postponed for one year. Also, many of
us were exhausted after the meeting due to its long
duration from mid-May to mid-June. Although we
were in a desperate circumstance, the Commission
made several important decisions, including a oneyear extension of the current terms of Officers and
the Executive Director, the conservation measures to
assess and minimize salmon bycatch in large-scale
pelagic fisheries in the northwestern Pacific, and
the extension of the current NPAFC Science Plan to
2022. All delegation members from the Committee
on Scientific Research and Statistics (CSRS),
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Committee on Enforcement (ENFO),and Committee
on Finance and Administration (F&A), and members
of the Secretariat did their best to cope with the
awkward situation, and they managed to make it so
successful. In this regard, on behalf of the NPAFC,
I am giving all of you my congratulations and
expressing my thankfulness.
Considering the propagation of COVID-19, the
International Year of the Salmon (IYS) team had a
milestone achievement in 2020. The IYS Working
Group and the North Pacific Steering Committee
meetings were held in February, and the second
international Gulf of Alaska expedition using
chartered F/V Pacific Legacy No. 1 was carried out
from March through April. Forty-nine stations and
52 trawl sets were completed in the survey area
that mostly covered the southern part of our 2019
survey. Due to COVID-19, the Pan-Pacific Research
Expedition was postponed until 2022, and the U.S.
North Pacific Research Board officially confirmed
that they granted USD 350,000 to the high seas
expedition budget to charter a research vessel.
Furthermore, the North Pacific Fisheries Commission
(NPFC) Scientific Committee endorsed sciencerelated items of the five-year implementation plan
to the Memorandum of Cooperation and decided to
contribute USD 10,000 from their budget to the PanPacific high seas research expedition fund.
The Joint Patrol Schedule Meeting was held by
e-mail in April, and a combined Joint Scheme of
Patrolling of the NPAFC Convention Area for 2020
was adopted based on national patrol plans. Japan
and Russia actively participated in biweekly e-mail
ENFO conferences by providing regular patrol
outcome updates. Nine conferences have been held
to date. Canada and the U.S. provided summary
information on their patrol activities in 2020. No IUU
driftnet vessel was sighted or apprehended in 2020.
The NPAFC participated in international and
regional partner organizations’ meetings using web
opportunities last year. These meetings included
the 37th NASCO Annual Meeting in June, 42nd NAFO
Annual Meeting in September, PICES Annual Meeting
in October, and the 5th NPFC Science Committee
meeting in November. PowerPoint presentations on
collaboration issues were presented and I appreciate
the NPAFC observers who attended those meetings.

In recent years, the production of Pacific salmon
has maintained a historic-high level, reaching about
900 thousand to over one million metric tonnes
(mt). However, it was reported that there was a
significant decline last year. Total Pacific salmon
harvest was slightly above 600 mt in 2020, and this
is the smallest annual harvest since 1988. We don’t
know what processes affect the annual fluctuation
of salmon production. Therefore, it becomes an
urgent issue to identify the controlling factors for
salmon survival. The Russian Government and
scientists proposed to hold an international online
conference on Changes in the Number, the Status
of Stocks and Artificial Restocking of Pacific Salmon
in the North Pacific in February 2021 to improve
our understanding on this issue. I appreciate their
initiative, particularly Dr. Vladimir Belyaev, and wish
to see an active exchange of opinion and information
for productive outputs.
We have new family members in 2020. Camille
Jasinski joined as the IYS Public Relations &
Communications Coordinator in January, and two
new interns, Minje Choi (ROK) and Andrew Chin
(USA) started their duty last winter. We welcome all
of you to our NPAFC family.
Due to the ongoing COVID-19 pandemic, we
have experienced a most unpleasant situation.
On the other hand, this pandemic provides an
opportunity for new thinking on how we organize the
annual meeting efficiently in the future. We are in
a transition from traditional to a more digitized and
high-technology society. Discussions on the format
of this year’s annual meeting are underway, and we
hope to reach a wise conclusion soon.
In closing, I should say that it has been my honor
and privilege to serve as the NPAFC President for
the last three years. I have observed substantial
progress in IYS activities and the establishment of
collaboration with other international organizations
during this period. I appreciate all members who
have supported the Secretariat and Officers for
NPAFC business. I would like to also express my
deepest thanks to all Committee Chairpersons who
accepted the extension of their service period for
one additional year. See you at our annual meeting
in May!

Skyline of downtown Vancouver, Canada. Photo Credit: Thomas Quine, CC BY 2.0 <https://creativecommons.org/licenses/by/2.0>, via Wikimedia
Commons
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Science

Biological Monitoring of Puget Sound
Chinook in Response to the 2013–
2016 Eastern Pacific Marine Heat
Wave

By Andrew Chin
2020 NPAFC Intern

I

n Washington State, USA, Chinook salmon
(Oncorhynchus tshawytscha) are the number
one priority species for salmon recovery,
especially in Puget Sound, a large estuarine
system situated in the southern end of the Salish
Sea with a large complex of inlets, fjords, and
basins (Kruckeberg 1991). Chinook are important
ecological, commerical, recreational, and cultural
focal point for the region. However, they are
considered a Threatened population by the
Endangered Species Act (ESA) and are an important
food source for another ESA-listed population in
Puget Sound, the southern resident killer whale
(SRKW) (Orcinus orca), especially in the fall
and winter (Ford et al. 2016). These conflicting
objectives of a Threatened harvested species
that also supports another Endangered species
make Chinook salmon management a difficult, yet
pressing task. As a result, they are the main subject
of Washington State’s salmon recovery efforts.

Andrew Chin was
born and raised in
Seattle, Washington,
where he developed a
fascination with fish at
an early age. Andrew
earned two bachelor's
degrees at the University
of Washington (UW) in
spring 2020, majoring in
Aquatic and Fisheries Science and Marine Biology.
While at the UW, Andrew worked in the lab on
Dolly Varden life history and at sea on plankton
ecology in the equatorial Pacific and Northern
California Current. Most recently, Andrew worked
as a fish passage technician with Washington
Department of Fish and Wildlife. During his
free time, Andrew enjoys being on the water, a
mountain, or a bike path.

Over 150 Indigenous tribes and bands around the
region have harvested salmon for at least 12,000
years (Watson 1999) and formed important cultural
and spiritual connections to annual runs while
sustainably harvesting them (Atlas et al. 2020).
However, since Europeans colonized the Pacific
Northwest, a combination of rapid, unregulated
industrial fishing, hydropower, and land development
has rapidly depleted salmon stocks to a fraction of
their estimated historical levels (Lichatowich 1999,
Figure 1).
Out of all salmonid species in Puget Sound,
Chinook salmon exhibit the most diversity in life
history strategies. These life histories lie along a
continuum of habitat use, movement patterns from
their natal stream to the Pacific Ocean, and other
behaviors. Sub-yearling Chinook salmon exhibit four
different life histories: fry migrants, estuary type,
sub-yearling stream, and yearling stream type.
These early life histories describe a continuum of
days, up to a year, spent in freshwater, estuaries,
and nearshore marine habitats (Fresh 2006),
athough Chinook typically migrate out to estuaries
in their first year (NOAA 2007; Weitkamp et al.

Figure 1. Historical estimates (1800s) of Puget Sound
Chinook compared to the geometric mean of spawners
from 2000–2004. Historic estimates were derived from an
Ecosystem Diagnostic Treatment (EDT) model that calculates
salmon production based on size and quality of historical
habitat capacity. Figure retrieved from NOAA (2007).
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usually conducted by small tonnage purse seines,
though gillnet and set net tenders are common in
both commercial and tribal fisheries. In addition,
reef nets, an Indigenous fishing gear, are deployed
off Lummi Island and the San Juan Islands as a
commercial and subsistence fishery (Atlas et al.
2020). The most up-to-date accounting of nontribal
catch value in Washington was is 2006, where 11
million pounds of salmon worth US$ 9.5 million
were caught in Washington waters, accounting for
10.1% of total commercial landings in Washington.
The recreational fishery is even more valuable with
a net value of US$ 129 million, including the price
of vessels, lodging, fuel, and gear (TCW Economics
2008).

Satellite view of Puget Sound, taken by the
Sentinel-2 satellite in 2018.

2014). Otolith analysis has found that juveniles
often migrate between freshwater and estuarine
habitats throughout their rearing period (Beamer
et al. 2000). In addition, juvenile Chinook can rear
in small, non-natal streams and estuaries (Beamer
et al. 2013). This flexibility in rearing patterns may
help Chinook salmon achieve a balance between
rapid growth and survival in early life stages, which
increases the likelihood of marine survival.
Chinook salmon have a variable age at maturity,
and a significant portion may stay within the Salish
Sea through their subadult stage (Riddell et al.
2018). Most Chinook mature at age four, with
three winters at sea, but this ranges between ages
three to five (Quinn 2018). The onset of upstream
migration begins in the spring and continues
through the fall. The spring run, or “brights,” so
called because they are still silver colored, enter
while they are immature and rest in large pools
over the summer, while the fall runs enter when
they are mature and spawn shortly after. The spring
and fall runs are genetically distinct from each
other (Thompson et al. 2020). There are 22 distinct
populations of Chinook in Puget Sound, though up
to 30–37 may have existed historically (Ruckelshaus
et al. 2006), and the spring run Chinook populations
are the most vulnerable due to extensive loss of
upland habitat.
The diverse populations of both salmon and
people in the region make Puget Sound salmon
management an extremely complex affair. Salmon
in Puget Sound are subject to tribal, commercial,
and recreational fisheries. Commercial fisheries are

Washington State salmon fisheries are not
federally regulated by the National Marine Fisheries
Service (NMFS). Instead, salmon are co-managed
by the Washington Department of Fish and Wildlife
(WDFW) and the 17 Puget Sound Native American
tribes. This arrangement stems from treaties
signed between 1850–1854 when Washington was
incorporated into the United States. The scope
of these treaties were later defined by the U.S.
judicial system to mean that tribes were entitled
to keep up to 50% of the total harvest. The Puget
Sound Management Plan was created based on this
decision and is the basis for co-management of
salmon between WDFW and the tribes. It outlines
the management objectives, actions, and harvest
estimation of both parties “to ensure [salmon
populations’] perpetual existence and maximize
the benefits derived from their protection” (Puget
Sound Salmon Management Plan 1985). It ensures
sufficient escapement to each population unit and
a maximum sustainable harvest. The management
plan was renewed in 2010 and 2017 to focus on
Chinook salmon, a priority species (Puget Sound
Indian Tribes and Washington State Department of
Fish and Wildlife 2010, 2017). WDFW manages the
non-tribal commercial and recreational allocation.
The tribes, through the Northwest Indian Fisheries
Commission (NWIFC) independently assess and
manage their own harvest (NWIFC 2020).
Ever since Puget Sound Chinook were added
to the ESA in 1999, NMFS reviewed the comanagement plans and implemented a shared Puget
Sound Recovery Plan for the ESA-listed stocks of
Chinook, steelhead (O. mykiss), and summer run
chum (O. keta) (NOAA 2007). This recovery plan
identifies self-contained populations and outlines
recovery thresholds of abundance, productivity,
diversity, and spatial structure. Focus was placed
on freshwater habitat and rehabilitation, harvest
allocation, and the effects of hatcheries (NOAA
2007), which all pose huge problems to salmon;
however, the broader context of saltwater phases in
these initial plans are mostly ignored.
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In winter 2013, an anomalous warm mass of
surface water began to form in the Gulf of Alaska.
The anomaly gathered strength through the
beginning of 2014 and then, during summer, moved
eastward into the coastal waters of Washington
State and British Columbia (B.C.). This marine heat
wave—also known as “the Blob”—began to make its
way north along the continental shelf into northern
B.C. and S.E. Alaskan waters (Bond et al. 2015).
This Blob then coincided with an El Niño Southern
Oscillation (ENSO) in 2015/16, which further
exacerbated sea surface temperatures (Gentemann
et al. 2017) and caused widespread changes in
productivity and zooplankton communities. This
event also caused bottom-up changes in Gulf of
Alaska groundfish fisheries (Laurel and Rogers 2020)
and the California Current (Morgan et al. 2019).
However, aside from yearly forecasts and incidental
study, there has been no study relating this marine
heat wave to Puget Sound salmon, which provides
a unique opportunity to test how ocean conditions
affect the critical first year at sea.
This article will report on the changes in Puget
Sound Chinook abundance from 1970–2019. This
article will loosely follow the methods of Losee et
al. (2019) and Buehrens and Kendall (2020), who
examined multidecadal trends of Puget Sound
salmon abundance and productivity. In addition,
the population response of Chinook salmon to other
co-occurring salmonids in Puget Sound during the
marine heat wave (2016–2019) will be compared
and interpreted using general life history traits.
Examining these additional years will demonstrate
the importance of using salmon life history and
climatic processes to determine challenges to
population persistence.
Methods
Data were accessed from the Salmon Data
Hub created by the Washington State Governor’s
Salmon Recovery Office (https://salmon-wa-rco.
opendata.arcgis.com). Additional information on
Washington State salmon stocks can be found at
the Recovery Board’s State of the Salmon website
(https://stateofsalmon.wa.gov). Data analysis and
graphing was conducted in R. All returning Chinook
spawners were plotted, differentiating between wild
and hatchery fish (Figure 2). Composite counts
combine all fish regardless of origin. Spawning
fish are enumerated using a variety of methods,
such as stream surveys, trap counts, and remote
counting via camera or sonar. These estimates are
then expanded to areas not surveyed. Returning
spawners per year were plotted by life history
(Figure 3). In addition, hatchery composition of
Chinook spawning runs through time were compared
(Figure 4).

Figure 2. Spawner data for each species and life history type.
Data left of the blue dashed line are additional data from
2016–2019. 2019 are considered incomplete.

Figure 3. Adult spawner abundance of spring and summer/fall
run Chinook from 1970 to 2019. Data left of the blue dashed
line are additional data from 2016–2019.The y-axis on the left
graph has a range tenfold lower than the graph on the right.

Figure 4. Changes in the proportion of natural and hatcheryproduced Chinook adult spawners over time.
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Table 1. Comparison of the geometric mean of Puget Sound spawning salmon during (2014–2016),
and after (2017–2019) heat wave compared to a 14 year geometric mean (2000–2013).
Species

2000–2013
Baseline

During Blob
(2014–2016)

% Change
(2014–2016)

After Blob
(2017–2019)

% Change
(2017–2019)

34,866

33,160

-4.89

21,735

-37.66

226,258

61,556

-72.79

54,085

-76.10

7,224

1,298

-82.03

1,276

-82.33

Chum

467,936

347,059

-25.83

127,492

-72.75

Pink

134,736

1,013

-99.25

306,517

127.49

1,573,017

843,576

-46.37

534,013

-66.05

Chinook
Coho
Sockeye

All

To test for population response to the marine
heat wave, we compared spawner runs before,
during, and after the heat wave. The geometric
mean from 2013–2016 and 2017–2019 were
calculated for all species and compared to the
geometric mean from 2000–2013 (Table 1).
Results
Spring runs are the most heavily impacted by
fishing and upland development (Myers et al. 1998),
so their abundance is an order of magnitude lower
than fall Chinook. Both spring and fall run Chinook
spawner populations have remained fairly static
over the past decade. Buehrens and Kendall (2020)
found that Chinook salmon populations have only
increased by 1% since being listed. Only the Skagit
and Green/Duwamish populations have exceeded
10,000 fish over a five-year period. Most populations
have been buoyed by hatchery production,
especially for spring-run fish. In some major
systems, hatchery fish make up a significant portion
of returning spawners, and hatchery fish make up
the majority of spawners. However, the Skagit and
its tributaries, the Sauk, Suiattle, and Cascade
rivers, have little to no hatchery contribution (NOAA
2007).
While productivity has improved from a 1.1%
decline at initial assessment (Myers et al. 1998) to
relative stability (NMFS-WCR 2016), populationspecific production remains low and are obscured
by hatchery-origin straying and escapement, as
modeled recruitment of wild Chinook are declining
since 1970 while hatchery fish survival is increasing
during the same period (Losee et al. 2019). No
wild populations have meet recovery goals and wild
Chinook populations remain in crisis.
Chinook spawners did not decline as much
compared to other species during the marine heat
wave (-4.89%), but 2017–2019 populations were
37.66% lower than the 14 year baseline (Table 1).
Chum had a similar pattern but had a much more
dramatic population response. Pink salmon declined
by 99% during the heat wave, but doubled after the

heat wave. Coho and sockeye salmon had a much
smaller response. Chinook populations, having an
older and more variable age structure, appear to
have a slower response to the heat wave compared
to species with oceanic distributions, such as chum,
or pink salmon, which have an oceanic disitribution
and a short, rigid age structure.
Discussion
This article detailed the multidecadal trends of
Puget Sound Chinook abundance and productivity,
and found partial evidence that the marine heat
wave of 2013–2016 had a strong effect on spawner
returns. However, the lag time of the event to
observed declines were different between species,
depending on the interaction of the species’ first
year at sea and age structure with the heat wave.
This is consistent with the critical size-period
hypothesis of how early marine growth in the first
year at sea influences the returning abundance
of salmon (Beamish and Mahnken 2001). Further
investigation of productivity and additional
abundance data in the next few years are needed to
fully understand the heat wave’s impact.
Chinook salmon did not decline during the
heat wave and appear to have a lagged effect in
spawner abundance. On the other hand, pink and
chum greatly decreased. These differences are
hypothesized to be based on spawner age structure
and the critical life stage that encountered elevated
temperatures. Declines may not have occurred
during the heat wave since the returning fish had
passed the critical bottleneck of surviving first
year at sea (Beamish and Mahnken 2001). There
is strong evidence that achieving a large size
(>17 g/120 mm) by mid-summer is an important
predictor of Chinook survival to maturation (Duffy
and Beauchamp 2011). On the other hand, fish
returning in 2019 would have spent their first
summer at sea between 2014–2016 during
the marine heat wave when prey abundances
were reduced, affecting initial marine growth
and subsequent survival (Connelly et al. 2018).
Sampling in U.S. and Canadian coastal waters found
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that Chinook yearlings declined significantly during
the heat wave (Chandler et al. 2016; Morgan et al.
2019).
Regardless of life history type, nearly all
Chinook spend their first summer within Puget
Sound, so oceanic conditions within the sound are
closely linked to the survival of Chinook. Ruff et
al. (2017), examining the coherence of survival
rates among Chinook populations, found that Salish
Sea (including Puget Sound) populations have
greater inter-population variability compared to
other groupings. Additionally, lagged time series
analysis found that while climate drivers at all
spatial scales factored into Chinook salmon survival
and recruitment, the most significant spatial scale
was local ocean conditions during the outmigration
of smolts to marine rearing areas (Sharma et al.
2012). Localized responses may continue to play
a larger role, as the relationship between major
climate indices and Pacific salmon production are
non-stationary and are increasingly decoupled due
to climate forcing (Kilduff et al. 2015; Litzow et al.
2020).
Large scale marine heat waves and their wideranging ecological effects are likely to become more
common in the future (Joh and Di Lorenzo 2017),
coupled with long-term effects from climate change.
Loss of thermal habitat in the North Pacific Ocean is
expected to decline by at least 30% for most salmon
species, but up to 86% for Chinook salmon (Aziz et
al. 2011). In addition, the nearshore environment
young smolts rely on may change dramatically. The
heated seawater lingered in the Salish Sea up to
two years after the heat wave (Jackson et al. 2018).
It is likely that the anomalies experienced during
the heat wave and the resulting individual and
population-level effects, will recur more frequently
as the climate continues to change (Crozier et al.
2008). Continuing to understand the effects of
oceanographic and climate change from the Pacific
Ocean on Puget Sound Chinook salmon survival is
valuable. This includes continued at-sea sampling
and studies on environmental correlates of growth
and survival (Beamish et al. 2004) and food web
interactions (Kemp et al. 2013; Chamberlin et al.
2017).

Limitations
This analysis is very coarse and the hypothesized
length of the effect is not calculated. In addition,
using spawner data may confound marine processes
with mortality that occurs after entering freshwater
but prior to spawning, which can be significant
(Beechie et al. 2006). However, this provides
partial evidence for the resilience for a diverse age
structure during pulsed events like the Blob. The
declines of Chinook are steepening two years postBlob (2018–2019), so the response magnitude is
not fully accounted for. Because of this lag time of
3–5 years, returns may be low in 2020 and continue
to decline through 2021 and 2022. These declines
may be extended by a smaller heat wave in 2019.
In addition, coho and sockeye did not have highly
variable declines between year ranges, which
suggests that population declines are attributed to a
different process during their life histories.
Other indirect effects of the marine heat wave
include reduced peak flows and low and warm
summer flows (Steel et al. 2019) which could have
impacted freshwater survival during the rearing
stage. Many other factors, such as increased
competition between hatchery salmon (Rice et al.
2011) (Figure 4) or marine forage fish (Kemp et
al. 2013), marine predation (Chasco et al. 2016),
or disease and contamination (Meador 2014) could
have impacted populations during this period.
Therefore, it is necessary to integrate these threats
across the life cycle of Puget Sound Chinook and
determine the most pressing, and most effective,
management action.
The different mechanisms for salmon mortality
and risk across habitats have been identified and
quantified by many studies (Figure 5). To properly
identify the mortality dynamics of Chinook, all these
risk factors must be integrated with each other.
Quantitative approaches (Ohlberger et al. 2016;
Scheuerell et al. 2021) and conceptual frameworks
have sought to understand the population
bottlenecks that face salmon across their many
habitats. However, these models or frameworks may
not focus on the proper spatial scale, which may not

Figure 5. Graphic depicting major risk factors in Puget Sound salmon recovery. Accessed at https://
stateofsalmon.wa.gov/executive-summary/challenges/.
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be useful to managers, because they are often stock
or system-specific. In addition, these tools may not
account for uncertainties associated with climate
change and ecological responses to the climate
(Schindler et al. 2008).
Reconsciling these approaches requires an
expansive framework that identifies mortality
processes across spatial scales, the management
actions that can be taken to address it, and then
contexualizes these actions with other processes
within a salmon’s life history quantitatively. Recent
examples include NOAA’s transition to an ecosystembased management of Pacific salmon (Wells et al.
2020) and the Likely Suspects Framework (Crozier
et al. 2018). These larger frameworks can identify
key risks for salmon and guide research and

monitoring. This approach does not necessitate
large models inclusive of all regional dynamics, but
rather a focused toolbox of models and data that
can be useful for rapid assessment. In particular,
The Likely Suspects Framework is being taken up
by the International Year of the Salmon through a
series of workshops with managers and scientists.
These workshops will use salmon life history
modeling to 1. Identify key mortality processes,
management actions, and associated uncertainty;
2. Provide the data, assessment, and modeling tools
to determine these processes; and 3. Communicate
these results in a user-friendly way. In addition, this
framework must provide a way to frame questions
about salmon survival at the spatial scale of interest
and management goals, whether at the system,
regional, or ocean-scale.

Pink salmon. Photo credit: Eiko Jones
Photography

Coho salmon. Photo credit: Eiko Jones
Photography
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Science

Amur River Basin and Its Pacific
Salmon
By Albina Kanzeparova, Pacific Branch of VNIRO (TINRO)
and Sergey Zolotukhin, Khabarovsk Branch of VNIRO (KhabarovskNIRO)

Albina Kanzeparova was
born in Perm, Russia. After
graduating from Perm State
University as a specialist in
ichthyology, she moved to the
Russian Far East and worked
as a fishery scientist at the
Khabarovsk Branch of VNIRO (KhabarovskNIRO) from
2005 to 2016. Her research scope included Pacific
salmon biology, stock assessment and forecasting
of major salmon stocks in the rivers which pour into
the northwestern part of the Sea of Okhotsk. Every
year she spent several months in the wild counting
salmon during downstream and spawning migrations.
In 2017, Albina decided move to Vladivostok, Russia
to study salmon marine ecology. Since 2017, she has
worked as research scientist at the Pacific Branch of
the Russian Federal Research Institute of Fisheries
and Oceanography (TINRO). She obtained her PhD in
2019 working on the freshwater ecology of the main
salmon stocks within the northwestern Okhotsk Sea
basin. At TINRO she has been doing stock assessment
and salmon forecasting on a large scale. She regularly
takes part in high-seas surveys to conduct salmon
counts and she has participated in more than six
complex expeditions that covered almost all the Far
Eastern seas (Sea of Okhotsk and Bering Sea) and
the Pacific Ocean from the Kuril Islands to the Gulf
of Alaska. In 2019–2020, Albina participated in the
International Year of the Salmon (IYS) expeditions in
the Gulf of Alaska. The purpose of her current study is
to understand the mechanisms and identify the factors
that affect the abundance of Pacific salmon.

Basin Geography

T

he source of the longest tributary of the
Amur River is located in Mongolia. The total
Amur basin area is 1,855,000 km2, including
1,003,000 km2 within the Russian Federation,
820,000 km2 in China, 32,000 km2 in Mongolia,
and 60 km2 in North Korea. At a maximum length
of 5,052 km from its source of the Kerulen River,
water travels through Dalainor Lake and the Argun
River to the confluence of the Shilka and Argun
rivers, which form the source of the Amur River. The

Sergey Zolotukhin
began working at TINRO
as a marine hydrobiologist.
Starting in 1970, he has
studied cephalopod stocks
while participating in TINRO
marine expeditions off the
Russian EEZ, the Sea of
Okhotsk, and the North
Pacific Ocean to the waters of New Zealand and
Antarctica. He graduated from the technical scientific
Institute of fisheries in Vladivostok. Since 1975, he
has worked at the Institute of Marine Biology of the
Russian Academy of Sciences, studying sockeye
salmon reproduction in the Kamchatka River. Since
1984, he has studied chum salmon, masou, and pink
salmon spawning rivers on the Russian Far East coast.
He obtained a PhD degree in biology with dissertation
work titled "Salmonid’s fish spawning grounds along
Sea of Japan coastal rivers." Since 1998, Sergey has
been working in Khabarovsk studying Amur River
and coastal rivers Pacific salmon stocks and their
reproduction. Every year, he participates in field trips,
counting pink salmon and chum salmon in the rivers of
the northwestern part of the Sea of Okhotsk. Sergey
authors forecasts on Pacific salmon abundance for
industrial fishing. He is an author of 11 books and
about 100 scientific publications on pink, chum, masou
salmon, taimen and lenok trout, and other salmonids
in the rivers of the Russian Far East.

Amur River holds tenth place among the longest
rivers of the entire planet, and in the Northern
hemisphere—fourth place after the Yangtze,
Mississippi and Mackenzie rivers. But, by basin area
(1,855 thousand km2) in Russia, only the great
Siberian rivers (Yenisei, Ob, Lena) are superior. The
length of the Amur River riverbed is 2,824 km from
the confluence of the Shilka and Argun rivers to its
confluence with the Amur estuary (Figure 1). The
Amur River flows into the Sea of Okhotsk, which is
smaller in area (1,600 thousand km2) than the Amur
River basin (Zolotukhin and Kanzeparova 2019).
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Rivers of the upper Amur basin have deep-cut
terraced valleys which are characterized by steep
slopes, active transport of alluvial deposits, and
an abundance of underground water outlets in the
form of springs (Figure 2). Rivers of the lower Amur
basin that flow through wide, poorly cut valleys,
are characterized by stable accumulation of alluvial
deposits and occurrences of hyporheic underground
waters (Figure 3) (Makhinov 2006; Zolotukhin and
Makhinov 2010).
Ichthyofauna
The Amur River is an ancient basin that had
many introductions of both Subtropical and Arctic
fish with climate changes. One hundred twenty-six
species of fish and two species of lamprey have been
recorded in the Amur River basin (Novomodny 2013)
and the most represented families in the Amur are
cyprinids (34 genera and 48 species) and salmonids
(4 genera and 7 species) (Chereshnev 1998).
Amur sturgeon and Kaluga sturgeon have been
preserved since pre-glacial times. Among residential
salmonids, the Amur River ichthyofauna is typified
by the sharp-nose and blunt-nose lenok trouts and
Siberian taimen, which are distributed over most of
the basin. In the Pleistocene, Arctic fish appeared
in the Amur River: burbot, whitefish, Dolly Varden
char and grayling. At a later time, the anadromous
Dolly Varden char disappeared, but its residential
form still lives in the upper reaches of some rivers
in the ultra-cold zone. L. Berg (1909) characterized
the fauna of the Amur River province as largely relict
precisely because of the comparative abundance
of species preserved from the pre-glacial period.
Currently, the Amur River basin has the largest fish
species diversity among all Russian rivers.
Migration Pathway and Spawning Grounds

Figure 1. Amur River basin. Photo Credit: E. Yegidarev, WWF

Figure 2. Fall chum spawning grounds supplied by
underwater springs in winter, Gur River. 2017.
Photo Credit: S. Zolotukhin

Historical data from Lev Berg and other biologists
indicated the frequency of chum salmon run
occurrence in the Argun River: "Argun River below
Tsurukhaitui—rare; mouth of the Argun river and
the Urov River—often" (Berg 1932). Consequently,
in the 19th century, a spawning run of chum salmon
was recorded 3,427 km from the mouth of the Amur
River. It is near 1,000 km further upstream than
spawning grounds in the Yukon River, for example.
To date, estimates of total Pacific salmon
spawning area within the Russian Federation are
as follows: pink salmon 5,635 million m2, summer
chum salmon 5,713 million m2 and fall chum salmon
9,502 million m2 (Zolotukhin 2018).
There are two fall chum salmon groups located
within an area of 800–1,200 km upstream of the
mouth of the Amur River. In the Bira, Bidzhan,

Figure 3. Summer chum hyporheic spawning grounds in
October, Duki River. 2017. Photo Credit: S. Zolotukhin
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Ussuri, Kur and Urmi (Tunguska), and Anui rivers,
almost all chum salmon spawning grounds are
supplied with water from orthofluvial springs. The
share of fall chum salmon spawning grounds with
orthofluvial waters (springs) in this area is about
95%, and the share with parafluvial (hyporheic)
waters is 5%.
Four groups of chum salmon are noted in the
Lower Amur River within 500 km of the Amur River
mouth. Judging by the area of the Amur River
spawning grounds, about 70% of pink salmon, 65%
of summer chum salmon, and about 20% of fall
Amur River chum salmon reproduce here (Figure
4). Both river and lake fall chum spawning grounds
are supplied with approximately 95% parafluvial
waters and 5% orthofluvial waters (springs). For
example, at the bottom of Chlya Lake, large areas
are occupied by spring water outlets where fall lake
chum salmon spawn until December. With respect
to summer chum salmon, 100% of their spawning
grounds are supplied with parafluvial water.
Amur River pink salmon have two populations—
groups of even and odd years. Their spawning areas

Figure 4. Amur River fall chum spawning grounds, Amgun
River. Photo Credit: S. Zolotukhin

are similar and occupy the lower part of the basin no
more than 500 km up from the Amur River mouth.
There is a single population of masou salmon in
the Amur River and its spawning range is similar to
that of pink salmon.
Run Timing
Pacific salmon runs at the Amur River mouth
(Figure 5) begin in May with masou salmon, followed
by pink salmon. All four groups of chum salmon
have different spawning migration timings and
spawning periods (Table 1). Therefore, the runs of
all Pacific salmon species in the Amur River last six
months, from May to October.
Body Size
Amur River chum salmon are periodically
identified with maximum body size. When
speaking with several fishermen, they recalled
how in the Amur River estuary (in 2016) they were
photographed with 22- and 24-kilogram specimens
of fall chum salmon, but they could not find photos.

Figure 5. Mouth of the Amur River and Nikolaevsk-na-Amure
city. Photo Credit: S. Zolotukhin

Table 1. Timing of run and spawning for various groups of Pacific salmon in the Amur River.
Group

Migration through the Amur River mouth

Spawning

Masou salmon

Late May–July

August

Pink salmon of even years

Late June–July

Late July–August

Pink salmon of odd years

Late June–July

Late July–August

September

September

Late June–July

Late July–August

Fall chum salmon of spring
(orthofluvial) waters in rivers

Late August–early October

September–November;
individuals to December

Fall chum salmon of spring
(orthofluvial) waters in lakes

October

Late October–November

Fall chum salmon of parafluvial
(hyporheic) waters in rivers
Summer chum salmon of parafluvial
(hyporheic) waters in rivers

Page 12 | NPAFC Newsletter No. 49 |February 2021

Figure 6. Summer chum salmon of the Amur River. The
average body length АС and weight of males with 3+ age,
1963–2016.

Figure 7. Fall chum salmon of the Amur River. The average
body length АС and body weight of males with 3+ age,
1962–2016.

Figure 8. The average body length АС and weight of pink salmon males of the Amur River in odd and even years, 1957–2016.

In the 1940s, Amur River Pacific salmon were at
their lowest recorded size. In 1941, the body length
modal group of Amur River summer chum salmon
was only 52.0 cm, and the body weight modal
group was 2.0 kg (Figure 6). Extreme values, body
weight for example, are recorded in summer chum
salmon—differing from 1.0 to 4.0 kg, a 4-times
difference. Fall chum salmon (Figure 7) undergo
much more growth than summer chum salmon. In
1947, the body length modal group of fall chum was
12 cm more than summer chum, and the modal
groups according to body weight—more than 1.5
kg. The maximum weight (9.5 kg) of Amur River fall
chum salmon in 1947 was almost 10-times greater
than the minimum weight (1.0 kg) (Zolotukhin and
Kanzeparova 2019).
The long-term series of dynamics for both Amur
River chum salmon races has lows in the 1940s and
highs in the 1970s and 1980s.
Pink salmon body size long-term dynamics (body
length and weight) for both even and odd years
is shown by Figure 8. It appears that there is a
tendency for decreased pink salmon body size in the
Amur River.

Amur River pink and chum salmon tend to
decrease in body size (however, not always) in
the most numerous generations, while body sizes
tend to increase in the smallest generations. One
example of this is 2016, when a record catch of
pink salmon was taken in the Amur—23.1 thousand
metric tons—and it was unusually small; the
average weight of an individual was only about
0.8 kg whereas the norm is approximately 1.3 kg
(Zolotukhin and Kanzeparova 2019).
The Amur River masou salmon is much smaller in
size than its relatives in the Tatar Strait of the Sea
of Japan, where males reach a mass of 9.0 kg. Since
1957, fishing for masou salmon in the Amur River
has been prohibited. For this reason, we only have
one sample of 115 individuals from the Beshenaya
River (400 km upstream from the mouth of the
Amur River) which were measured and weighed by
TINRO’s scientist Alexander Smirnov (Zolotukhin and
Kanzeparova 2019) (Figure 9 and 10).
Pacific Salmon Hatcheries
The Russian side of the Amur River basin has five
hatcheries. China has some experimental incubators
for Pacific Salmon. Pacific Salmon farming in the
Amur basin was created according to a state plan
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Figure 9. The frequency of the Amur River masou salmon
body length (АС, cm) (%). Beshenaya River, 1939. n = 115

in "upper" Amur River hatcheries and a simplification
of the size, mass, and age structure of the Pacific
salmon populations at those hatcheries. It turned
out that the average age of breeders of hatchery
groups is significantly lower than the average age of
"wild parent" groups, for example, from the Amur
River estuary. The return rate is known to be one
of the main indicators of efficiency for hatcheries.
According to Yury Rosly (Rosly 2002) the average
long-term return coefficient for the period from 1933
to 1965 was 0.11% for the Teplovsky hatchery and
0.06 % for the Bidzhan hatchery. In the early 1990s,
the coefficient of industrial return of hatchery origin
fish was 0.06–0.35% (Probatov and Mironova 1995).
According to the fall chum salmon juveniles
count, which was conducted 100 km up from the
Amur River mouth in 1981–2015, all hatcheries
produced about 411 million juveniles (Figure 11).
In our opinion, such a small proportion of hatchery
to wild origin juveniles cannot have a significant
impact on the biological structure and number of
populations of wild Amur River chum salmon.
Mortality and Natural Return Rate

Figure 10. The frequency of the Amur River masou salmon
body weight (kg) (%). Beshenaya River, 1939. n = 115

Figure 11. Number of hatchery (fall chum only) and wild (fall
and summer) juvenile chum salmon in the Amur River basin
during 1981–2015.

and was consistently funded by the state. The
Bidzhan River hatchery (1932) is located 1,500
km upstream of the Amur River mouth, Teplovsky
(1928)—1,200 km, Anuisky (2000)—700 km,
Gursky (1967)—600 km, and Udinsky (1963)—200
km. The first problem with Amur salmon farming is
that all hatcheries are located far from the mouth of
the Amur River and a lack of fish at the uppermost
hatcheries was noted throughout the second half of
the 20th century. The lack of fish existed even though
electric barriers were installed in river channels near
hatcheries. In addition, hatchery activities in the
Amur River basin revealed a number of negative
phenomena: a decrease in the proportion of males

Among all Amur River Pacific salmon, the data
on mortality are available only for fall chum salmon.
Its feeding range in the Pacific Ocean and the Bering
Sea is very wide. Chum salmon return to the Amur
River through the straits in the southern part of the
Kuril Islands. After entering the Sea of Okhotsk,
they migrate along the Eastern coast of Sakhalin
Island and, skirting it from the North, enter the
mouth of the Amur River. This route corresponds
to the migration of young Amur River fall chum
salmon from the mouth of the Amur River to the
open Pacific Ocean. Y. Rosly (2002) estimated the
mortality of Amur River chum salmon using 182.4
million juveniles from four (1967–1970) generations
(Table 2).
Fisheries
The Russian part of the Amur River basin has
a population of about three million people, and
the Chinese part (Heilongjiang province) has a
population of about 38 million people. In Russia,
Amur River fish resources are used by commercial
fishing, Indigenous people, amateur fishermen, and
sport fishermen. The largest volume of fish is taken
by commercial fishing and their primary catch are
Pacific salmon. Fishermen use tens of set net weirs
at the mouth of the Amur River and its estuary area
(Figure 12), more than a thousand float gill nets
(tangle nets) (Figure 13), and gill nets up to 500 km
upstream of the Amur River mouth to target Pacific
salmon species.
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Table 2. Mortality rate for four generations (1967–1970) of wild fall chum salmon of the Amur River 		
(Rosly 2002).
Life history period

Millions of fish

Share, %

182.4

100

Mortality of juveniles during the migration in spawning tributaries

41.0

22.0

Mortality of juveniles during the seaward migration in the Amur River channel

10.9

6.0

112.4

62.1

13.0

7.1

Catch in the ocean

2.5

1.4

Catch in the Amur River estuary and in the Amur River channel

1.5

0.8

Released to spawning grounds and hatcheries

1.1

0.6

Number of juveniles in spawning tributaries of the Amur River

Mortality in the Amur River estuary and on the sea coast
Natural mortality in the ocean

The Indigenous people—the Nanai, Ulchi, and
Nivkh—use industrial fishing gear for fishing: about
a thousand tangle nets and gill nets. The primary
species caught are cyprinid fish and Pacific salmon
and most of this catch goes to the local markets. For
almost all amateur anglers, fishing is subsistence: it
is a source of food and food conservation for winter.
Amateur anglers predominantly catch cyprinid fish,
catfish, lenok trout, grayling and other fish. Sport
fishing on the Amur is a declarative thing. "Catch
and release" fishing is organized only in a few fishing
lodges on the lower Amur River. The TAC (Total
Allowable Catch) forecast is formed at the Research
Institute of Fisheries (KhabarovskNIRO), which was
organized in Khabarovsk in 1945.
Amur River pink salmon have a numerically
dominant population in even-numbered years. There
were two peaks of pink salmon catches in the Amur
River: in the early 20th century and in the 2010s,
with a peak in 2016 (Figure 14).

Figure 12. Set net weir (zayezdok) in the Amur River mouth.
Photo Credit: O. Shpak

As for Amur River chum stocks, there was a peak
of summer and fall chum salmon catch in the 20th
century (1907–1914), and a gradual decline until
the beginning of the 21st century (Figure 15 and
16). In 2008–2016, catches increased for both chum
salmon races. With the increase in catches, the
number of fishing gears in the Amur River estuary

Figure 14. Total catch of pink salmon in the Amur River,
1902–2020.

Figure 13. Fishermen are working with tangle nets near
mother shipboard, 150 km from the Amur River mouth. 2017.
Photo Credit: S. Zolotukhin
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Table 3. Industrial press (number of permits) on Lower Amur River and its Estuary in 2016
(Kolpakov and Kotsyuk 2019)
Catch, thousands
metric tonnes

Set net weirs +
set nets number

Beach seine
number

Gill nets
number

Tangle nets,
number

Summer chum

14.6

94

–

282

1,364

Fall chum

27.4

48

4

125

2,374

Pink

23.1

46

3

88

1,336

Figure 15. Total catch of summer chum salmon in the Amur
River, 1907–2020.

has increased, too. In 2016, the number of fishing
gears reached a very large value (Table 3).
Since 2017, there has been a sharp decline
in Amur River chum salmon catches. Currently,
summer chum salmon and pink salmon stocks are
very small. In 2019, a ban on fishing for these fish
was announced. In the last few years, fishing for
Pacific salmon in the Amur River is mainly focused
on fall chum salmon stock.

Figure 16. Total catch of fall chum salmon in the Amur River,
1907–2020.

Fall chum salmon, which migrated about 3,500
km upstream from the mouth of the Amur River in
the 19th century, do not reach the borders of China
1,000 km upstream in the 21st century. In recent
years, markets in Chinese Heilongjiang province sell
fall chum salmon purchased in Russia in the lower
Amur River, as the catches from 1,000 km up from
the Amur River mouth by Chinese fishermen are
very small.
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Science

Defining Winter Phytoplankton
Stable Isotope Dynamics in the
Central Gulf of Alaska
I.

By Moronke K. Harris
2019 NPAFC Intern

Isoscapes: An Isotopic ‘Landscape’

The biogeochemical processes in which stable
isotopes (SI) participate, and the conditions under
which those processes occur, influence the variation
experienced by SI ratios (denoted by δ) of actively
cycled elements (Bowen 2010). The result is a
spatiotemporal distribution of isotopes within the
materials of an environment that can either be: i.
predicted using a combination of modelled processes
known to affect the relative abundance of isotopes,
otherwise known as isotope-fractionating processes,
and data characterizing environmental conditions
across space and time, or ii. directly examined using
an amalgamation of stable isotope values obtained
from survey materials (e.g., organisms) in-situ and
environmental conditions at the time of collection
(Bowen 2010; Miller et al. 2008). This spatially
explicit prediction of elemental isotope ratios within
a geospatial framework is termed an isoscape. First
applied to terrestrial environments, these spatial
distributions of SI are now increasingly applied to
marine habitats and poised to play a progressively
important role in future oceanographic studies
(Hobson 1999; Espinasse et al. 2019). Isotopic
maps provide a valuable analytical framework for
characterizing ecosystem processes and addressing
questions regarding trophic dynamics, elemental
cycling, and animal movement. Applications
include outlining SI baselines within food web
studies, providing indices of ocean productivity,
and identifying predator foraging locations and
movement within the ocean (Hobson 1999; Brault et
al. 2018).
Analyses of intrinsic biogeochemical markers
within organism tissues, such as carbon (δ13C) and
nitrogen (δ15N) SI, are used to investigate various
ecological parameters for marine species (Kurle and
McWhorter 2017). Used as tracers by past studies
to investigate the nutrient dynamics and pathways
of energy flow within marine ecosystems, carbon
and nitrogen isotope ratios in both potential prey
and consumer tissues are proven tools in assigning
trophic status and pathways of energy flow from
seasonal habitats (Schell et al. 1998). A mechanistic
understanding of isotopic variations at the base
of the food web is required for the successful

Moronke Harris
was a 2019 NPAFC
intern and supported
hydrochemical
characterization of the
2019 International Gulf of
Alaska Expedition survey
areas. She was positioned
at the NPAFC as IYS
Administrative Assistant/
Bookkeeper from April to
August of 2020. An earlycareer biogeochemist,
Moronke has a background
in microbiology and ocean biogeochemistry focusing
on aquatic disease diagnosis and the carbon and
nitrogen cycles. Her research placements have taken
her from using image analysis to quantify Canadian
barnacle microtopography (University of Guelph,
Canada), to studying climate engineering tactics in
the Bermudian ocean (Bermuda Institute of Ocean
Sciences), to facilitating large scale water quality
monitoring programs and examining the hydrochemical
effects of Floridian seagrass beds on ocean acidification
mitigation (Mote Marine Laboratory, USA). Moronke
holds an HBSc in Biological Science from the University
of Guelph and is currently pursuing an MSc in
Oceanography at the University of Victoria, with a
focus on bathymetry and the microbial ecology of
hydrothermal vent systems.

application of these biogeochemical markers
because those variations influence isotope values in
higher trophic level species (Kurle and McWhorter
2017).
Phytoplankton community composition and
distribution patterns are generally water massrelated, reflecting species’ physiological tolerance to
temperature and salinity (Pomerleau et al. 2014).
As such, changes in climate and oceanic conditions
have significant implications for phytoplankton
distribution and community composition. These
primary producers play a key role in marine food
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Figure 1. Stable isotope values are transferred conservatively through the food web (e.g., phytoplankton to zooplankton to salmon)
with predictable enrichment of the heavy isotope at each trophic transfer due to metabolic processes.

webs as the first link in the chain cascading up
through predatory zooplankton to higher trophic
level species such as Pacific salmon (Pomerleau et
al. 2014; Hertz et al. 2018). SI values of elements
naturally present within the environment are taken
up by autotrophs and transferred conservatively
through the food web. Molecules with lighter
isotopes are preferentially uptaken by autotroph
cells, while predictable enrichment of the heavy
isotope occurs at each trophic transfer due to
metabolic processes (Figure 1). Therefore, isoscapes
are often produced by mapping stable isotope
distributions of organisms from a particular trophic
level, effectively creating process-level models of
isotope distributions within a Geographic Information
System (Figure 2).

Figure 2. Potentially one of the first δ15N isoscapes
produced (Schell et al. 1998).

Due to their ability to provide information on
the connectivity, variability, and sensitivity of
ocean ecosystems to change, one common use of
isoscapes is as a source of estimated isotopic values
at unmonitored sites, which can be an important
implementation for both local- and global-scale
studies (Bowen 2010). Approximately 55 million
Pacific salmon inhabit the Gulf of Alaska (GoA)
during winter (Pakhomov et al. 2019). Despite the
importance of this region, the high seas phase of
salmon life history remains poorly understood. The
current lack of baseline data on the environmental
conditions experienced by overwintering salmonids
adds uncertainty to the already challenging task of
determining potential implications of climate impacts
on ocean productivity for salmon conditions and
reproductive success in a changing Pacific ecosystem
(Figure 3). Plankton SI (δ13C and δ15N), influenced
by nutrients, community composition, and physical
oceanographic variables, can be used to determine
the linkages between bottom-up changes in the
abundance and composition of primary producers
and consumers that cascade through ecosystems.
Isocapes of the northeast Pacific, therefore, offer a
valuable tool for predicting the food web productivity
experienced by salmon on the high seas.
As the first comprehensive winter expedition
examining factors affecting Pacific salmon in
the GoA, the 2019 International GoA Expedition
successfully established a baseline of environmental
and ecosystem-level measurements for future
comparisons. Here, we used carbon and nitrogen
SI (δ13C and δ15N) of suspended particulate organic
matter (POM) of surface waters collected during
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the 2019 Expedition to reconstruct aspects of the
marine environment experienced by Pacific salmon
during the overwintering period of their life cycle
within the high seas. This article summarizes the
characterization of a GoA isotope baseline for
application in ocean productivity and trophic studies
using high spatial resolution POM measurements
dominated by phytoplankton. Additionally, presented
are applications of isoscapes and spatial analyses
of isotope data concerning salmon foraging location
and migration. Salmon abundance is affected by
the abundance and species composition of lower
tropic levels. Thus, understanding drivers of lower
trophic level variation is essential for understanding
cascading changes throughout the ecosystem of the
high seas.
II. Carbon and Nitrogen Stable Isotopes in
Phytoplankton
Carbon and nitrogen isotope ratios are powerful
ecological tools, offering the opportunity to place
food-web pathways into a biogeographical context
through their examination (Hobson 1999; Post
2002; Espinasse et al. 2019). For example, previous
studies within the arctic seas have identified a δ13C
gradient in zooplankton that follows a pattern of
depletion eastward from the west, which has been
attributed to substantial inputs of terrestrial-origin
carbon from both major rivers (e.g., the Mackenzie
River) and proximity to the North American coast
(Dunton et al. 1989; Saupe et al. 1989; Schell et
al. 1998). Zooplankton δ13C values are influenced
by various processes that affect phytoplankton such
as nutrient concentrations, species-specific carbon
fractionation, and cell growth rates (Rau et al. 2001;
Pomerleau et al. 2014; Hertz et al. 2018).
Carbon (δ13C)

Figure 3. The overarching issue regarding human
understanding of the oceanic phase in salmon life history.

influence phytoplankton δ13C through differential
fractionation, the concentration of dissolved CO2 and
the growth rate of cells, both of which vary indirectly
with SST, are the main parameters influencing
photosynthetic fractionation of phytoplankton δ13C
(Laws et al. 1995). The result of this tether is a
positive relationship between SST and phytoplankton
δ13C. Lower ambient temperatures and higher
concentrations of CO2 are associated with lower δ13C
values in phytoplankton within oceanic environments
(Rau et al. 1989; Schmittner et al. 2013).
This was supported by Magozzi et al. (2017) in a
2017 study which modelled values for phytoplankton
δ13C at the global scale and found that, through
the control of aqueous CO2 concentration, the sea
temperature was the main factor controlling δ13C.
δ13C = Correlated to [CO2]
Driven by ambient sea surface temperature
Nitrogen (δ15N)

Experiencing a trophic enrichment that fluctuates
between values of 0 and 1% within marine
environments, δ13C is incorporated into consumer
tissues relatively unmodified (Post 2002; McCutchan
et al. 2003). Changes in the δ13C of dissolved
inorganic carbon, or differential fractionation during
uptake and assimilation of dissolved inorganic
carbon, are the general causes of changes in
phytoplankton δ13C levels. (Laws et al. 1995; Barnes
et al. 2009).
Overall, within high-latitude oceanic systems,
the δ13C of phytoplankton is expected to track
sea surface temperature (SST) gradients (Laws
et al. 1995; Burkhardt et al. 1999; Hertz et al.
2018; Espinasse et al. 2019). Although a range
of processes (photosynthetic pathways, cell
size and permeability characteristics, species
composition, and growth rates) are noted to

Marine δ15N experiences a higher trophic
enrichment than δ13C, generally 3−4% between
trophic levels, and is therefore often used as an
indicator of trophic position (Cabana and Rasmussen
1996; Post 2002). However, biogeochemical and
environmental factors can also alter δ15N values,
first at the level of dissolved inorganic nitrogen (NO3+ NO2-), then cascading up through phytoplankton
and higher trophic levels (McMahon et al. 2013;
Schmittner and Somes 2016; Hertz et al. 2018). The
δ15N of dissolved inorganic nitrogen, and therefore
that of phytoplankton, is influenced by nutrient
source and availability as well as light, species
composition, and nitrogen fixation (Mullin et al.
1984; Somes et al. 2010; McMahon et al. 2013).
Water column denitrification, nitrogen fixation,
and algal NO3- uptake have the greatest impact on
simulated δ15N globally (Hertz et al. 2018). However,
local-scale effects can also override these broad-
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Though examined globally, in-situ baseline SI
values remain largely unstudied within the North
Pacific, particularly during winter months. Most
recently, Espinasse et al. (2019) used a generalized
additive model approach and satellite-based data
to explain the spatial variability of δ13C and δ15N
values and to predict isoscapes of lower trophic
levels in the northeast Pacific. However, the isoscape
models have yet to be evaluated against in-situ
measurements. Planned data analysis will soon test
this extrapolated model approach via comparison to
in-situ values, of which the characterization of these
baseline values is a critical first step.
III. Creating an Isotope Baseline in the GoA

Figure 4. The International GoA Expedition was completed
with 21 scientific personnel from the five NPAFC member
countries (Canada, Japan, the Republic of Korea, the Russian
Federation, and the United States of America) aboard the
chartered 62 m Russian R/V Professor Kaganovskiy (Photo
credit: Pacific Salmon Foundation).

scale patterns (Somes et al. 2010). Within marine
primary producers, nitrogen isotope ratios reflect
the δ15N of the initial source of inorganic nitrogen,
isotopic fractionation during biotic uptake, and
the fraction of the total nutrient supply consumed
(Schell et al. 1998).
δ15N = Inversely Correlated with [NO3—]
δ13C and δ15N in the North Pacific
An increasing number of studies in the ocean
have generated large-scale isoscapes and tested
various hypotheses regarding large-scale baseline
SI variability (Espinasse et al. 2019). Although
temperature and nitrate (NO3-) availability are
the main driving forces of variations of δ13C and
δ15N in phytoplankton, other factors are at play.
Across the Atlantic Ocean, synthesized isotopic
data have suggested the importance of changes
in temperature, primary productivity, nutrients,
microbial cycling, phytoplankton composition, and
growth on baseline δ13C and δ15N (McMahon et al.
2013). Further, Barnes et al. (2009) demonstrated
that baseline queen scallop (Aequi pecten
opercularis) spatial variability in δ13C within the
northeast Atlantic Ocean was largely controlled
by temperature and unaffected by salinity, while
Jennings and Warr (2003) showed that a significant
proportion of baseline spatial variability in δ15N
was related to salinity and depth in addition to
temperature.

The 2019 International GoA Expedition was the
first in decades to conduct a thorough salmon winter
ecology survey in the GoA, and the first to employ
international scientific collaboration between all
five Pacific salmon producing countries on a single
research vessel (Figure 4). The endeavour set a
precedent for addressing gaps in human knowledge
through survey work concerning salmon, plankton,
hydrochemical and physical conditions in the
central GoA, and demonstrated that international
collaboration among scientists from salmon
producing countries could be used to effectively
investigate factors regulating marine survival of
Pacific salmon in shared international waters. For
more information regarding the 2019 Expedition,
please see Harris (2020) within NPAFC Newsletter
No. 47.
POM δ13C and δ15N Sample Collection
The 2019 International GoA expedition covered
an area of 697,500 km² over 10° latitude (47–57°N)
and longitude (138–148°W) between February
16 and March 18, 2019 (Pakhomov et al. 2019).
A total of 58 central GoA sampling stations were
established, with 96.5 km of spacing between
sample sites (Pakhomov et al. 2019). Filtered Niskin
rosette water samples were collected from the sea
surface (~2 m depth) at every central GoA grid
station (n = 58) to collect POM to provide a GoA
isotope baseline for application in ocean productivity
and trophic studies. From these samples, δ13C and
δ15N POM SI ratios were analyzed at the University
of California, Davis Stable Isotope Facility.
GoA Isoscapes and Influences
Values of δ13C and δ15N provide information on
the relative productivity of different regions due to
their tendency to reflect variable production rates
of phytoplankton. This is because phytoplankton
cells preferentially uptake molecules with lighter
isotopes, which results in relatively low ratios in
non-limiting conditions and relatively high ratios
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in limiting environments (Montoya and McCarthy
1995; Espinasse et al. 2019). Here, I briefly explore
the relationship between GoA POM isotope values
and sea surface temperature (SST), salinity, and
dissolved inorganic nitrogen (NO3- + NO2-) in winter
of 2019.
There are clear similarities in spatial trends in
the isoscapes for δ15N and δ13C values in particulate
matter, where the highest values were observed
closer to shore and southern, far south in the
case of δ15N, regions of the study area and lower
values resided in the northwestern corner (Figure
5). Considerably higher nearshore isotope values
in comparison to offshore counterparts have been
observed in multiple previous studies (Oczkowski et
al. 2016; Ceia et al. 2018; Chouvelon et al. 2012;
Miller et al. 2008; Oshimo et al. 2019) and may
reflect relatively higher productivity supported by
continental nutrient runoff and shoaling or upwelling
of deeper, more nutrient-rich waters. There is a
relatively high spot of isotope measurement in
the northeast corner for both δ15N and δ13C, which
perhaps signals that continental shelf water moved
offshore.
Surface POM δ13C values ranged from -27.11
to -23.07‰ and averaged -24.90 ± 0.12‰
(n = 58). Higher values towards the southeast,
and lower values towards the northwest, closely
tracked the patterns observed in temperature
distribution (Figure 6). Linear regressions showed
a positive, statistically significant relationship
between SST and phytoplankton δ13C, a negative,
significant relationship with salinity, and a negative,
insignificant relationship with NO3- (Figure 7).
The POM δ15N values ranged from 1.03 to
6.12‰ and averaged 3.00 ± 0.15‰ (n = 58).
As with δ13C, higher values were observed in the

Figure 5. δ15N and δ13C isoscapes within the
Central GoA. Survey area from February to
March of 2019.

south and lower values resided in the northwestern
corner. Linear regressions showed a positive,
statistically significant relationship between SST
and phytoplankton δ15N, a negative, significant
relationship with salinity, and a negative, significant
relationship with NO3- (Figure 8).

Figure 6. Surface temperature, salinity, and dissolved inorganic nitrogen (NO3- + NO2-) of the GoA survey area from February to
March of 2019. Colder and warmer parts of the survey were demarcated by a surface 7°C isotherm boundary (Pakhomov et al.
2019).
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Reliable information about the spatial distribution
of base-level stable isotope values is critical to
interpreting aquatic ecosystems. The presented
results show that winter phytoplankton carbon
and nitrogen SI dynamics in the central GoA follow
expected patterns in relation to temperature,
salinity, and dissolved inorganic nitrogen.
IV. Application in Higher Trophic Levels
Quantifying higher-order animal movement
remains a large challenge for researchers applying

Figure 7. Regression of POM δ13C against environmental
factors of temperature, salinity, and nitrate (NO3-)
concentration in the GoA survey area from February to March
of 2019.

spatially explicit population models to oceanic
conservation and management efforts (Crowder
and Norse 2008). Archival and acoustic tagging are
expanding human knowledge of fish movements
over smaller spatial scales (Vander Haegen et al.
2005). However, many marine fish begin life as
microscopic larvae that are difficult to tag using
conventional artificial markers, and those tagged
may produce results biased by the nature of the
often-limited marked population (McMahon et
al. 2013). Marine ecologists, therefore, know
remarkably little about the migration, dispersal, and

Figure 8. Regression of POM δ15N against environmental
factors of temperature, salinity, and nitrate (NO3-)
concentration in the GoA survey area from February to March
of 2019.
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migratory connectivity of Pacific salmon within their
oceanic phase (Pakhomov et al. 2019).
Induced by the environment, SI markers are
naturally occurring endogenous markers that rely
on the principle that animal tissues reflect local food
web isotopic structure (Hobson et al. 2010). Bottomup changes in the abundance and composition of
primary producers can cascade through ecosystems.
Isoscapes defined at lower trophic levels describe
the SI baseline, and in turn provide information
essential to assessing the relative trophic position
of higher trophic levels (Espinasse et al. 2019).
Animals are therefore linked through food webs
to underlying isoscapes. Since isotopic patterns in
food webs can differ spatially, the measurement
of isotopic profiles in animal tissues can provide
information on animal origins (McMahon et al.
2013). Describing and predicting isoscapes from
local to vast scales can be used to reconstruct
movement and track animal migration (Hobson et al.
2010).
The environmental baseline provided by analysis
of the isotopic composition (δ13C and δ15N) of
suspended POM of surface waters along the 2019
GoA survey grid has application in subsequent
ocean productivity and trophic studies, including
isotopic analysis of the GoA food web through
identifying spatial variation in isotope signatures
that can be used to trace salmon foraging locations
and migration. High spatial resolution POM
measurements can be directly compared to 2019
salmon isotope values also collected in situ. This

will involve comparing isotope derived predictions
of estimated salmon distribution, acquired through
POM distributions and comparison of said POM
isoscapes with salmon isoscapes, with salmon
catches from the 2019 Expedition.
Salmon movement rates will determine
population harvest resiliency, new habitat
colonization patterns, and the effectiveness of
spatial management options designed to reverse
ocean biodiversity and marine-capture fishery
declines (Crowder and Norse 2008). The importance
of establishing an understanding of migration and
connectivity is further pressed by the challenges
organisms face in adapting to global climate
change. Stable isotopes are an indispensable tool
for understanding natural and anthropogenicallyinfluenced systems.
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International Year of the Salmon

IYS Activities and Updates

T

he International Year of the Salmon (IYS) is
a five-year outreach and research initiative of
the North Pacific Anadromous Fish Commission
(NPAFC) and the North Atlantic Salmon Conservation
Organization (NASCO), with a vision to set the
conditions for the resilience of salmon and people
in a changing world. The IYS Secretariat was able
to stay productive throughout 2020 despite facing
new challenges and is busy working on planning an
intense burst of outreach and activities through to
the end of the initiative in 2022. The conditions to
build resilience between salmon and people depend
on connecting people and organizations to effectively
collaborate in sharing and generating knowledge and
taking action for salmon. Twenty-twenty was a year
defined by stark and unexpected global changes
due to the COVID-19 pandemic. Despite this, the
IYS managed to leverage its opportunities through
virtual meetings and activities and remain consistent
in connecting with its partners, both new and old,
around the Northern Hemisphere. In 2020, the IYS
largely focused on three signature projects: the
Pan-Pacific Winter High Seas Expedition, the Likely
Suspects Framework, and Data Mobilization.
High Seas Expeditions
Despite the unprecedented setbacks of the
pandemic, the IYS had a rewarding and productive
year. The second expedition to study the winter
ecology of Pacific salmon in the Gulf of Alaska was
successfully completed in April of 2020. The IYS
and the Pacific Salmon Foundation (PSF) were able
to hold an in-person media event for the launch of
the expedition in Point Hope Shipyard in Victoria,
BC, one week before COVID-19 lockdown measures
went into effect. Twelve scientists from Canada,
Russia, and the United States spent a month at sea
studying the winter ecology of Pacific salmon aboard
the Canadian fishing vessel turned research vessel
for the purpose of the expedition, the Pacific Legacy
No.1. Following the expedition, a virtual press
conference and information session for funders and
friends was hosted by the IYS and PSF to discuss
preliminary results.
This expedition built on the findings from the
2019 International Gulf of Alaska Expedition, and
contributes to setting the stage for the Pan-Pacific
Winter High Seas Expedition currently being planned
for winter 2022. Given the challenges of completing
an international survey during the pandemic, the
difficult decision was made to postpone the 2021

By Camille Jasinski
IYS Public Relations &
Communications Coordinator

Camille Jasinski is
the Public Relations
and Communications
Coordinator for the
International Year of the
Salmon (IYS)—North Pacific
Region. She is currently
completing her master’s
degree in communications
at SFU (Simon Fraser
University), after which
she hopes to pursue her
PhD. Camille's graduate
research interests include
classical communication theory, ideology, philosophy,
surveillance culture, environmental communication,
decolonization theory, and Indigenous rights. Camille
currently sits as the Co-chair to the IYS Theme Council
Group 4—Outreach and Communication. She is also a
registered 200-hour yoga and fuse teacher.

multi-vessel research expedition to winter of next
year. However, this challenge has brought new
opportunities for the IYS to bring more partners
on board, and to continue building momentum and
raising funds to ensure a successful Expedition in
2022.
The 2022 IYS Pan-Pacific Winter High Seas
Expedition will send out multiple vessels to the North
Pacific Ocean to survey Pacific salmon and their
ecosystems in the high seas. Along with increasing
our understanding of the mechanisms driving Pacific
salmon survival and productivity, these surveys will
provide information on Pacific salmon distribution
and abundance. The NPAFC member countries
(Canada, Japan, the Republic of Korea, the Russian
Federation, and the United States) are working
collaboratively around the Pacific Rim to ensure a
successful Expedition with the greatest survey area
possible to be covered by multiple vessels sampling
simultaneously.
For many months now, the IYS has been working
to engage academic researchers from the University
of British Columbia and the University of Victoria
in research related to the 2022 Expedition using
funding provided by NPAFC’s grant from the British
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Columbia Salmon Restoration and Innovation Fund
(BC SRIF). Nine projects were granted funding in
December 2020. This funding will allow academic
partners to staff post-doctoral fellow and graduate
student positions to undertake research projects
related to the Expedition. This funded research
focuses on eight key areas of study: biological
oceanography, chemical oceanography, physical
oceanography, acoustics, modelling, salmon feeding
ecology and energetics, salmon distribution,
abundance, and migration, and salmon genetics
and stock identification. In 2021, the IYS team
will focus on connecting with researchers in these
key areas from other NPAFC member countries.
Likewise, the IYS staff continues to meet regularly
with the 2022 Expedition cruise planning team,
composed of the Chief Scientist, country leads from
all five NPAFC member countries, and key scientists.
Currently, this team has been working on tackling
the standardization of sampling methods across the
vessels.
The BC SRIF continues to provide funding for
the 2022 Expedition, and the IYS is pleased to
announce that in 2020 the North Pacific Research
Board (NPRB) agreed to contribute USD 350K to
the Expedition. At present, we have CAD 300K in
funding committed by Fisheries and Oceans Canada
as a part of their BC SRIF funding. Approximately
CAD 2M is still required for a charter vessel to
ensure comprehensive coverage of two zones in
the Central North Pacific. The IYS continues to seek
funding from interested parties and organizations.
Likely Suspects Framework
The IYS has received funding from the Pacific
Salmon Commission’s Southern Endowment Fund
to develop and carry out a series of workshops
termed the ‘Salmonscape Workshop Series,’ that
will take place from December 2020–March 2021.
This workshop series is considered Phase 1 of the
Likely Suspects Framework (LSF) project in the
Pacific, with the objective of gathering experts who
can assist in guiding the development of the LSF for
the Pacific region. The LSF takes a general approach
to estimating the numbers of fish associated with
each life history stage for a population of salmon
and identifying the candidate mortality factors
(the Likely Suspects) across the freshwater and
marine phases of the salmon life cycle. The project,
which has been well underway in the Atlantic, aims
to engage Indigenous Peoples, federal and local
governments, NGOs, industries, and academia in
the implementation of the holistic LSF approach to
informing management decisions affecting salmon
populations over their complete life history.

From left to right: Scientists Alexei Somov, Christoph Deeg,
and Igor Grigorov onboard the Pacific Legacy No. 1 during
the 2020 Gulf of Alaska Expedition. Photo Credit: Svetlana
Esenkulova

The Salmonscape Workshop Series consists of
one focus group and three linked virtual workshops
designed to define management case-use studies
in the northeast Pacific, that can then be used to
test the LSF on a group of salmon populations.
This will eventually demonstrate the applicability
of the LSF approach, with the intent of applying it
broadly across the salmosphere. In 2020, the IYS
Secretariat, with the support of a Planning Team
and with meeting support from ESSA Technologies,
successfully completed its initial focus group. This
focus group concentrated on asking managers,
decision-makers, and knowledge holders to identify
a set of key scientific, management and decisionmaking challenges that they face considering
the impacts of rapidly changing socio-ecological
conditions. The focus group was also given an
opportunity to address and discuss some proposed
solutions to these challenges. The outcomes of
the initial focus group are being used to guide the
subsequent three workshops, which will take place
between January and March of 2021. Workshop
#1 will bring experts together to recommend a
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life history-based approach to identify risk across
the salmon life cycle and assess management
approaches to mitigation. Workshop #2 will consider
how to address data mobilization challenges and
needs, and Workshop #3 will be used to identify
case-use studies in the northeast Pacific where the
approach can be tested.
Data Mobilization
To link both the information generated by the
High Seas Expeditions and the Likely Suspects
Framework, the IYS continues to pursue its
Data Mobilization effort. This Signature Project
is a concerted effort on the part of the IYS and
various other organizations to build a framework
of data, models, and knowledge networks that are
standardized, accessible, and easy to navigate
for dynamic groups of researchers, academics,
scientists, conservationists, and resource managers.
Arguably, one of the largest barriers to salmon
research is rapid access to standardized data.
In partnership with the Tula Foundation/Hakai
Institute, the IYS is using a federated approach to
standardize IYS high seas data so that it can be
rapidly discovered and synthesized. In 2020, the
IYS initiated the NPAFC ad hoc Study Group on High
Seas Data Standardization/Mobilization to develop
an agreement between the NPAFC member countries
on approaches to collecting and mobilizing high seas
data. The IYS will be using the 2022 Expedition to
test this approach. The IYS has also been working
with its partners across the hemisphere to pursue
broader data mobilization goals related to the
development of a standardized salmon vocabulary,
the application of graph database technology, and
the mobilization of historic marine salmon data.

remains interesting, engaging, and clear to its many
audiences.
In 2020, there were a number of IYS workshops,
symposia, and meetings, both in person and virtual.
While in-person meetings were still permitted at the
beginning of the year, the IYS held a media event at
the launch of the 2020 Gulf of Alaska Expedition in
March, and members from the IYS team attended
and presented at the 20th Salmon Ocean Ecology
Meeting: Salmon in Dynamic Habitats and Food
Webs in Monterey, USA that same month. Virtual
events included the virtual press conference and
information session for the 2020 Gulf of Alaska
Expedition, led by Dr. Richard Beamish and Dr. Brian
Riddell.
The IYS, in partnership with co-conveners from
across the North Pacific, hosted a session (S14:
Implementing a collaborative, integrated ecosystem
high seas survey program to determine climate/
ocean mechanisms affecting the productivity and
distribution of salmon and associated pelagic fishes
across the North Pacific Ocean) at the 2020 North
Pacific Marine Science Organization (PICES) Virtual
Annual Meeting in October, during which researchers
from the 2019 and 2020 Gulf of Alaska Expeditions
shared their preliminary findings. The IYS also gave
a talk on the 2022 Expedition in another session of
the PICES Annual Meeting (S1: How does 30 years

IYS Activities
Throughout 2020, the IYS has been steadily
working on improving its online presence. The IYS
website has been undergoing significant upgrades
to better inform the public about the IYS initiative,
progress, objectives, and Signature Projects. The
new version of the website has been officially
launched in January 2021. The IYS is expecting to
see a notable increase in website traffic after these
changes are implemented, and the IYS hopes the
updated website will attract new audiences and
potential funders. Likewise, IYS activity on social
media has remained consistent throughout 2020 and
has achieved rapid follower growth despite it being
a very busy year for news. The average engagement
rate for the IYS on Twitter in 2020 was over 3%
(anything above 1% is considered great)! The IYS
Public Relations and Communications Coordinator
has been maintaining a consistent posting schedule,
as well as making sure that the IYS online presence

IYS staff members from left to right: Stephanie Taylor—IYS
High Seas Coordinator, Camille Jasinski—IYS Public Relations
& Communications Coordinator, Moronke Harris—former
NPAFC intern, Laura Tessier—former IYS Coordinator, at
the 2020 IYS NPSC and WG Meetings reception held at the
Vancouver Club in February 2020.
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of research on changing North Pacific ecosystems
inform the UN Decade of Ocean Science for
Sustainable Development Goals?). There was a very
positive response from session attendees about the
research the IYS is doing in the high seas and the
upcoming 2022 Expedition.
In August 2020, The IYS presented an overview
of the IYS and participated in an expert panel for
an online lecture series hosted by the Explorer’s
Club, which is based in New York City. The title of
this lecture series was “Salmon—Great Leap for a
Future,” and it brought together a number of the
world’s foremost salmon scientists, advocates,
conservationists, anglers, filmmakers and authors
who have worked to save the species. The talk
explored the mythology of this ‘King of Fish,’ its
place in history, and the close relationship between
salmon and humans from the Paleolithic time to
the present. The IYS is hoping that this event, and
more like it in the future, will open up possibilities
of building connections and online outreach
capabilities, particularly for the 2022 Expedition. To
date, the online talk has over 117 thousand views.
Additionally, the IYS had over 150 partner
meetings in 2020, with organizations such as
Fisheries and Oceans Canada (DFO), the National
Oceanic and Atmospheric Administration (NOAA),
the Pacific Salmon Commission (PSC), First Nations
Fisheries Council (FNFC), the North Pacific Research
Board (NPRB) and the Pacific Salmon Foundation
(PSF), just to name a few. The IYS continues to
collaborate with partners around the Pacific and
Atlantic basins and is hoping to continue expanding
its network in the future.

The 2020 IYS Photo Challenge
Last year, the IYS challenged its audiences to
think about what salmon mean to them and their
community during the unprecedented circumstances
that defined 2020 by posting a photo challenge. The
requirements asked participants to send a photo of
salmon, as well as a write-up about what salmon
means to them and their community. The IYS
received over 25 submissions, all of which included
amazing photos of salmon alongside interesting and
personal write-ups. Although the IYS could only
pick one winner for the grand prize of $500, it is
currently in the process of creating a photo story
that includes the most interesting and thoughtful
submissions from the contest which will be published
on the IYS website.
The winner of the 2020 IYS Photo Challenge: Dr.
Paul Vecsei, from Northwest Territories, Canada.
Paul Vecsei has worked in northern Canada as
a fisheries biologist for over a decade. He recently
spent two years as a salmon biologist with Fisheries
and Oceans Canada in the Yukon and is now back
in the Northwest Territories doing fish work with the
Tlicho Government. His underwater photo career
began with placing juvenile Arctic grayling in a
Ziploc and photographing them. Much has changed
and as the equipment became more sophisticated,
so have the results. Featured in National Geographic
Photo of the Day, magazines, online features
and journals, his underwater images of fish have
become well-known. "I am particularly interested
in Pacific salmon life history and try to spend as
much time with these fish in their environment."
I call the winning shot: Narcissus because like in
Greek mythology, the huge Chum Salmon was
so impossibly handsome that he fell in love with

Winning Photo

Narcissus—Dr. Paul Vecsei, winner of the 2020 IYS Photo Challenge.
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his own image reflected in a pool of water and
is photographed at the moment he tries to kiss
himself." Paul received his MSc in Zoology from the
University of Guelph, Ontario and his PhD from the
University of Georgia, Athens, USA.
IYS Photo Challenge Runner Ups:
The IYS would like to share the two runnerup winners of the 2020 Photo Challenge, whose
submissions came very close to winning the grand
prize.
2nd place: Glen and Carrie Sheckells from Kodiak,
Alaska
“Adapt or perish. Change is necessary for
survival. Salmon embody this basic principle
by serving as a steadfast and dependable, yet
adaptable and dynamic resource and connection
to this ever-changing world. A connection between
man and nature; a connection across cultures; and
a connection to our future. A revered resource of
our Kodiak native peoples, salmon is a sacred vessel
for ensuring cultural preservation and growth across
hundreds of generations. Salmon also serve as the
basis for our diverse Kodiak community of today by
affording job opportunities to all demographics, at
all skill levels, and encouraging corporate investment
into our local economy. Salmon connects our Kodiak
community to the bustling industries of commercial
fishing, large scale processing, and international
shipping. Salmon also underlie our tourism and arts
industries, allowing us to showcase Kodiak’s skills,
cultures, and uniqueness to the world. Salmon
means connection...to nature, to history, and to
each other.”

3rd place: Fernando Lessa, Vancouver, BC
“This image was taken in the Fraser Valley, less
than 100 km from Vancouver, a couple of weeks
ago.
I believe it is a very important photograph,
since despite all the issues with Pacific wild salmon,
it's important what are we protecting, Pacific
wild salmon! In the image, you can see around
1,000 sockeye, from an overlooked run, that this
year reached almost 12,000 fish! Was lucky to have
the chance to document such a unique moment!”
The IYS would like to give a deep thank you to
everyone who submitted their photos and stories to
the photo willchallenge. We are excited to share our
updates as we continue to work on putting together
a photo story about what salmon mean to people
and communities around the Northern Hemisphere.
Upcoming IYS activities
The IYS is looking forward to a busy and
productive 2021. In addition to continuing its
progress in planning the 2022 Pan-Pacific Winter
High Seas Expedition and its Likely Suspects
Framework and Data Mobilization projects, the IYS
is anticipating a long list of planned activities for the
year. The IYS is hosting its annual Working Group
and North Pacific Steering Committee meetings in
February 2021, but this year they will be in a virtual
format. The IYS will continue to engage its Working
Group and North Pacific Steering Committee on
current and upcoming events and determining its
next steps through 2022, including planning for the
IYS Concluding Symposium and the IYS legacy.

2nd Place

3rd Place

A salmon jumping behind a bear—Glen & Carrie Sheckells.

Salmon in the Fraser Valley, BC—Fernando Lessa.
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CCGS Sir John Franklin. Photo Credit: Canadian Coast Guard

Additionally, IYS staff will be virtually attending
the Conference on Abundance Dynamics, Stock
Assessment, and Artificial Reproduction of Pacific
Salmon in the Northern Pacific in February 2021.
This is an international conference organized by
the Russian Federal Agency for Fishery and the
Russian Federal Research Institute of Fisheries
and Oceanography that brings together experts
from around the North Pacific to discuss significant
fluctuations in the abundance of Pacific salmon and
the simultaneous decline in salmon harvests in the
Russian Far East, Japan, and North America. Main
conference topics will include abundance dynamics
and stock status of Pacific salmon in changing
environments, the forecasting of Pacific salmon
runs and feasibility of prognoses, and artificial
reproduction and its in influence on the production
of Pacific salmon.

approach on a group of salmon populations. The IYS
will host its first workshop, ‘Approaches to Salmon
Life History Modelling,’ in January 2021. Its second
workshop, ‘Salmon Data Mobilization,’ and the third
workshop, ‘Northeast Pacific Case-use Studies,’ will
take place in March 2021.

The IYS continues to make progress on its
Salmonscape Workshop Series, a part of the Likely
Suspects Framework, which will run from January to
March 2021. This virtual series consists of a focus
group followed by three linked workshops that bring
experts with the overall goal to define management
case-use studies in the Northeast Pacific that can
be used to test the Likely Suspects Framework

IYS staff are also planning to attend a number of
other virtual workshops and symposia throughout
the year, including the Salmon Ocean Ecology
Meeting, the Salmon Recovery Conference, and
MCEAS 2020—Navigating global change in the
marine environment symposium.

The NPAFC will be hosting its third NPAFCIYS Workshop, ‘Linkages between Pacific Salmon
Production and Environmental Changes,’ in May
2021. This is an annual workshop that will include
research related to the IYS. The workshop will be
held virtually and will focus on salmon production
in changing environments, new technologies and
integrated information systems for salmon research
and management, and resilience for salmon and
people with a case study from the Great East Japan
Earthquake in 2011.
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Director's Desk

Pink and Chum Salmon Stock and
Fishery Conditions in Places of Their
Intensive Hatchery Propagation
By Vladimir Radchenko
Executive Director, NPAFC

P

ink and chum salmon are the most abundant
Pacific salmon species in the North Pacific
Ocean. These two species heavily contribute
to the total Pacific salmon harvest—85.7% in
numbers and 80.0% by weight since 2001. Pink
salmon account for 65.7% of catch numbers
and 46.3% of catch weight, while chum salmon
account for 20.0% of catch numbers and 33.7%
by weight, respectively. Pink and chum are also
the most popular species for hatchery propagation
comprising together more than 87.5% of Pacific
salmon juveniles (chum salmon—60.6%, pink
salmon—26.9%) released from hatcheries,
nurseries, and spawning channels in NPAFC member
countries in the current century. Juveniles of both
salmon species start migrating downstream to sea
soon after emerging from the gravel. This makes
pink and chum salmon the most appropriate species
for hatchery propagation in areas where freshwater
grounds for juvenile rearing are limited, like the
Sakhalin Island or Southeast Alaska.
In the early years of fisheries management, there
was an unattainable objective for salmon hatchery
propagation—to equalize, or at least, smooth out

the difference in Pacific salmon catches between
even years (less productive in most regions), and
odd, more productive years. In some regions, pink
and chum hatchery propagation was organized
with the purpose of stock restoration, affected by
massive poorly regulated fisheries and/or habitat
degradation, enhancement of fishing opportunities,
promoting employment of fishermen in coastal
communities, and meeting growing domestic
seafood demand. Some hatchery development
projects were implemented with considerable
success, i.e., chum salmon hatchery propagation in
Japan (Hiroi 1998).
In recent years, the magnitude of salmon run
in North Pacific regions has been characterized by
significant fluctuations, which is associated with
progressive climate changes (Urawa et al. 2016;
Crozier et al. 2019). Against this background,
discussion about influence of artificial reproduction
of salmon on wild stocks and contribution of
this activity to commercial fishery resources has
intensified. Substantial growth of released fry
numbers and hatchery salmon return has initiated
opinions about wild salmon replacement by

Hatchery chum salmon in the Reydovaya River. Photo Credit: NPAFC Secretariat
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hatchery-produced fish as well as heated scientific
discussions on hatchery propagation efficiency,
return rates, differences in wild and hatchery salmon
fitness, adaptability, and genetics. Despite the fact
that scientific tools to estimate these parameters are
gradually improving, it is premature to make any
final conclusions.
Data on juvenile salmon releases from salmon
breeding facilities in coastal countries were taken
from the open and regularly updated NPAFC
database. Total numbers of juvenile Pacific salmon
releases from salmon breeding facilities by all NPAFC
member countries remains at a high level in recent
years, exceeding five billion fish in a year. In 2019,
numbers of released salmon juveniles increased
by half a billion and reached the historic high level
of 5.5 billion fish. As for pink salmon in the 2000s,
more than 65% of fry were released by the United
States, of which 99.94% were in Alaska; Russia
released 23% of total fry, followed by Japan—10%,
and Canada—just over 1%. Japan leads in hatchery
propagation of chum salmon with 57.9% of released
fry (by number) in the 2000s followed be the United
States (20.9%), Russia (17.8%), Canada (2.9%),
and Korea (0.5%).
The purpose of this review is to assess changes
in pink and chum salmon stock conditions in the
main areas of their intensive hatchery propagation
to identify general trends in population dynamics
against the background of natural and anthropogenic
factors affecting it, as well as consider substantiating
measures for managing salmon stocks in these
fishery regions. In the main areas of pink and
chum salmon hatchery propagation in the coastal
countries of the North Pacific, the state of affairs is
characterized as follows:
Pink salmon
Central Alaska, Prince William Sound (PWS), USA
Currently, there are 27 private hatcheries in
Alaska and three federally-operated research
hatcheries that conduct salmon and hatchery
technology studies. Two Alaska state-operated
hatcheries raise salmonids for sport fishing (NPAFC
2020). Eight hatcheries incubate eggs and release
pink salmon juveniles on a regular basis. The
four largest of those hatcheries are located in the
PWS in the Central Alaska. In 2000–2019 these
hatcheries, with a nominal capacity from 130 to 236
million fry each, cumulatively produced a total of
590–780 million, an average of 679 million juvenile
pink salmon annually. This amount ranged from
71.7% to 79.4%, an average of 74.6%, of the total
pink salmon released within the State. Two more
hatcheries operate on Kodiak Island and the Kenai

Peninsula, which are part of the Western Alaska
statistical region (14.3–19.2% of total release,
average 16.4%), and two hatcheries in Southeast
Alaska release juvenile pink salmon, with only
one making a significant contribution—on Baranof
Island: 2.9–11.2%, average 8.8% of released pink
salmon fry from the Alaska coast. Pink salmon
juveniles are usually released after rearing in cages
in the coastal area for 2–4 weeks. During that time,
fry body weight approximately doubles (Leon et al.
1985). The size and body weight of juveniles at the
time of release vary between 36.4–52.2 mm and
0.33–1.81 g (Boldt and Haldorson 2004).
Historically, the PWS pink salmon stock
enhancement program was designed to support
the salmon fishery and canneries that provide
employment to the local population and coastal
community wellbeing. Fishery operations virtually
ceased in 1972–1974 due to a sharp decline in
salmon run. Currently, pink salmon fisheries,
hatchery propagation, and processing in Alaska
enjoy substantial subsidies and government
support, including preferential lending to fishermen,
providing them with financial assistance in a case
of underfishing, as in 2016, and procurement
interventions for surplus canned pink salmon, which
are used for the State needs, in school meals, and
national and international humanitarian programs.
Salmon hatcheries were established in Western
and Central Alaska in proximity to each other and to
fishing grounds that allowed fishing of pink salmon
mainly from hatchery-originated stocks (hereinafter
referred to as "hatchery salmon"), as well as near
fish-processing facilities to land the catch. In the
late 1990s–early 2000s, 70–80% of pink salmon
catch was used in the production of canned salmon.
However, the market for frozen and gutted salmon
grew in China, so in 2007 the catch shares sent to
canned fish production and sold frozen gutted were
almost equal. The status quo was not observed
for a long time, and the catch share used for fish
canning decreased to 47% and 34%, respectively,
in 2011–2012 (Knapp 2012). The volume of frozen
pink salmon export increased from a minimum in
2002 to more than 37,500 mt in 2010 (McDowell
Group 2011), and about 60,000 mt in 2013. Further
export growth is constrained by filling of the Chinese
market with Russian-caught pink salmon and China’s
gradual re-orientation to more valuable salmon
species.
Percentage of hatchery pink salmon in the fishery
catch in the PWS is currently being determined as
part of a large-scale otolith marking and tagging
program (Knudsen et al. 2015). In recent years,
about 85–87% of released pink salmon juveniles
are otolith marked. With such fishery management,

Page 32 | NPAFC Newsletter No. 49 |February 2021

Figure 1. Share of hatchery pink salmon (light part of the columns) in the
commercial catch of pink salmon in the PWS, Alaska, 1979–2020. Data for 2019
are not available. The graph showing the number of juveniles released within the
central Alaska region is shifted forward one year, so the release and catch data
refer to the same pink salmon year class.

wild pink salmon by-catch remains stable and
controlled. Since 1986, the share of hatchery pink
salmon in the total catch in the PWS has exceeded
50% (Willette et al. 2001). Then, it grew and totaled
84.4% in 2000–2020 (Figure 1). Wild pink salmon
bycatch increased to 19.3% and 26.0% of the
total only in recent years of maximum pink salmon
returns, in 2013 and 2015. In 2017, according to
preliminary data, wild pink salmon share reached
41.6% (Stopha 2017). In the even year 2020, wild
pink salmon constituted 25% of the catch (Botz and
Russel 2020), slightly higher than in 2018. Return
rates of hatchery pink salmon in 2013 and 2015
have been estimated at 11% and 13.3%, and the
average ratio for 1985–2015 has amounted to 5.6%.
The state of affairs in the PWS differs from
most situations studied in papers devoted to the
interaction of wild and hatchery salmon populations,
since the proportion of hatchery fry is several times
higher than the proportion of wild migrants from
natural spawning grounds (Cross et al. 2008).
Although wild pink salmon juveniles grow faster,
catching up to the size of hatchery juveniles during
their PWS residence time, their calculated return
rates (4.7–6.2%) are the same, or even slightly
lower than the 5.6% estimated for hatchery pink
salmon.
The pink salmon fishery in the PWS is carried
out with purse seines from small-tonnage boats.
The by-catch of pink salmon by other fishing gears
during fisheries targeting other salmon is less than
1% (Russell et al. 2017). The largest catches of pink
salmon in the PWS were achieved in odd 2013 and
2015 years: 92.5 and 95.1 million fish, respectively.
For the even-year broodline, the highest catches
totalled 76.0 million fish in 2010 and, recently,

43.2 million fish in 2014. Then, there was a sharp
decrease in pink salmon stock abundance in even
years with the total catch of 12.0 million fish in
2016 and partial restoring to 22.3–23.9 million fish
in 2018 and 2020. In the odd-year broodline, the
catch of pink salmon totalled 48.7 million fish in
2017, while fish abundance in the spawning run was
25.3% lower than the value predicted on the eve
of the fishing season. In 2019, the fishery harvest
reached 85% of the predicted amount.
The story of pink salmon stock recovery in the
PWS would be incomplete without mentioning the
major Exxon Valdez oil tanker accident in March
1989 that resulted in the spill of more than 38,500
tons of crude oil. Initially, it was estimated that pink
salmon eggs and early juveniles’ mortality in some
parts of the PWS affected by the oil spill exceeded
the natural mortality, in conditions without oil
pollution, by 28% (Geiger et al. 1996). Losses from
oil pollution in numbers of adult pink salmon were
estimated at 2.3 million fish over five years (1990–
1994) with a general estimate of magnitude of wild
pink salmon run in the PWS at 144 million fish.
The Exxon Valdez Oil Spill Trustee Council website
(http://www.evostc.state.ak.us) still maintains the
view that wild salmon stocks and ecosystems of
spawning rivers in the PWS completely recovered
only ten years after the disaster. However, a reanalysis of collected data showed that pink salmon
losses were previously overestimated. On the
contrary, the survival rate of juvenile pink salmon
in the period after downstream migration/release
in the years after the oil spill increased due to a
significant decline in numbers of piscivorous birds
(Brannon et al. 2012).

February 2021 | NPAFC Newsletter No. 49 | Page 33

It is difficult to say whether PWS ecosystems
have actually recovered from that catastrophic
event, and whether it has impacted the fishery’s
reliance on hatchery pink salmon. The 1989 oil spill
did not affect the areas where three of the four
hatcheries are located, in contrast to the mouths of
many pink salmon spawning rivers on the western
and southwestern coasts of the PWS. One thing is
indisputable: since the Trustee Council has financed
the implementation of 214 research programs over
the past 30 years, the large-scale studies of PWS
ecosystems and the restoration of their individual
components have created a significant database to
optimize fishery management and other types of
natural resource use within the region.
Northern coast of Hokkaido, Japan
Pink salmon hatchery propagation in Japan was
aimed to extend the salmon fishery season, as well
as to distribute the workload of salmon hatcheries
personnel more evenly (Saito et al. 2016). Hokkaido
salmon culturists take eggs from early-run pink
salmon, which return to the coasts in August when
the chum salmon fishery has not yet begun, so the
pink and chum fisheries do not interfere with each
other. The pink salmon that returned to hatchery
weirs in September were caught, but not used
for propagation. This led to a gradual shift in the
timing of pink salmon run in Hokkaido by about half
a month earlier than in 1980s–1990s (Saito et al.
2016).

Hatchery propagation of pink salmon are
mainly located on the Sea of Okhotsk coast of
Hokkaido (Morita et al. 2006a). The number of such
hatcheries, and the number of juveniles released,
have increased significantly since the mid-1970s
(Hiroi 1998). By 1986, the numbers of released
pink salmon fry reached 150 million fish. After that,
releases began to be administered at the level of
140–150 million fish and have declined slightly since
2013 to 100–125 million fish annually. Juvenile pink
salmon are released into 42 rivers of the island,
mainly flowing into the southern Sea of Okhotsk, as
well as into the adjacent waters of the Pacific Ocean.
Pink salmon fry in Hokkaido are released with
a length of 33–35 mm and a weight of 0.22–0.27
g, according to established standards, from March
to May. A significant proportion of the fry are fed
and these fry have a body length of 37–42 mm
and a weight of 0.32–0.46 g by the time of release
(Zaporozhets and Zaporozhets 2011; Tojima et
al. 2017). Keeping a part of the released juvenile
pink salmon in cages in the near-coastal waters is
practiced to adapt juvenile salmon to the marine
environment and reduce predation pressure in the
first days at sea (Nagata et al. 2012).
The pink salmon fishery in Hokkaido is carried
out in the near-coastal waters from late July to early
October with stationary net traps, which are smaller
than nets for the chum salmon fishery (Morita et
al. 2006a). Pink salmon are also fished by driftnet
vessels outside the coastal zone, but the bulk of

Figure 2. Share of hatchery pink salmon (light part of the columns) in the commercial catch
of pink salmon in Hokkaido (after Morita et al. 2006a, Ohnuki et al. 2015), 1971–2020. Where
the catch is indicated by gray bar, no subdivision was made. The graph showing the number
of juveniles released from the Hokkaido coast is shifted forward one year, so release and catch
data refer to the same pink salmon year class.
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this by-catch is salmon of Russian origin (Nagasawa
2011, cited from Ohnuki et al. 2015). The number
of stationary net traps has remained fairly constant
since the late 1960s: in the range between 1,400
and 1,800 units (Morita et al. 2006a; Nagata et al.
2012), although the number of fishing ventures
engaged in this fishery decreased by about 1.5
times after 2010 (Saito et al. 2016).
Despite the stable numbers of released pink
salmon and negligible changes in the number of
fishing efforts, the pink salmon catch in Hokkaido
varies considerably. Since the early 1980s, pink
salmon catch grew steadily against the background
of increasing numbers of released fry and reached
the level of 15.1 and 15.9 million fish in 1994
and 1996, respectively. The total numbers of pink
salmon run to the Japanese coasts was estimated
at 20 million fish in 1994 (Kaeriyama 1999). In the
early 2000s, the pink salmon even-year broodline
unexpectedly lost its leading position, and catch
in odd-numbered years has steadily exceeded
the adjacent years’ harvest since 2005. Odd-year
broodline provided the maximum catch of pink
salmon at 14.5 million fish in 2007. Then, the pink
salmon run magnitude significantly decreased for
both broodlines. After 2010, catch of pink salmon
in Hokkaido sharply decreased from more than 10
million fish to 1.5–3 million fish. The exception, as in
the PWS, was 2016, but to the contrary, the return
of pink salmon was unexpectedly high in Hokkaido,
providing a catch of 9.0 million fish (Figure 2).
Catch numbers are given here without taking into
account the number of spawners caught in rivers
for hatchery propagation, which ranged from 5%
to 17%, on average 11% of the total catch in pink
salmon numbers in 1989–2014 (Saito et al. 2016).
Until the mid-2000s, growth of run magnitude
and catch of pink salmon in Hokkaido was attributed
to hatchery propagation success. In 1996, at the
NPAFC symposium in Sapporo, O. Hiroi (1998)
concluded that the return rate of hatchery pink
salmon in Hokkaido had stabilized at 5% since
the end of the 1980s while having reached 12%
at a peak run in 1994. According to M. Kaeriyama
(1999), the return rate varied within 1–3% in
1981–1988, then increased to 6–7% in the late
1980s–early 1990s with peak values of more than
12% and 16% in 1994 and 1996, respectively. Other
researchers do not share such high, practically
unrealistic estimates of pink salmon return rates.
The possibility of natural spawning of pink and
chum salmon in Hokkaido rivers was disregarded
in the 1990s. However, despite the consistent
annual fry releases from hatcheries, pink salmon in
Hokkaido started showing a two-year cyclicity in run
abundance dynamics since the second half of the
1990s (Radchenko 2001).

In the mid-2000s, K. Morita published several
articles that radically changed the view on the
contribution of hatchery pink salmon to the total
species stocks in Hokkaido. According to his
estimates, the contribution of hatchery pink salmon
to the total catch was 35.4–41.7% in 1971–2003,
in particular 17.5–22.6% only in 1994–2003
(Morita et al. 2006a, b). Since the early 1990s, the
majority part of pink salmon run was provided by
progeny of fish that overcame hatchery weirs and
formed natural populations in Hokkaido rivers. As
it turns out, there are observations of pink salmon
escapement that resulted in natural spawning in
rivers. These observations have been published in
Japanese since the 1960s and recorded escapement
to hatchery-enhanced rivers which could sometimes
reach 200,000 pink salmon (Morita et al. 2006b).
K. Morita’s strong argument in favor of the massive
contribution of natural spawning to the total pink
salmon catch was a low percentage of fish having
the otolith mark in catches (Nagata et al. 2012;
Ohnuki et al. 2015). The importance of natural
spawning was also recognized due to the lack
of correlation between the number of released
juveniles and the return of adult fish (Saito et al.
2016). It was also shown in an experiment with
hatchery pink salmon fry marking—where wild fry
contributed over 90% in some rivers (Torao et al.
2011).
Taking Morita's estimates into account, the return
rate of pink salmon from Japanese hatcheries can be
re-calculated as low as about 1.3% in 1994–2012.
There is an even lower estimate of hatchery pink
salmon return to some hatchery-enhanced rivers
in the Japanese sources: 0.05–0.35% (Fujiwara
2011, cited after Saito et al. 2016). The lower
estimated hatchery returns have drastically changed
the economic efficiency of pink salmon hatchery
propagation in Hokkaido. It was believed that
hatchery pink salmon harvesting generated 50–90
billion yen of revenue in the fishery sector while
hatchery operations costed about 10–14 billion yen
in the mid-1990s (Hiroi 1998). According to later
estimates (Ohnuki et al. 2015), the economic effect
of pink salmon hatchery propagation in Hokkaido
was 0.22 and 0.15 yen per fry released in 2011 and
2012, which is 0.31 and 0.22 billion yen in total for
the year, respectively.
M. Kaeriyama (Kaeriyama and Qin 2014)
recommend separating natural and hatchery
pink salmon populations as much as possible,
i.e., learning from the experience of pink salmon
hatchery propagation in Alaska. However, this
is hardly possible at the observed level as pink
salmon stray along the open Sea of Okhotsk coast,
where other pink salmon regional groups migrate
in proximity. With such low economic efficiency of
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pink salmon hatchery propagation in Hokkaido,
a serious revision of approaches to pink salmon
hatchery propagation and fishery management
can be expected.
British Columbia Coast, Canada
The Salmonid Enhancement Program (SEP)
was adopted in British Columbia in 1977. Since
then, the Canadian government has allocated
more than 1 billion Canadian dollars to support
operations of 23 state-owned hatcheries and
artificial spawning channels under the overall
management of Fisheries and Oceans Canada
(DFO) and finance about 300 smaller salmon
propagation projects implemented by coastal
communities and community organizations.
Organization of salmon enhancement in British
Columbia is in general terms described in
MacKinlay et al. (2004).
Declared SEP objectives are both enhancing
fishery opportunities, including sport and
recreational fishing, and restoring degraded
salmon stocks and habitats to ensure stability of
salmon populations and dependent ecosystems.
In recent years, there has been a shift in goals
towards maintaining depleted salmon stocks
and restoring overfished populations (Grant
and Pestal 2009; Spilsted and Pestal 2009; Van
Will et al. 2009). Pink salmon, due to lesser
commercial value, plays a subordinate role in
the enhancement program. The pink salmon

share in releases of salmon juveniles is only 5.3%
since the beginning of SEP implementation in 1977.
In even years, this share rises to 7.8% on average
while it decreases to 2.8% in odd years. In numbers,
10.9–25.6 million (an average of 20.1 million) pink
salmon juveniles in even years and 8.4–14.9 million (an
average of 13.0 million) juveniles in odd years, were
released from the Pacific coast of Canada in the current
century. The lowest release numbers were recorded in
recent years, in 2015 and 2019 (Figure 3).
The two main hatcheries producing pink salmon
in British Columbia are located on the eastern coast
of Vancouver Island, with another one further north
in the Port Hardy area. There are also many smaller
pink salmon propagation projects, including artificial
spawning channels, providing up to 3.55 million fry
per year (MacKinlay et al. 2004). For most of the
community projects, pink salmon eggs are taken from
the large hatcheries. In the northern mainland coast of
the province, spawning channels for pink salmon are in
two river basins while there are no other fish breeding
facilities there (Spilsted and Pestal 2009). Two small
hatcheries are located on the southern mainland coast
of British Columbia. Also, several community projects
ensure the release of about 1.5 million juvenile pink
salmon in the Fraser River lower reaches, according to
data from 2002 (MacKinlay et al. 2004). The odd-year
pink salmon broodline is only propagated in the Fraser
River watershed and the adjacent southern British
Columbia coast.

Figure 3. Commercial catch and release of juvenile pink salmon in British Columbia (Canada),
1977–2020. The graph showing the number of juveniles released within the province is shifted
forward one year, so that the release and catch data refer to the same generation of pink
salmon.
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Based on the understanding that pink salmon
juveniles migrate to the sea coastal waters
immediately after emerging from gravel, and due
to the low pink salmon market value in Canada,
juveniles were mainly released without feeding
(MacKinlay et al. 2004). Individual weight of
released fry is indicated in 0.1 g in the cited paper,
but this is likely an approximate estimate. In 2002,
as an experiment, one of the hatcheries kept about
3 million pink salmon juveniles in net cages in the
Campbell River estuary (unpublished data from
the Puntledge River hatchery, 2002). In 2007, this
approach was approved by the provincial regulator
and rearing cages were installed in several coves in
the Strait of Georgia (Van Will et al. 2009).
The pink salmon fishery in British Columbia is
carried out in the coastal area by purse seines from
low-tonnage vessels, gillnets, in rivers—by "fish
wheels" and nets. Some marine catches of pink
salmon, 1.6–3.0 million fish in 1990s and 350,000–
850,000 fish in 2000s in odd years, were taken by
American fishermen under the existing bilateral
agreement. Since 2001, pink salmon fishery in
Canada has been primarily carried out by the coastal
Indigenous communities. Pink salmon are also
caught by troll fishery with other salmon species.
Pink salmon catch is partially sold fresh and frozen,
but most of it goes to canned salmon production,
which is traditionally sold to markets in the UK and
Australia. Including the last significant odd-year
pink salmon broodline run in 2013, its annual catch
varied between 6.8–12.2 million fish in the current
century (Figure 3). After that, pink salmon fishery
harvest remains negligible in odd years, as well as
for the even-year broodline from the beginning of
1990s.
Pink salmon otolith marking is not conducted
at British Columbia hatcheries every year. It was
performed in 2011, 2015 and 2016 in the amount
of 200,000 to 900,000 fish. Data on hatchery pink
salmon return are not available. Pink salmon return
to hatchery-enhanced rivers tends to provide good
opportunities for sport and recreational fishers
on the east coast of Vancouver Island, while such
contribution is not evident throughout the southern
areas of the mainland coast after 2013. Estimated
pink salmon return rates for the east coast of
Vancouver Island hatcheries range from 0.96% to
3.5% (Van Will et al. 2009). For the Fraser River
Basin, hatchery pink salmon contribution to the total
return is estimated to be less than 5% (Grant and
Pestal 2009).
Fishery statistics are not indicative of pink salmon
run magnitudes to the British Columbia coast.
Thus, in the Fraser River, the share of pink salmon
catches in estimated run numbers has consistently

decreased since the 1970s: from an average of 74%
to 64% in the 1980s, 38% in the 1990s, to only 6%
in 2001–2007 (Grant and Pestal 2009). In 2009 and
2011, these shares slightly increased but did not
exceed 25% and 38%, respectively (Irvine et al.
2014). The correlation coefficient (r) between the
estimated pink salmon run numbers and the catch
size in the Fraser River basin is 0.37 in odd years
from 1985–2009. For example, this value is 0.99
for Aniva Bay off Sakhalin Island in 1971–2004.
Northwards along the British Columbia coast, the
exploitation rate of pink salmon remains even lower
than for the Fraser River stock (Irvine et al. 2014).
The reasons for low pink salmon fishery harvest
rates are a lack of interest of fishing communities
in this salmon resource due to low market prices
and limited catch processing opportunities
(Grant and Pestal 2009), as well as contradictory
recommendations for fishery management. On
the one hand, the pink salmon fishery is restricted
to preserve late-run sockeye and steelhead trout
populations, and on the other hand, increase of
pink salmon harvest was recommended since its
juveniles, numerous in even years, could compete
for food resources with juvenile sockeye salmon
in the Strait of Georgia (Beamish et al. 2010).
Average pink salmon body size of both broodlines
significantly decreased in the 2000s (Irvine et al.
2014) which also reduced the attraction of pink
salmon fishery. After 2013, coastal communities
have been deprived of the incentive to develop a
commercial pink salmon fishery due to weak pink
salmon run along most of the British Columbia
coast.
East coast of Sakhalin Island, Russia
There are currently 28 fish hatcheries and one
hard-wall nursery operating on the eastern coast
of Sakhalin Island. Seven of the largest hatcheries
provide for the main contribution to pink salmon
propagation while each of several smaller private
fish hatcheries release up to five million pink salmon
juveniles per year. In general, the numbers of pink
salmon released from the Sakhalin eastern coast
ranged from 120 to 250 million fish in 1990s–2000s.
About 60% of this amount came from Aniva Bay—
the rest from the Sakhalin southeastern coast.
Pink salmon fry are usually released from Sakhalin
hatcheries without supplementary feeding or after
short-term feeding with a body weight of 0.2–0.35 g
(Zaporozhets and Zaporozhets 2011).
The main fishing gear for pink salmon in the
Eastern Sakhalin has been, and remains, a fixed
trap net. In the 1980s, the number of trap nets on
the entire Sakhalin coast varied from 90 to 250
units depending on fishery expectations. As pink
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Figure 4. Share of hatchery pink salmon (light part of the columns) in the commercial catch
of pink salmon in the Eastern Sakhalin (according to Stekolshchikova 2015, explanations are
in the text), 1971–2020. Where the catch is indicated by gray bar, no subdivision was made.
The graph showing the number of juveniles released from the Eastern Sakhalin coast is shifted
forward one year, so release and catch data refer to the same pink salmon year class.

salmon runs have grown, the trap net number has
increased several times: from 297–428 units in the
1990s, 275–533 units in 2001–2010, and 546–913
units in 2011–2017 (Lisitsyn 2014, with additions).
In addition, the stationary gillnet fishery has been
allowed within the fishing grounds since 2013. Since
2009, the wide use of fish-counting weirs and fish
passages as fishing gear, which were previously
used on hatchery-enhanced rivers only, became an
additional fishing pressure on pink salmon stocks.
Fishing brigades often catch pink salmon with
seine nets in the near-coastal areas and estuaries
of spawning rivers, especially during periods of
stormy weather that interferes with the navigation
of boats serving the trap nets. Since 2011, the
commercial fishery grounds have been established
in several spawning rivers on Sakhalin island despite
the ambiguous assessment of such a regulatory
measure by both scientists and fishermen. In
2011–2014, 49 commercial fishery grounds were
established in the island rivers and allocated to
users in the Sakhalin Oblast (Lisitsyn 2014).
Back in the 1990s, the pink salmon fishery in
Sakhalin heavily depended on the fish processing
fleet availability. In some years of massive pink
salmon run, limited processing capacity hindered the
fishery and significantly impacted its results, e.g., in
1989. Then, in the late 1990s–early 2000s, dozens
of fish processing plants and workshops were built
and upgraded. These facilities can process the entire
catch of the pink salmon fishery on the Sakhalin
coasts nowadays.

Pink salmon catch on the eastern Sakhalin
increased markedly since the late 1980s and
reached a maximum of 155.5 million fish for oddyear broodline in 2009. In even years during this
period, pink salmon catch generally did not exceed
25 million fish, then jumped to 69.7 million fish in
2006 and “entrenched” at the level of 42.6–56.5
million fish in the even years of 2008–2018 but fell
to 11.9 million in 2020. During the same time, in
odd years, pink salmon run magnitudes and catches
began to decline sharply after 2009 despite the
increase in fishing efforts. In 2017, pink salmon
fishery harvest on the eastern Sakhalin barely
exceeded 8.5 million fish, in 2019—5.5 million fish
(Figure 4).
As in Hokkaido, in years of pink salmon run
increases, some specialists attributed it to the
success of hatchery propagation (see review in Kaev
and Ignatiev 2015). The most optimistic assessment
of hatchery pink salmon contribution to the total
catch reached 33% (Belousov et al. 2002) while the
released fry return rate in 2001, which is discussed
in the cited article, should have been 14.6%.
Such overestimate, to a greater extent, reflects
the imperfection of assessment method and/or
incorrectness of assumptions made by the authors.
Studies of the relationship between pink salmon
return and numbers of downstream migrants from
the natural spawning grounds and hatchery releases
allowed to conclude that changes in catches were
mainly determined by changes in productivity of wild
stocks (Kaev and Ignatiev 2015).
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Since 2008, large-scale pink salmon otolith
marking has begun at the Sakhalin hatcheries
releasing juveniles into rivers of the Aniva Bay.
That made it possible, starting in 2010, to obtain
the first quantitative estimates of hatchery pink
salmon returns. The share of hatchery pink salmon
released from two main hatcheries in pink salmon
catches in the Aniva Bay varied from 8.1% to 14.7%
in 2010–2013 (Stekolshchikova 2015). Considering
pink salmon releases from two other hatcheries,
pink salmon straying, and intercepting the pink
salmon fishery along the southeastern coast of the
Sakhalin Island (Antonov et al. 2014), it is possible
to presumably increase the share of hatchery pink
salmon returning to Aniva Bay, up to 12–21%.
Pink salmon catch in Aniva Bay contributed 17.8%
(2010), 5.0% (2011), 11.2% (2012), and 1.2%
(2013) to the total catch in the eastern Sakhalin in
those years. If the pink salmon hatcheries in the
southeast Sakhalin worked as successfully as the
Aniva Bay hatcheries, then the share of hatchery
pink salmon in total catch by eastern Sakhalin
fishermen varied from 0.2% (2013) to 5% (2010),
2.6% on average over four years.
Similar calculations were recently repeated for
pink salmon released from the largest specialized
Anivsky hatchery (Myakishev et al. 2019). Analyzing
data on otolith-marked pink salmon bycatch,
authors concluded that fish originating from the
Anivsky hatchery releases contributed 1.75% of
pink salmon catch in Aniva Bay in 2010–2016. The
Anivsky hatchery released about 50% of all hatchery
pink salmon fry into Aniva Bay (Leman et al. 2015);
therefore, it appears that estimates of hatchery
pink salmon share should be lifted up by 3.5%, or
even by 5.86% in more productive 2010–2013, as
calculated from Table 3 in Myakishev et al. 2019.
However, as it is shown in Table 1 of that article,
authors a priori considered pink salmon escaped
to natural spawning grounds above the hatchery
weir as fish originated from the Anivsky hatchery
releases. Therefore, their estimates can not be
considered unbiased.
In 2015–2018, releases of juvenile pink salmon
from the Eastern Sakhalin hatcheries have been
gradually decreasing, which is explained by a
massive reorientation of fish breeding facilities
towards intensification of chum salmon propagation,
even in those places where conditions for this
salmon are not optimal (Kaev and Ignatiev 2015).
In 2019, release of pink salmon fry was slightly
increased but not to the level of the first decade of
the current century.
Iturup Island, South Kuriles, Russia
Pink salmon propagation on Iturup Island
also has a long history (Smirnov et al. 2006). In

1979–1984, juvenile pink salmon releases exceeded
200 million fish per year, but expected increase
in salmon catches did not occur, except for 30.2
million fish in 1985, in the year of the largest pink
salmon fishery “failure” in the western Kamchatka.
It was suggested that the carrying capacity of
coastal bays and inlets was exceeded when too
many pink salmon juveniles were released (Smirnov
et al. 2006). Adjustment of release plans and
the subsequent restructuring of Russia's national
economy after 1991 led to a sharp decrease in the
number of released juveniles, below to 65.8–76.4
million fish in the second half of 1990s. Then, under
new economic conditions, the two largest hatcheries
were leased out and fully resumed functioning.
An average 119 million juvenile pink salmon were
released from the Iturup Island coast in 2002–2014
because of this hire purchase leasing. The total
number of salmon hatcheries on Iturup Island more
than doubled from 2005 to 2016: from six to 13
hatcheries. Pink salmon juveniles are released by
four to five hatcheries (Leman et al. 2015).
Pink salmon juveniles are released from the
Iturup Island hatcheries in the first half of June
depending on near-coastal water temperature and
dynamics of downstream migration of wild pink
salmon. In recent years, pre-release feeding of pink
salmon juveniles has been practiced for up to two
months. As a result of feeding, the average weight
of juvenile pink salmon increased from 0.2–0.3 g to
0.35–0.5 g (Boyko 2014; Lavrik 2016).
Meanwhile, pink salmon catch in the southern
Kuril Islands remained fairly stable: 21.9–28.7
million fish were caught in even years from 1994–
2004, 10.8–17.8 million fish in odd years from
1995–2003. From 85% to 94% of these harvest
amounts were taken from the Iturup Island coast.
Then, pink salmon catch reached a maximum in
two adjacent years (2006 and 2007) at the level of
32.6–32.7 million fish, after which run magnitudes
and catches began to decline—sharply for the oddyear broodline and more gradually for the evenyear broodline (Figure 5). In 2016–2020, with the
exception of 2018, pink salmon catch on the Iturup
Island coast stabilized at a low level of 10.8–14.1
million fish. In 2018, the year of largest pink salmon
run and catch in the Sea of Okhotsk region, 30.6
million pink salmon were harvested on Iturup Island.
The pink salmon fishery on Iturup Island is
carried out by fixed trap nets and, to a lesser extent,
by beach seines. In the 2000s, there were about
100 fixed trap nets throughout the island coast.
Catch processing is carried out by both onshore
facilities and fish processing vessels. Weak returns
after productive years in the mid-2000s led to the
decline of pink salmon fry releases. Almost all newly
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Figure 5. Commercial catch and release of juvenile pink salmon in the Iturup Island (Russia), 1972–
2020. The graph showing the number of juveniles released from the Iturup coast is shifted forward
one year, so that the release and catch data refer to the same generation of pink salmon.

commissioned fish breeding facilities are focused on
chum salmon propagation. There is a re-profiling
of those capacities at which pink salmon were
previously propagated (in particular, the Reidovy
hatchery). As a result, the numbers of juvenile pink
salmon release decreased in 2016 (66.2 million fish)
to the level of the second half of the 1990s but was
restored again to 122–140 million fish in 2017–
2019.
Since 2009, the Reidovy hatchery on Iturup
Island started releasing otolith-marked juvenile pink
salmon. The numbers of released otolith-marked
pink salmon amounted to 50 million fish in 2009,
91 million in 2010, and 115 million fish in 2011
(data by E.G. Akinicheva, SakhNIRO). In smaller
amounts, otolith marking of pink salmon continued
in the hatchery at the Ketovy Stream until 2015,
when 26.5 million fish were marked (Akinicheva et
al. 2016).
Unfortunately, the data on marked pink
salmon return to the Iturup Island coast remain
unpublished. According to the SakhNIRO data,
upon the return of the first otolith-marked pink
salmon release, 19 otolith marks were found out of
439 investigated fish sampled in the coastal area
and the hatchery-enhanced stream of the Kurilskiy
hatchery in 2010. This preliminary estimate (the
share of 4.3% in pink salmon return in the vicinity
of the hatchery-enhanced river) is slightly higher
than those obtained for juveniles released from
the hatcheries in Aniva Bay. Marked pink salmon
juveniles were recorded in trawl catches in the Sea
of Okhotsk during the autumn trawl surveys of
TINRO-Center. In 2014, out of 1,023 investigated

pink salmon, 15 had a thermal mark on the otoliths,
including seven fish released from the Iturup Island
hatcheries (Chistyakova et al. 2015).
Chum salmon
Northern Honshu and Hokkaido, Japan
The main purpose of chum salmon propagation
in Japan was a restoration of their stocks, which
suffered from massive unregulated fishing (Nagata
et al. 2012), as well as from river alterations and
pollution (Zaporozhets and Zaporozhets 2011).
Currently, according to different sources, there are
between 262 and 303 active hatcheries in Japan,
129–160 in Hokkaido and 133–143 in Honshu
(Miyakoshi et al. 2013; Kitada 2014, 2018).
The National Institute of Fisheries Research and
Education of Japan maps, available from Iida et al.
(2018), show locations of 113 private hatcheries
on the Hokkaido island coast and 129 hatcheries,
six of which are not functioning, on the Honshu
island coast. The location of 13 national hatcheries
in Hokkaido, and three hatcheries of prefectural
subordination in Hokkaido and five in Honshu is also
shown there. The ratio of chum salmon releases
between private and national hatcheries is 87% to
13% (Kitada 2014). Most of the hatcheries, about a
hundred in Hokkaido, provide all cycles of artificial
reproduction from egg incubation up to the release
of juveniles. Some small hatcheries are engaged in
rearing fry only, receiving eggs or fry from larger
national and private hatcheries (Zaporozhets and
Zaporozhets 2011). Juveniles being released from
the national and prefectural hatcheries are a subject
to thermal marking of otoliths while juveniles from
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private hatcheries are marked only during scientific
research (Miyakoshi et al. 2013).
Chum salmon eggs are collected from September
to December on weirs installed in 75–80 rivers.
Depending on the latitude of the hatchery, eggs
are incubated at a water temperature of 6–9°C
from September to January in box-type incubators
containing 500 thousand eggs each. The hatched
larvae are kept in darkened channels. The fry that
have risen afloat are transferred to rearing channels
with a water temperature of about 4–12°C and fed
with dry granulated feed for about two months.
Feeding at hatcheries has been practiced since 1966.
There is a recommendation to grow chum salmon
fry to a length of 5 cm and body weight of at least
1 g at the time of release, which is regulated both
by increasing the volume of water in which the
juveniles are kept and regulating its temperature.
On the Honshu Pacific coast, where the climate
is warmer, the incubation period begins earlier, and
chum salmon are mainly released from mid-March
to early May (Yatsuya et al. 2018) while on the
southern Hokkaido coast fish are released mainly in
May. In cooler eastern Hokkaido regions, juvenile
chum salmon release begins in late April and ends in
early June. Chum salmon juveniles are released into
140–145 Hokkaido rivers, more often in the lower
reaches, and in 74–80 cages in the coastal area.
Sea cages for juvenile chum salmon rearing began
to be used in the early 1970s; juveniles are released
from them in the second half of May (Kasugai et al.
2018). Average weight of juveniles released into the
rivers in Hokkaido is about 1.2 g, from cages in the
coastal area—1.6–1.7 g and more (1.93–2.12 g in
the 2005–2006 experiment, according to Kasugai et
al. 2018).
Time of chum salmon fry release in Hokkaido
is considered optimal at the coastal waters’
temperature in the range of 5–15°C, preferably
8–13°C. The “optimal” release pattern assumes
that the fry will have time to grow up to 7 cm
before the water in the coastal area warms up to
13°C (Miyakoshi et al. 2013). The share of juvenile
chum salmon released in the Hokkaido coastal
areas from cages increased from 2.6% in 1983
to 9.17% in 2006 (Kasugai et al. 2018). It was
noted that juveniles reared in marine cages have a
weakened homing ability in relation to the river of
the hatchery location where they were reared, but
they spend more time in the coastal area and prevail
in commercial fishery catches here (Kasugai et al.
2018).
In 2006, K. Morita et al. (2006a) reported on the
existence of numerous natural populations of chum
salmon in Japanese rivers, which could make a

significant contribution to chum salmon reproduction
and commercial catch. Thus, the portion of the wildborn chum salmon amounted to 34% of the catch at
the Chitose hatchery weir in 2008 (Morita 2014). In
illustration to this article, the contribution of natural
populations to the total chum salmon production in
Hokkaido at the beginning of the second decade of
the 21st century was roughly estimated by K. Morita
at 30%, while he earlier agreed with the general
opinion that hatchery chum salmon mainly return to
the Hokkaido coast (Morita et al. 2006a). K. Morita
has also noted a decrease in the number of rivers
from which hatcheries take chum salmon eggs for
incubation, from 150–160 rivers in the first half of
1980s to 70–80 rivers in 1995–2004. Accordingly,
only about the half of chum salmon fry were
released into the rivers, which their parents entered
in 2002–2004 (Morita et al. 2006a).
The chum salmon fishery is carried out in the
coastal areas of Hokkaido and northern Honshu by
larger stationary net traps from the end of August
to December (Saito 2015). The number of traps
was increased significantly with the growth of chum
approaches, from 400 in the late 1960s up to almost
a thousand in the mid-1990s, with a gradual decline
to 850 in the mid-2000s (Morita et al. 2006a). For
the needs of hatchery propagation, chum salmon
are caught before the hatchery weirs in rivers. This
catch amount is small compared to the commercial
chum salmon fishery harvest. Thus, 1.78 million
adult chum salmon were caught in rivers with
their total weight being roughly 2,135 mt in 2019
(Fukuzawa and Gohda 2020).
Return rate of Japanese chum salmon varies
greatly by region. For year-classes of 1976–1998,
the return rate on the western Honshu coast
averaged 0.3%, while in the Okhotsk management
region of Hokkaido—4.7%, and in the Nemuro
region—even 5.9%. In other areas, the chum
salmon return was characterized by intermediate
mean values—from 1.7% to 3.1% (Saito and
Nagasawa 2009). Similar estimates are given by O.
Hiroi (1998). In Hokkaido, the chum salmon return
rate steadily exceeded the level of 2% from 1968
to 1984, 3% since 1984, and 4% since 1989. In
Honshu, chum salmon return rate remained in the
range of 0.6–2.5%. The maximum return rates of
chum salmon to the Hokkaido island coast were
recorded for year-classes from spawning in 1999
(6.8%) and 2001 (6.9%); the maximum numbers
of return, about 61 million fish, took place in 2004
(Kitada 2014). Commercial chum salmon catch in
Japan exceeded 80.88 million fish in 1996, after
which it decreased to 42.55 million fish in 2000. By
2004, the catch recovered to a level of 69.66 million
fish, but then steadily decreased to 17.3 million fish
in 2019.
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The maximum chum salmon catch in Hokkaido
(60.49 million fish, including catch in rivers) took
place in 2004 (Figure 6). After that, the return rate
in Hokkaido decreased from 3.6–6.9% for chum
salmon year-classes from spawning in 1996–2005 to
2.4–3.8% from spawning in 2008–2011, and for the
fully returned year-classes from spawning in 2012
and 2013—to 1.1% and 1.3% only, according to
data kindly provided by M. Kaeriyama. The reasons
for the continuing decline in chum salmon hatchery
propagation in Japan are mainly associated with
climate changes and technology fallacies. Limited
technical capabilities of hatcheries, in terms of
young chum salmon rearing and releasing, has led
to unfavourable release conditions in coastal areas;
hatchery releases were performed at unfavourable
times, when the water had not yet warmed, and
the food base has not been sufficient (Miyakoshi
et al. 2013). The poor survival rate of juvenile
chum salmon at sea is also associated with climate
warming, in particular the destruction of the
“corridor” with favourable environmental conditions
for the migration of juvenile salmon from the coast
of Japan to feeding grounds in boreal latitudes
(Kaeriyama et al. 2014).
An “aging” phenomenon of the super-population
of Hokkaido hatchery chum salmon should be noted,
which displays itself in a change of ratio in return
of fish at different ages. At the initial stage of the
successful chum salmon hatchery propagation until
1982, individuals that matured at the age of 1+
(two years old) were noted in the return. Until 1991
inclusively, the proportion of three-year-old fish that

matured and returned to spawn averaged 19% of
year-class numbers. There were, on average, 3.9
million fish aged 2+ in the catch of chum salmon in
Hokkaido in 1972–1991. On the contrary, only 5.6%,
or 2.2 million three-year-old chum salmon were
recorded in year-classes from spawning in 1992–
2019, even though the most massive returns and
significant catches occurred in those years. The first
six-year-old chum (5+) was sampled in 1985. The
average share of this age group in return of chum
salmon year-classes from spawning in 1979–1986
was about 1%, which is equal to about 320,000
fish in the catch in Hokkaido in 1985–1992. After
1992, the share of six-year-old chum has averaged
3% of the number of year-classes from spawning in
1987–2013, and their number in the catch averaged
1,280,000 fish in 1993–2019. At the same time, it
cannot be said that the number of three-year-old
chum salmon in the catch consistently decreased
while the number of six-year-olds gradually
increased. In some of the latest years (2014, 2017,
and 2019) the number of three-year-old fish in the
catch was significantly higher than the average
level, in the range of 2.5–3.2 million fish. There
were few six-year-old chum salmon in 2016, 2018,
and 2019—estimated to be from 170,000 to 385,000
fish of the total catch in Hokkaido.
Lower survival rates of hatchery chum salmon
fry as compared to wild fry is usually explained by
the lower genetic diversity of hatchery juveniles
as a result of broodstock selection, inbreeding and
accumulation of “harmful” mutations, as a result
of higher survival rate at the stage from eggs to

Figure 6. Commercial catch by age classes and release of juvenile chum salmon in Hokkaido, 1968–
2019, data of the Salmon and Freshwater Fisheries Research Institute, Hokkaido Research Organization
and M. Kaeriyama, University of Hokkaido, pers. comm.
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released fry (83% in 1989–2018). It is believed
that carriers of such mutations would die in the
wild at an early stage (Araki et al. 2008; Kitada and
Kishino 2020). As a result, juvenile hatchery chum
are characterized by lower adaptability. The results
of genetic studies of hatchery-breeding salmon
allow conclusions on the effect of “domestication”
of artificially reproduced populations, which consists
in epigenetic reprogramming arising from keeping
hatchery salmon in a homogeneous technical
environment, feeding with artificial food that is
different from food available in nature, etc. (Christie
et al. 2012, 2016; Le Luyer et al. 2017). The
technical environment of hatchery favors certain
genotypes associated with domestication, and
artificial selection can lead to maladjustment to
climate change and act in a direction opposition to
natural selection (Tillotson et al. 2019). Epigenetic
modifications that occur during the hatchery rearing
of juvenile chum salmon can explain the decrease in
its viability.
Nine genes were identified, which distinguish the
genotypes of Japanese chum salmon populations
after analyzing the published data (Kitada and
Kishino 2020). Change in the allele frequency
of these genes can be determined by long-term
artificial hatchery reproduction of chum salmon.
The key functions of these nine genes are divided
into five categories of biological processes, including
reproductive function, immune response, DNA
damage repair, growth, and energy metabolism. It
is assumed that altered allele frequencies of these
genes in populations of the Japanese chum salmon
can reduce its homing ability. Location of feeding
and spawning grounds of Japanese chum salmon
requires extended migrations, including swimming
along the coasts, where other chum salmon
populations reproduce. This circumstance suggests
a higher straying of Japanese hatchery chum salmon
compared to other regional groupings (Kitada and
Kishino 2020). Also, the noted replacement of
alleles in genes adapted to elevated temperature
determines a decrease of the metabolic efficiency
in skeletal muscles, which is consistent with the
observations on low endurance (Kobayashi and
Ohkuma 1983; Sasaki 2018, cited after Kitada and
Kishino 2020) and metabolic efficiency (Shimizu
et al. 2016) of Japanese hatchery chum physical
activity.
Another important observation is that, with an
increase of chum salmon approaches, the average
weight of fish has consistently decreased since
the early 1970s (Ishida et al. 1993; Kaeriyama
1998; Kitada 2018). An opinion is expressed that
the Japanese hatchery chum salmon “loses” in
intraspecific competition with wild chum salmon
reproducing on the Russian coast of the Sea of

Okhotsk in more favourable climatic conditions
after the prohibition of driftnet fishing (Kitada
2020; Kitada and Kishino 2020). Based on these
ideas, Japanese experts predict that the status of
the Japanese chum salmon hatchery populations
will continue to deteriorate with the progressive
warming of the climate and the rise in sea water
temperature.
Southeast Alaska, USA
Fifteen private and two federally operated
research salmon hatcheries are located in Southeast
Alaska (Heard 2012). Financing of private hatchery
operations is carried out at the expense of
permitting them to catch about 30–35% of their
estimated fish production. In addition, hatcheries
belonging to two large regional aquaculture
associations (northern and southern) are partly
funded by a 2% deduction from the value of
commercial catch paid by fishermen. There are few
freshwater reservoirs in Southeast Alaska suitable
for rearing of juvenile salmon with a long freshwater
period. Therefore, the region specializes in hatchery
propagation of chum salmon, rather than more
commercially valuable salmon species.
Chum salmon hatchery propagation in Southeast
Alaska has developed quite rapidly. In 1980, 8.7
million juvenile chum salmon were released at eight
coastal sites and this number had increased to
454 million juveniles released at 22 sites by 2007
(Eggers and Heinl 2008). By 2013, the number of
chum salmon fry for the first time exceeded 500
million units released at 18 sites (Piston and Heinl
2014; NPAFC 2020). In 2010–2019, the average
number of released juveniles remained relatively
stable with a slight tendency to increase, with the
average release of 493 million fish. Over the past
five years, the average was 524 million fish (NPAFC
2020). Chum salmon contribute about 80% of all
Pacific salmon fry released in Southeast Alaska.
For incubation, eggs of both summer chum salmon
approaching the coast in July–early August and
autumn chum salmon returning to spawn in late
August–September are used. Summer chum salmon
are produced in larger abundance due to their higher
value for fishing.
At a hatchery, chum salmon juveniles are fed
for several months after hatching. Fry of summer
chum salmon weighing 2.5 g or more are released
starting in April, and autumn chum salmon weighing
more than 2 g are released mainly in May (Stopha
2015). Although the released chum salmon juveniles
are larger and more nourished than wild chum
salmon fry (Reese et al. 2008), these differences
are almost leveled out after a few weeks at sea
(Sturdevant et al. 2012; Kohan et al. 2013). Possible
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mechanisms of this phenomenon suggest a faster
“compensatory” growth of better adapted young
wild chum salmon and selective mortality of larger
hatchery fry (McConnell et al. 2018).

salmon barely exceeded 50% of the cost of hatchery
salmon production, and shares of other salmon
species, in the same sequence, were equal to 26%,
8%, 6%, and 9%.

The average return rate of chum salmon in
Southeast Alaska is slightly above the target of
2.5%, amounting to 2.8% in 1985–2011. In recent
years, estimates have slightly decreased, to 2.6%
over the ten years from 2007 to 2016 (Pryor 2017).
Considering the decrease in magnitude of chum
salmon run after a relatively prosperous 2017,
the return rate has probably decreased even more
significantly for the last three years.

The chum salmon fishery in Southeast Alaska
is carried out in the coastal areas by purse seine
and gillnets from low-tonnage boats, as well as
by trolling. Since 1994, before the fishing season,
a fishery management plan is approved, which
allocates the chum salmon quotas to three groups
of the fishing fleet using different fishing gear. The
main amount of chum salmon run is harvested
with net fishing gears, purse seines and gillnets.
On average, over ten years from 2007 to 2016,
2.9 million fish per year were caught by seines,
2.5 million—by gillnets, and 376 thousand fish—by
trolling (Pryor 2017). The recent maximum in chum
salmon catch was reached in 2012–2013 (Figure 7),
when 4.2–4.5 million chum salmon were caught by
purse seines. By trolling, a maximum of 936,000
thousand chum salmon were caught in 2013 (Pryor
2017). In combination with the high ex-vessel price
of chum salmon in these years, the period of 2012–
2013 remains the most successful in terms of the
chum salmon fishery in Southeast Alaska.

Contribution of hatchery chum salmon to the
fishery harvest is estimated to be quite high. A
recent report (ENRI 2001) assessed that hatchery
salmon accounted for 64% of the chum salmon
catch in Alaska in 2000. In Southeast Alaska and the
PWS, this share was 73% and 88%, respectively,
on Kodiak Island—26%. Similar estimates of the
share of hatchery chum salmon in the catch in
Southeast Alaska are provided for the first decade
of the 21st century: 73%, or about 5 million fish per
year (Piston and Heinl 2012). Considering estimates
for 2007–2016, chum salmon provided 78% of the
value of hatchery salmon production in Southeast
Alaska, while coho, Chinook, pink, and sockeye
salmon accounted for 12%, 6%, 2% and 2%,
respectively (Pryor 2017). Contribution of hatchery
chum salmon has significantly increased compared
to the initial period of fish-breeding corporations’
activities (1985–1993), when the share of chum

Close attention was paid to stock management
of hatchery and wild populations in Southeast
Alaska, and in particular to the intensity of the
fishery on mixed stocks, even during a period of
relative prosperity with the chum salmon run. It is
considered that sparse chum salmon populations
of small streams and creaks could be affected by

Figure 7. Commercial catch by age groups and release of juvenile chum salmon in the Southeast
Alaska, 1968–2020. Age composition data based on chum salmon by gillnets (all subareas) from the
Alaska Department of Fish and Game database kindly provided by Dion Oxman and Iris Frank, ADF&G.
For 2008—from the database of the otolith-marked chum salmon return (all fishing subareas + pass)
at https://mtalab.adfg.alaska.gov/OTO/reports/MarkSummary.aspx. Where the catch is indicated by
gray bar, no subdivision was made.
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age group ratio in pre-spawning approaches was
not constant (Figure 7). In the initial period of
resumption of chum salmon hatchery propagation,
the return of salmon at the age of 4+ was slightly
higher with a tendency to increase, from 29.5% in
1982–1992 up to 32.9% in 1995–2001, which was
reflected in the studies of that period (Ishida et al.
1993; Helle and Hoffmann 1995, 1998; Biggler et
al. 1996; Kaeriyama 1998). It has been suggested
that the “aging” of chum salmon populations is
associated with a decrease in the carrying capacity
of feeding areas in the ocean, as a result of both
increase in number of released juveniles and a
possible change in the climatic-oceanological
regime. Moreover, the total chum salmon catch by
all countries in the North Pacific Ocean reached
a maximum level of 116.5 million fish in 1996.
Nevertheless, the situation is reversed in Southeast
Alaska since 2002. The share of four-year-old
(3+) fish in this period averaged 68.0%, and the
proportion of fish aged 4+ and 5+ decreased to
25.3% and 0.6%, respectively.

Chum salmon eggs being fertilized at the hatchery. Photo
Credit: NPAFC Secretariat

heavy fishing pressure (Halupka et al. 2000; Piston
and Heinl 2014). Recently discovered significant
straying of chum salmon poses an additional threat
to small populations via crossbreeding by hatchery
populations. Hatchery chum salmon accounted
for 51.4% of the number of examined specimens
collected after spawning in a small spawning stream
in Southeast Alaska in 2015. Hatchery chum salmon
came to spawning grounds much later than wild
fish; it appeared to be earlier matured and differed
by smaller size both in general and in individual
age groups (McConnell et al. 2018). The hatchery
chum salmon lifespan in the spawning grounds
was two days shorter, and the amount of unlaid
eggs averaged 47% versus 19% in wild females.
However, this observation is explained by the later
dates of the migration of hatchery chum salmon,
which coincide with the warming of the water in the
stream and the massive run of pink salmon.
Fish aged 3+ dominated in catches along the
Southeast Alaska coast. They accounted for 66.2%
of the chum salmon catch during the period of
1982–2020. For the age group 4+, this proportion
was 27.7%, for 2+—5.1%, for 5+—1.0%. Sevenyear-old fish (6+) were encountered rarely. The

As in Hokkaido, a noticeable increase in
proportion of fish matured and returned to spawn at
the age of 2+ was observed in the age composition
of chum salmon catch soon after resumption of
its hatchery propagation in Southeast Alaska. In
1982–1987, their share averaged 7.5%, while only
2.7% in 1988–1992. The share of three-year-old fish
remains at a similar level in the period after 1994—
2.2%, if we exclude the years with sharp "bursts"
in the number of chum salmon of the younger
age group 2+: 1995 (11.9%), 1999 (8.7%), 2003
(6.9%), 2005 (11.4%), 2010 (13.4%), 2015
(10.0%), 2018 (30.0%) and 2020 (15.1%). There
is a line of returns of three-year-old salmon with a
four-year interval in 1995, 1999, 2003 that can be
drawn from the year-classes of 1983 (12.4%), 1987
(5.3%), 1991 (4.4%) and associate with heredity
supported by the most abundant 3+ age group.
Later, the four-year interval of this phenomenon
manifestation is disrupted, and the proportion of fish
aged 2+ sometimes reaches extremely high values,
up to 30% in 2018. Accordingly, the average age
of chum salmon in spawning approaches decreases
markedly in these years.
A decline in approaches and catches of chum
salmon has occurred in Southeast Alaska in the
past two years. In 2019, the failure of the forecast
(catch of 20.6 million fish, Brenner et al. 2019) and
the disappointment of fishermen were explained
by the overly optimistic expectations of forecasting
approaches based on the number of three-year-old
salmon returning in 2018. In 2020, the projected
catch of chum salmon was at the level of the
previous year’s catch (9.4 million fish, Brenner
et al. 2020), but harvested amount reached less

February 2021 | NPAFC Newsletter No. 49 | Page 45

than half. The hypotheses to explain the observed
decline have not been developed. It can be assumed
that experts are most thoroughly investigating the
impact on salmon of the “heat wave” that came from
the central Pacific Ocean and determined significant
positive water temperature anomalies in the Alaska
coastal area since 2014 (Bond et al. 2015). The
survival rate of salmon in rivers and, accordingly,
the spawning efficiency decreases under warmer
conditions. In 2020, the catch should have been
based on chum salmon from spawning/incubated
eggs in 2015–2016, in the “hottest” years in terms
of temperature anomalies. Although the escapement
goals and plans of egg collection by hatcheries were
certainly achieved in those years, the reproduction
of wild populations could be insufficiently effective
under the influence of the “heat wave”. From the
other side, as the studies in 2014–2017 showed,
although there were noticeable changes in the
“overheated” Gulf of Alaska ecosystems, juvenile
salmon migrating downstream from the rivers
in the region were able to meet their nutritional
needs by switching to alternative species of forage
zooplankton (Fergusson et al. 2020).
In 2021, fishermen and fish-culturists in Alaska
expect chum salmon return in the amount of 8.1
million fish, considering the situation of 2020 to be
a temporary phenomenon. At the same time, the
low numbers of all age groups in the 2020 approach
provides little reason for optimism.

Iturup Island—Kurile Islands, Russia
Wild chum salmon of Iturup Island belong to the
autumn run. Chum salmon spawning was observed
in more than 50 water bodies of the island, while the
abundance of spawning groups is mainly determined
by the stream conditions and the area of available
spawning grounds (Klovach et al. 2018). Depending
on location of the chum salmon spawning grounds,
two salmon ecotypes are distinguished: river and
lake ecotypes (Zhivotovsky et al. 2012). Natural
spawning of wild chum salmon is observed in all
large rivers and lake-river systems (Klovach et al.
2018).
Five hatcheries on Iturup Island continued
functioning until the beginning of the 21st century,
when the construction of one additional hatchery
began, and recommendations were also developed
on hatchery construction on four other streams
and in the Sopochnoye and Lebedinoye lake-river
systems. There was a real boom in the construction
of new salmon breeding facilities: the number of
hatcheries increased almost threefold, from five
to fifteen, in 2005–2019. One of the reasons was
the inclusion of the hatchery construction in the
federal target program (FTP) for the socio-economic
development of the Kuril Islands. Although the FTP
turned out to be corrected in the future, private
companies expecting to receive funds for the
construction, carried out the plan on their own. In
particular, there have been unique Russian salmon
breeding projects implemented for the operation of a
hatchery on spring groundwater, followed by keeping

Figure 8. Commercial catch by age groups and release of juvenile chum salmon in the Iturup Island
by age group, 1968–2020. Data on the age composition up to 2005 are kindly provided by Nataliya
Klovach, VNIRO, for 2006–2019—Yuri Ignatiev, SakhNIRO. The inset shows the catch in 1975–2001 on
a larger scale; Where the catch is indicated by gray bar, no subdivision was made.

Page 46 | NPAFC Newsletter No. 49 |February 2021

chum salmon fry in brackish water (Litvinenko and
Korneeva 2017).
Newly established salmon breeding facilities on
Iturup Island are almost exclusively focused on
chum salmon propagation. In addition, the large
Reidovy hatchery was completely re-profiled for
chum salmon breeding (30 million fry). As a result,
while releases of pink salmon juveniles decreased
in the past six years, the number of released chum
salmon has increased significantly, exceeding 250
million fish in 2017, and currently—300 million fish
(Figure 8).
At the time of chum salmon eggs incubation, the
water temperature decreases from 7.0°C in October
to 4.5°C in January (Boyko 2014). A hatching
schedule of pre-larvae is considered optimal with
a spending of 484.7–493.9 degree-days before
the beginning of March, which is close to the
conditions for embryo development in the natural
environment (Yefanov and Boyko 2014). In late
April and early May, juvenile chum salmon emerge
from hatchery tubs and begin to feed, with 30% or
less (Yefanov and Boyko 2014), but not less than
12.5% (Sergeenko 2007) remnants of the initial
yolk sac. Fry are fed from early–middle March with
dry granulated feed until juvenile chum salmon
reach a weight of 1.15–1.32 g (Lavrik 2016). At
the hatcheries with mixed freshwater and saltwater
supply, they begin to add seawater after ten days of
chum fry feeding (Litvinenko and Korneeva 2017).
Due to the higher temperature of the freshwater
source, fry feeding on these hatcheries begins in
February, and juveniles reach a weight of 1.25–1.60
g by the time of release. Chum salmon juveniles
are released in June, partly in the first ten days of
July, when the water in the coastal areas warms up
to a temperature of 6°C and higher (Boyko 2014;
Litvinenko and Korneeva 2017).
Chum salmon fishing on Iturup Island is
conducted mainly by fixed trap nets installed in
fishing grounds, as well as on fish counting/fish-pass
weirs of the hatchery rivers. In the 2000s, there
were about 100 fixed trap nets around the island.
In 2016, fishery venture “Kurilskiy Rybak” began
practicing a chum salmon fishery by purse seine
from low-tonnage boats, which makes it possible to
obtain salmon of a higher quality. Organization of
this seine fishery differs from the North American
style, where fishing operations are carried out by a
vessel owner under his own license and the catch is
subsequently sold to fish processing facilities.
Estimates of hatchery chum salmon return rate
to the Iturup Island coast in the literature vary
considerably. There is an opinion that its value
stably exceeded 2% from the mid-1990s to the

mid-2000s, and for some generations it reached
almost 9% (Smirnov et al. 2006). Some experts
raise the average score to > 4.0–4.5% (Yefanov and
Boyko 2014). To a certain extent, the amount of
chum salmon returns for the southern Kuril Islands
can be estimated by the mathematical ratio of the
number of released juveniles and their catch three
years later, since wild chum salmon returns from
natural spawning have provided insignificant catch
before the start of intensive hatchery propagation.
In this case, it is assumed that straying of hatchery
chum salmon to other regions and possible bycatch of transit chum salmon originated from other
regions compensate each other to some extent.
The calculated ratio for chum salmon catches in
1996–2020 averaged 3.2%. At the same time, with
an increase in the number of releases, there was
a gradual decrease from the maximum calculated
ratio of 5.4% for the period 2006–2010 below to
2.4% for the period 2016–2020. Similar calculations
performed for the return in 2013 and 2014 gave an
estimate of 2.67% (Shevlyakov and Chistyakova
2017). On the coast of the neighboring Kunashir
Island, chum salmon catches in the 21st century
have increased markedly, varying at the level of
560 thousand fish on average. The fact that the
main catch is made in the northern Kunashir Island,
where natural spawning grounds for chum salmon
are insignificant (Kaev and Romasenko 2017),
testifies in favor of assumption that by-caught chum
salmon came here from Iturup Island because of
straying.
As in the other areas of intensive chum salmon
hatchery propagation considered above, four-yearold salmon (3+) form the basis of the pre-spawning
run, accounting for 63.1% from 1974 to 2019.
Second place belongs to five-year-old fish (4+),
which accounted for 29.7% during this period.
An increase in the share of cum salmon aged 2+
in the period after the intensification of hatchery
chum salmon releases has also taken place. After
the chum juveniles release exceeded 50 million
fish in 1973, the share of three-year-old salmon in
pre-spawning approaches reached 21.3% in 1975.
On average, it amounted to 7.4% for 1975–1982
against 3.3% in later 1983–2005 (Klovach et al.
2018). A similar increase in the number of threeyear-old salmon after mass releases of chum
salmon juveniles from the Kurilskiy hatchery
in the 2000s was noted earlier (Zhivotovsky et
al. 2012). However, a general increase in chum
salmon abundance was stated due to the addition
of a hatchery fish component, including all age
groups. After the commissioning of new hatcheries
and the re-profiling of the Reidovy hatchery, the
share of three-year-old salmon in return increased
again, reaching 37.7% and 23.9% in 2017 and
2018, respectively. After an increased approach of
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chum salmon aged 2+ in 2017–2018, a significant
approach of fish aged 3+ was observed in the next
years, which determined the catches of a record
7.83 million chum salmon in 2018 and 8.63 million
in 2019. Nevertheless, the preseason forecast for
2020 based on the average ratio of age groups of
chum salmon for previous years did not come true.
The actual abundance of chum salmon approach
was approximately half the predicted value of 8.03
million fish (Elnikov et al. 2019).

Kodiak Island, the southern coast of the Alaska
Peninsula, and Southeast Alaska, where catches
have also increased proportionally. In addition,
a decrease was shown in the ratio of number of
wild pink salmon return to the number of parental
year-class escapement against the background of
increase of hatchery juveniles’ releases (Hilborn and
Eggers 2000, 2001). Similar concerns were raised
about wild chum salmon of the lake ecotype on
Iturup Island (Zhivotovsky et al. 2012).

Since chum salmon catches showed a noticeable
increase until the last year, experts have not yet
expressed any worries about the weak approaches
of chum salmon in 2020, considering this case
as a combination of unfavourable circumstances
for salmon survival at sea. Concerns about the
sustainability of stocks have previously been
expressed in relation to the projected impact of the
numerically predominant hatchery chum salmon on
wild populations. Zhivotovsky et al. (2012) noted
the rapid expansion of hatchery chum salmon from
the Kurilskiy hatchery to the natural spawning
grounds of Lebedinoe Lake and the displacement of
chum salmon of the lake ecotype from traditional
spawning grounds.

The opposite opinion emphasized that pink
salmon abundance in the PWS reached significantly
higher levels in the 1990s than during the previous
period of stock abundance growth in the 1930s and
1940s (Wertheimer et al. 2001). It was noted that
the wild pink salmon rate of return to escapement,
although it had decreased, remained the highest
in the PWS in relation to the other three fishery
regions. The decrease in escapement numbers was
attributed to fishery management improvements
that allow managers to keep escapement at an
optimal level, avoiding issues associated with over
exceeding escapement goals that was frequently
observed in previous years. Trophic and bioenergetic
studies of pink salmon juveniles did not reveal
intensive food competition in the PWS (Boldt and
Haldorson 2002), and the energy content in the
body of pink salmon juveniles depended more on
the conditions of local parts of the PWS than on their
origin (Boldt and Haldorson 2004). In subsequent
years, the results of pink salmon otolith marking
became the most powerful argument in favor of
obtaining a significant additional catch due to pink
salmon hatchery propagation. Also, as we can see
on examples of pink salmon propagation in the
eastern Sakhalin and chum salmon on Iturup Island,
hatchery salmon straying can be a cause of catch
increase in neighbouring regions. The significance of
hatchery salmon straying is impossible to estimate
without the otolith-marking program supplemented
by otolith collection over a wide area. Otolithmarked pink salmon from the Anivsky hatchery were
caught around both sides of the southern Sakhalin
and even on Iturup Island (Myakishev et al. 2019).

Despite the implementation of the program
of juvenile chum salmon otolith marking at the
Kurilskiy and Reidovy hatchery for ten years in
2008–2017, with production up to 78.3–153.5
million marked juveniles annually (Akinicheva et al.
2012, 2016; Chistyakova et al. 2015; Shevlyakov
and Chistyakova 2017), estimates of hatchery chum
salmon straying in the Iturup Island has not yet
been published, which may be due to the difficulties
in collecting otoliths in the vicinity of the hatcheries,
as well as to the difficulties in the formation of
well-readable marks on chum salmon otoliths noted
by many researchers (Akinicheva et al. 2012;
Shevlyakov and Chistyakova 2017).
Discussion
Based on the data presented, it can be concluded
that the task of establishing a sustainable “industrial
stock” of pink and chum salmon that supplies a
relatively stable fishery, was solved only in one of
the regions under consideration, for pink salmon
in the PWS. Nevertheless, back in the early 2000s,
the outcome of pink salmon propagation was not
perceived there so unambiguously. The point of
view was expressed that pink salmon propagation
negatively impacted wild stocks’ reproduction, and
hatchery pink salmon returns, in fact, replaced the
potential increase in wild stocks production, since
the carrying capacity of the PWS is limited. As an
argument, the data were presented on pink salmon
catches in three neighboring fishing areas—on

The success of the pink salmon hatchery
propagation program in the PWS appeared due
to a favourable combination of circumstances,
including established environmental conditions that
maintained salmon survival at a high level. As noted
above, an increase in wild pink salmon abundance
was also observed during this time. For 1991–2017,
the correlation coefficient of hatchery and wild pink
salmon in the PWS is quite high (r = 0.68), the
same with the total catch of pink salmon in Alaska
(r = 0.70). However, similar favourable conditions
and wild stock abundance increases were observed
in other regions of intensive hatchery propagation
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of pink and chum salmon. Why was an expected
stability of salmon returns due to the intensification
of hatchery propagation not achieved there?
For pink salmon in the eastern Sakhalin, the
main reason was likely an incorrect target to
increase stock abundance of the even-year broodline
to the level of abundance of the predominately
odd-year broodline. Despite the development and
implementation of new salmon hatchery propagation
biotechnology, as well as the reconstruction of
existing and construction of new salmon fishbreeding facilities in the mid-1980s, neighbouring
years continued differing by pink salmon run
abundance. In addition, well-expressed positive and
negative outliers began to be observed in chum and
pink salmon stock dynamics in the main regions of
their reproduction which coincided in time with the
progressive development of hatchery propagation of
these salmon species. Against this background, pink
salmon even- and odd-year broodline populations
showed a discrepancy in trends of their abundance
dynamics (Radchenko 2006), apparently due to
their different reactions to intensive hatchery
propagation. In the second half of the 2010s,
replacement of predominated odd-year broodline
by the even-year broodline occurred in the eastern
Sakhalin as well as in Hokkaido. This is unlikely
to be related with hatchery propagation since the
same phenomenon took place on both coasts of the
Kamchatka Peninsula at the same time.

reprogramming (Le Luyer et al. 2017) and change
in the allele frequency of key genes (Kitada and
Kishino 2020). It has been suggested that stress,
induced by the high intensity hatchery environment,
may play a significant role in the transition of
salmon otoliths to the vateritic isoform that can
be considered as an example of such epigenetic
changes (Sweeting et al. 2004). Further studies
should be focused on the assessment of degree of
difference in gene expression between the hatchery
and wild salmon fry.
There are some other reasons for the lower
survival rate of hatchery salmon juveniles. Thus,
three years after the new fish breeding facilities
started operations, the survival rate of released
juvenile coho salmon in the Strait of Georgia has
markedly decreased, which was associated with the
behavioral response of predatory fish aggregating
in the places of fry release (Beamish et al. 1992;
Nickelson 2003). Such observations lead us to
think about the prevailing role of the physical and
biological salmon rearing environment during their
marine phase.

Disputes about hatchery propagation
effectiveness, especially in relation to pink salmon,
continue to this day (Kaev 2010; Kaev and Ignatiev
2015). The relevance of the topic has reached a
maximum in recent years against the background
of a drastic decline in run magnitude and catches of
pink salmon in the Sakhalin region. Decline of chum
salmon returns to the Japanese coasts raises similar
questions to chum salmon hatchery propagation.
In areas northwards from Hokkaido, the last years’
fishery failures can be also considered as disturbing
evidence of the incipient stock abundance decline.
It is considered that the viability and,
accordingly, the survival rate of hatchery juveniles of
pink (Stekolshchikova 2015) and chum (Zaporozhets
and Zaporozhets 2017) salmon, as well as other
Pacific salmon species, e.g., coho salmon (Labelle
et al. 1997; Beetz 2009), is at times lower than the
survival rate of wild juveniles migrating from natural
spawning grounds. Extensive morpho-physiological
and histological studies of hatchery pink salmon
fry in 22 hatcheries of the Sakhalin and Kuriles
did not reveal any criteria by which hatchery fry
could be less viable than wild fry (Zelennikov et al.
2020). Probably, the difference is in gene expression
profiles due to the afore mentioned epigenetic

Chum salmon fry migrating downstream. Photo Credit: Eiko
Jones Photography
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Figure 9. Schematic mechanism of the formation of pink and chum salmon year-class abundance in regions of their intensive
hatchery propagation depending on the adaptability of juveniles after downstream migration. Explanations are in the text.

Undoubtedly, wild pink salmon juveniles
migrating from natural spawning grounds are of
more varied fitness and adaptivity than hatchery
juveniles raised under standard conditions. This is
evidenced by percentage of wild fry migrating with
the remnant of the yolk sac, as well as a wider
range of body sizes and weights than in hatchery
fry (Karpenko 1998; Shuntov and Temnykh 2008).
Considering this variability, and the evidence of the
lower, on average, viability of hatchery juveniles,
the situation with its survival depending on a
favourableness of environmental conditions can be
illustrated by the schematic diagram (Figure 9).
Let us assume that juvenile salmon will encounter
favourable conditions in the early marine period
of life, and juveniles with a relative adaptability of
20% of the maximum value and above will be able
to survive. This later interval includes all hatchery
juveniles, which will sharply increase the total
number of returns. Under unfavourable conditions,
when all juveniles with adaptability less than 50%
of the maximum will be eliminated, all hatchery
juveniles will also perish as a part of the conditional
“not adapted” stock. In a word, under favourable
conditions during the sea period, hatchery juveniles
of chum salmon and pink salmon survive en masse,
which results in a significant increase in salmon run.
Under unfavourable conditions, they die massively.
Indeed, in real conditions, an infinite number
of intermediate situations are possible, and, in

addition, random factors will act in relation to any
individual fish.
The adaptive ability of hatchery pink salmon
juveniles in the PWS is apparently close to the
natural level due to their rearing in cages and
release at their average weight twice as large as
that of wild juveniles (Boldt and Haldorson 2004).
This explains the situation when in several less
abundant year classes, apparently entering the sea
in unfavourable years, the share of hatchery pink
salmon in lower catches turns out to be higher and
more stable than share of wild pink salmon (see
Figure 1). In Hokkaido, for example, the opposite
situation is observed: the share of hatchery pink
salmon increases in larger total catches after years
favourable for downstream migration (see Figure 2).
Southern areas within pink and chum salmon
distribution range are characterized by a significant
decrease in salmon run magnitudes and catches
in recent years when compared to northern
ones. Along the mainland North American coast,
abnormally warm conditions in the ocean and on
land over three years in 2015–2017 and in 2019
were determined by the transfer of overheated
waters by the North Pacific Current, a phenomenon
called The Blob (Bond et al. 2015; Amaya et al.
2020), and also by the strongest El Niño in recent
years (Becker 2017). In salmon reproduction areas
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on the North American mainland (except Alaska),
there are negative consequences of climate warming
such as drought, frequent forest fires, a drop in
water level, and water warming in spawning rivers.
The survival rate of juvenile salmon is declining in
warmer near-shore waters off the British Columbia
coast. Thus, the survival rate of juvenile coho
salmon in the Strait of Georgia, where the average
surface water layer temperature (SST) increased
by about 1°C compared to the 1970s, negatively
correlates with SST: R2 = 0.67 (Beamish et al.
2010).
It is also getting warmer in the Russian Far
East. Compared to the 1980s, the average air
temperature in the Amur region, Primorye and
Sakhalin increased by more than 1°C (Roshydromet
2017). In relatively small Sakhalin rivers, such
warming can have a noticeable impact. In fact,
anomalous warming in freshwater ecosystems in the
southern parts of the species range affects salmon
stocks at two levels. At the population level, a drop
in the water level in rivers leads to a loss of the
area of available spawning grounds, increase in the
threat of predation and poaching, a decrease in the
choice of distribution in the water flow, an increase
in crowding and consequently the likelihood of stress
increases (Billard et al. 1990). At the level of an
individual fish, salmon have difficulty breathing in
warmer water due to a decrease in concentration
of dissolved oxygen and deterioration of the heart
muscle functioning (Farrell 2002), an increase in
the cortisol level in the blood, and a decrease in the
body's ability to produce leukocytes and antibodies
(Schreck et al. 2001). As a result, swimming activity
and the ability to overcome obstacles in the riverbed
are reduced (Young et al. 2006). In warmer water,
there is a sharp increase in the frequency of fungal,
viral and bacterial diseases affecting, first of all, the
gills and integuments (Wagner et al. 2005), as well
as an increase in the number of common parasites,
in particular, salmon lice (Rittenhouse et al. 2016).
In warmer waters, salmon take longer to recover
from stress caused by contact with fishing gear
(Raby et al. 2013).
In the Sea of Okhotsk that also receives
overheated water from the Pacific Ocean, the
mechanisms that form the hydrological conditions
of the epipelagic layer work differently than in the
open ocean off the North American coast. Due
to the warmer water advection into the Sea of
Okhotsk, temperature gradients in the thermocline
increase by the end of summer. This determines
more intensive mixing of the water column during
the transition season and a rapid cooling of the
surface layer. Intensive upper layer mixing and
cooling of surface waters is observed in winter due
to the increase in the number of stormy days that

prevent the formation of ice cover. As a result,
negative SST anomalies persist until June, which is
an equally important month for both pink and chum
salmon fry migrating from rivers and broodstock
returning from the ocean. The water temperature
in June largely determines the formation of the
standing crop of forage zooplankton. Thus, the
concentration of forage zooplankton in the waters
off the Kuril Islands in the colder summer of 2015
was significantly lower than in the warmer 2016
(Kuznetsova and Shebanova 2017). Although the
nutritional requirements of common nekton species
remain sufficiently secured by the gross zooplankton
biomass, comparatively, nutritional conditions of
salmon in the colder epipelagic zone deteriorate.
The oceanic boreal ecosystem in the southern
part of the pink and chum salmon rearing range is
evolving into a subtropical ecosystem introducing
new widespread species, in particular Japanese
sardine. Japanese sardine biomass began to recover
after a period of low abundance in the 1990s and
2000s, and the area of its feeding migrations will
expand further to the north. Migrating sardine
aggregations attract fish-eating predators, which
will increase in number, and thus the threat to
migrating salmon will also increase. Moreover,
increase of predation risk will occur both because
of redistribution and improvement of the predatory
fish and mammals’ reproduction in improved
feeding conditions. In addition to competition for
food resources and space, which, as shown by the
previous period of high abundance of Japanese
sardines, salmon do not withstand well (Temnykh
2005), a significant by-catch of migratory chum
salmon and pink salmon is possible in large-scale
pelagic fisheries, which is not fully covered by
existing mechanisms for collecting bycatch statistics
(Radchenko 2017).
Fishing in the period preceding maturation
and spawning is a powerful stressor (Chmilevsky
1991). Among pelagic fish, the stressful effect of
fishing has been well studied using herring as a
study object. It is well known that herring becomes
sensitive to technogenic noise accompanying fishing
in the period immediately preceding spawning
(Doksæter et al. 2012). Experiments have shown
that the keeping of caught herring in cages with
a high stocking density can cause a delay in the
development of germ cells, a decrease in the
quality of reproductive products up to the death of
embryos in the maternal ovaries, and an increase
in the prevalence of hemorrhagic septicemia virus
(Hershberger et al. 2001; Ojaveer et al. 2015).
It should be recalled that systematically herringlike and salmon-like fish are very close, and quite
recently the Salmonidae family was included in the
Clupeiformes order (Lindberg et al. 1997).
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Even short-term exposure to strong stressors,
such as contact with fishing gear, holding, and
transportation, causes in fish including salmon the
"reflex failure" manifested in a violation of normal
eating behavior, motion behaviour, and a slow
reaction to approach of a predator. In acute cases,
reflex failure leads to delayed fish death. Thus, coho
salmon released from a seine trap can die from the
effects of stress up to 20 days after being caught
(Davis 2007). The development of methods for the
rapid assessment of stress from fishing in real time
and the prediction of delayed mortality based on the
use of reflex-deficiency concepts has been identified
as an urgent task for fisheries science in the near
future (Davis 2007, 2010).
The stress of salmon before spawning negatively
affects egg quality. It was found that the content of
cortisol in eggs of coho salmon subjected to stress
under experimental conditions two weeks before
spawning is significantly higher than in control
samples (Schreck et al. 2001). In addition, several
stressors impacting fish tend to reinforce each
other's action (Power 1997). It can be assumed
that the cumulative effect of prolonged disturbance
in the process of the fishery and a decrease in the
supply of dissolved oxygen in warmer river water
has a significantly greater negative impact on future
offspring than each of the impacting stressors
separately.
Conclusion
Many aspects of salmon biology and ecology
remain unexplored, while the system for monitoring
their stocks needs improvements in its technical
equipment, e.g., research vessels, and expanding
capabilities. In these conditions, specialists from the
NPAFC member countries should unite their efforts
to study and preserve this unique group of fish,
which is advisable to do within the framework of
the International Year of the Salmon (IYS) program.
The implementation of the IYS project is performed
through the intensification of internationally
coordinated research and educational activities
aimed at studying the dynamics of salmon stocks
and their interdependence with human activities.
This is a good opportunity, given limited funding for
science, to raise common questions and solve them
using common resources.

(especially during the least studied wintering in the
ocean);
• Evolution of ecosystems of the Arctic seas
into salmon ecosystems, the formation of selfreproducing populations of salmon in the Arctic;
• Evolution of ecosystems in the southern part
of salmon rearing range into subtropical ecosystems
operated by large-scale pelagic fisheries;
• Interactions of wild populations and hatchery
stocks, assessment of degree of difference in gene
expression between the hatchery and wild salmon;
• Dynamics of the physiological status of adult
salmon during anadromous migration and factors
affecting it;
• Cumulative impact of natural and
anthropogenic stressors on salmon spawners.
A Pan-Pacific research expedition planned for
winter 2022 has the potential to give us at least
preliminary answers to some of the issues raised
in the article. Collected information and samples
will create a basis for improvement of fishery
management that currently frequently considers
convenience of fishery and fish-processing operation
as a priority in organization of salmon harvesting.
Meanwhile, during a time of prominent climate
change, a fishery can be conducted following the
most precautionary approaches with all measures
that will ensure effective natural reproduction
of stocks and economically profitable hatchery
propagation.
Further development of pink and chum salmon
hatchery propagation in the North Pacific should be
carried out, considering the practices and trends
that have received recognition in areas of its
successful propagation, namely location of breeding
facilities in certain areas of the coast, where the
impact of hatchery propagation on wild populations
will be minimized and it will be possible to organize
harvesting of predominantly hatchery return.

The issues of salmon stock dynamics, which are
of paramount importance for the development of
forecasts of their status and require intensive study
by joint efforts of scientists from the countries of the
North Pacific basin, are the following:
• The impact of climate variability on Pacific
salmon at different stages of the life cycle
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Announcement

Accepting Applications for the 2021
NPAFC Internship Program
APPLICATION DEADLINE: April 2, 2021
2020 interns Minje Choi (ROK) and Andrew Chin (USA)

T

he North Pacific Anadromous Fish Commission
(NPAFC) invites citizens from its member
countries (Canada, Japan, the Republic of
Korea, the Russian Federation, and the USA) to
apply for the NPAFC Internship Program. One or
two interns will be accepted upon approval of the
Commission. The intern will work at the NPAFC
Secretariat office in Vancouver, BC, Canada.
The intern will gain experience and knowledge
in operations of the NPAFC and will have the
opportunity to test his/her interest in international
governmental organizations, fisheries management,
salmon biology & ecology, and fisheries
enforcement. The intern will work under the
supervision of the Executive Director and/or his
designates. In general, the intern will assist in a
variety of tasks, including:
•

plan, develop, and complete an individual
project in enforcement, science, communication,
fisheries management, or administration;

•

prepare information for and provide support to
special projects including the International Year
of the Salmon (IYS) initiative;

•

assist in organizing and editing various NPAFC
publications;

•

coordinate international cooperative programs
and assist Secretariat activities; and

•

assist with other work delegated by the
Executive Director and/or his designates.

Internship period: Up to a maximum of 6 (six)
months, with the start date to be negotiated.
Start date must occur between the period of July–
December 2021. The intern is expected to perform
his/her tasks at the Secretariat office on a daily
basis, Monday–Friday, 7.5 hours per day.

Qualifications: Applicants must be a citizen of an
NPAFC member country, have a university degree,
the ability to read, write, and speak English, the
ability to use computers and the Internet, and
demonstrated personal initiative. Applicants must
currently be a part of the government or academic
sector, a recent graduate, or currently enrolled in
school for an advanced degree.
Financial support: NPAFC will provide a stipend
of CDN $2,500 per month. Travel costs for the
intern to and from his/her place of residence and
the location of the Secretariat will be at the intern’s
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.
Applications: Completed applications must include
all of the following:
•

A cover letter describing the applicant’s interests
and qualifications

•

Resume showing academic and/or work
experience

•

Three professional letters of reference

•

Personal Data Page of passport as citizenship
proof

E-mail the completed application to secretariat@
npafc.org by April 2, 2021. The selected intern will
be notified in early June of 2021.
For complete information: Go to https://npafc.
org and contact the NPAFC Secretariat for questions
at secretariat@npafc.org.
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Recipe

Salmon Tartare Kimbap
Recipe and photos by Minje Choi
2020 NPAFC Intern

K

imbap is one of the most popular foods in
Korea due to its simplicity and flexibility of
cooking if you only have steamed rice and
dried laver. Kimbap is especially famous as a picnic
dish since it is healthy, easy to carry, and easy to
eat—the only thing you need to eat Kimbap is your
clean hands. There are a bunch of ways to make
kimbap depending on its ingredients, and according
to personal preference. So, there is no reason to not
put salmon in Kimbap. With Salmon Tartare Kimbap,
you can enjoy salmon anytime and anywhere.

Ingredients
200 g

sockeye salmon

200 g

medium or short grain rice

2 papers

dried laver

100 g

chicory

1/3

red onion

50 g

green onion

4 large

eggs

1/3

lemon (juice)

4–5

black olives

2 tbsp

sesame oil

1 tbsp

olive oil
salt
pepper

Minje Choi was born and
raised in Busan, Republic
of Korea. Since the ocean
surrounds Busan, he naturally
fell in love with the ocean.
While an undergraduate
student, he found his
passion for sustainable
fisheries resources while
working as an intern at the
Ministry of Fisheries in Fiji.
After he graduated from
Pukyong National University
(PKNU) in 2017 with two
bachelors’ degrees in Marine Business Economics and
International Development, he decided to continue his
studies at graduate school to learn fisheries resource
management. During his time at PKNU, as a graduate
student, he participated in several projects relating to
fisheries resource management in Korea including “A
study on the effects of setting total allowable catch
(TAC) and catch limit” where he took a significant
role. Minje has published four research papers and
most relate to the application of Bayesian statistics
to fisheries resource assessment and management.
In recognition of his efforts, he received two awards
from international conferences—one award was
received from the PICES for his research of applying
the Bayesian state-space model to the bioeconomic
analysis for Korean fisheries. Minje graduated with
a master’s degree in Business Administration in
February 2020 and the main subject of his thesis
was the Bioeconomic analysis of small yellow croaker
(Larimichthys polyactis) for fisheries management.

All ingredients needed to complete the recipe.
Salmon Tartare Kimbap.
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Method
1. Steam rice according to package instructions.
2. Cut the salmon into small cubes and place them
in a bowl.
3. Finely chop red onion, chicory, green onion,
capers, black olives, and place in the same bowl.
4. Add one egg yolk, one tablespoon of olive oil,
salt as you want, and squeeze 1/3 of lemon, add
the juice into the bowl and mix it all.
5. Add a small dash of cooking oil and spread it
around a pan. Beat the remaining eggs together
and add the beaten eggs seasoned with some
salt and pepper into the pan. Cook both sides
well over medium heat. Place the egg omelette
on a cutting board and cut it into long strips.

An egg yolk is added to all the chopped ingredients (steps
3–4).

6. Add a small dash of cooking oil into the pan and
heat chicory over medium heat until it becomes
soft.
7. Put one tablespoon of sesame oil and one
teaspoon of salt on the rice. Mix well.
8. On each paper of dried laver, spread rice evenly
and thinly to cover about 2/3 of the laver.
9. Put salmon tartare, egg omelet, and chicory on
steamed rice and roll the laver.

Cook both sides of the omelette well, over medium heat
(step 5).

10. If the laver does not stick appropriately, you
can add water or a little steamed rice to make it
stick.
11. Slice the kimbap into any size you want and
enjoy!

Add all ingredients to the laver and roll (steps 8–9)

Enjoy your Salmon Tartare Kimbap!
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Upcoming Events
2021 IYS North Pacific Steering Committee Meeting
Dates: February 16–17, 2021 (16:00–17:30, Vancouver Time)
Venue: Online Meeting
Committee on Enforcement Joint Patrol Schedule Meeting
Dates: March/April 2021
Venue: E-mail Meeting
NPAFC 29th Virtual Annual Meeting
Dates: May 10–12, 17–18, and 20, 2021 (16:00–19:00, Vancouver Time)
Venue: Online Meeting
The Third NPAFC-IYS Workshop on Linkages between Pacific
Salmon Production and Environmental Changes
Dates: May 25–27, 2021 (16:00–20:00, Vancouver Time)
Venue: Online Workshop

NPAFC Representatives
Canada

Gerald Kristianson
Sport Fishing Institute of British Columbia
Carmel Lowe
Fisheries and Oceans Canada

Japan

Shingo Kurohagi
Fisheries Agency of Japan
Junichiro Okamoto
Japan Overseas Fishing Association
Yasushi Nakamura
Ministry of Foreign Affairs

Republic of Korea

Suam Kim
Pukyong National University
Eun Ah Kim
Korea Fisheries Resources Agency
Jung-re Kim
Ministry of Oceans and Fisheries

Russia

Vladimir Belyaev
Russian Federal Research Institute of
Fisheries and Oceanography
Kirill Kolonchin
Russian Federal Research Institute of
Fisheries and Oceanography

United States

Doug Mecum
National Marine Fisheries Service
Joe Mentor, Jr.
Mentor Law Group PLLC
Tommy Sheridan
Prince William Sound Aquaculture Corporation
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