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The Committee on Finance and Administration held its first 
virtual meeting in 2013, and their success provided the model 
used for the virtual annual meeting.  

Even as the virtual annual meeting was a success, it cannot 
replace a face-to face meeting where personal interaction is 
at the core of the meeting and communication is enhanced by 
interpretation.  It will only be a few short months before we will 
have the opportunity to meet again, when we will reconvene in 
Portland, Oregon, in May.  

I would like to take this opportunity to extend my best wishes 
to all my NPAFC colleagues and fellow officers for a healthy 
and prosperous New Year.  I send my warm best wishes to you 
and your families for the New Year, and I hope 2014 will be 
a successful and productive one for all of us and for all our 
salmon.  Happy New Year! I’ll be glad see you in Portland.

Our 21th Annual Meeting was completed two months ago.  
It was our first experience conducting the meeting by email.  
Because of everyone’s solid preparation and close attention 
during the meeting, it went smoothly and we completed our 
work efficiently.  The meeting proved to be an interesting 
experience and important progress continues to be made in 
the enforcement and scientific research responsibilities of our 
organization.  

Our joint enforcement efforts are successfully deterring 
illegal, unreported, and unregulated fishing activity.  In 2013, 
the Committee on Enforcement (ENFO) held its meeting in 
Vancouver, Canada, in the spring, where they reviewed the 
previous year’s activities and discussed patrol plans.  The 
Parties’ patrol efforts were successful and no vessels of interest 
engaged in driftnet or other types of illegal fishing activities 
were detected in as of October 2013.  I wish the ENFO 
continued success in coordinating their patrol schedules at their 
virtual meeting next March.  

Recent catches of Pacific salmon remain at near historic high 
levels and is a measure of the current well-being of the Pacific 
salmon population.  The total commercial catch in 2012 by our 
member countries was over 889,000 tonnes, and preliminary 
catch data for 2013 indicate particularly high catches of pink 
salmon in Alaska, Russia and Canada, and high chum salmon 
catches in Russia and Alaska.  

The Committee on Scientific Research and Statistics held a 
successful and informative workshop last spring in Honolulu on 
“Migration and Survival Mechanisms of Juvenile Salmon and 
Steelhead in Ocean Ecosystems” and the wealth of information 
compiled at that meeting is now available in NPAFC Technical 
Report 9.  
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2014New Year’s Message from the President By Vladimir Belyaev
NPAFC President

Vladimir Belyaev graduated from Perm State 
University and received his PhD at the Pacific 
Research Institute of Fisheries and Oceanography 
(TINRO) in Vladivostok.  He was director of the 
Khabarovsk branch of TINRO and then held 
several positions in Moscow including Department 
Director of Ecological Expertise at the Ministry 
of Natural Resources, Deputy Director of “Losiny 
Ostrov” National Park, and Deputy Director of the 
Interdepartmental Ichthyological Commission.  Until 

recently, Vladimir was the Department Director of Science and Education, 
Fisheries Agency of Russia (FAR), and Deputy Director for Russian 
activities related to the Convention on International Trade in Endangered 
Species (CITES). He became Professor in 2010.  Currently, he is the 
Representative of FAR in Denmark, a Counsellor of the Russian Embassy.  
In addition to Vladimir’s role as President of NPAFC, he represents the 
Russian Federation on numerous bilateral fisheries commissions.  His 
scientific interests include biology of pelagic fish, salmon, and sturgeon; 
marine ecosystems; protection of freshwater and marine waters; and 
fisheries economics.  

View of Mt. Hood from Portland, Oregon.  The 2014 Annual Meeting 
will be in Portland.  Photo credit: Travel Portland
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F&A
First Email Meeting of Committee on  

Finance and Administration By Gary Smith
F&A Chairperson

NPAFC’s Committee on Finance and Administration 
(F&A) conducted its annual meeting via email from 
September 23-27, 2013.  The “virtual” meeting format 
worked smoothly, thanks in large measure to the thorough 
planning of the meeting procedures by the Secretariat, 
and to the prior experience gained by the Research 
Planning and Coordination Meeting (RPCM) in using this 
format.  That said, not meeting in person inhibits thorough 
communication, and the committee looks forward to 
meeting in person again.

The most important function of F&A is to oversee 
the Commission’s finances.  I’m pleased to report our 
committee found that the Commission’s financial situation 
continues to remain sound.  

In its ongoing interest in the most accurate, useful 
financial information, the committee has looked at 
whether the Commission’s future pension obligations 
present any particular liability.  The assessment of 
any liability or surplus, of course, changes with the 
performance of financial markets.  The committee 
recommended adding to the budget a specific disclosure 
of the Commission’s asset or liability pertaining to its 
pension obligations.  The Commission will now track this 
matter in future budgets and note it in its financial rules.
The committee agreed to slate for consideration at the 
next meeting of F&A three matters raised by Canada.  

First, the Special Fund for Scientific Research (SFRS) has 
been getting smaller.  In recent years, the United States 
party has made voluntary donations to the fund, but this 
situation lacks predictability or fairness.  The committee 
will discuss the matter at its next meeting, in May 2014.

Second, there is a question regarding how the 
Commission can best deal with potential future liabilities 
for earned but unused staff vacation time.  The Executive 
Director agreed with the Parties’ concern.  The Secretariat 
will submit a proposal at the next F&A meeting on ways 
to spread the possible expenditure of the unused vacation 
time to avoid a future unusual budget stress.

Third, Canada observed that under the existing 
financial procedures, shifting the annual meeting to 
the spring potentially puts the Commission in the 
position of approving budgets without the benefit of 
a recent Auditor’s Report or the Secretariat’s Details 

of Items report.  As chair, I agreed to work with the 
Secretariat prior to the 2014 Annual Meeting to propose 
modifications in the financial procedures as may be 
appropriate.

F&A also continues to monitor implementation of 
measures adopted pursuant to the NPAFC Performance 
Review.  In the area of communications, the committee 
formally recommended adoption of the Communications 
Plan, directed that it be uploaded to the Members’ Area 
of the NPAFC website, and recommended the Secretariat 
report to the committee at the May 2014 meeting on how 
it is implementing the plan.  

Finally, the F&A accepted the invitation of the Japanese 
Party to hold the NPAFC’s 23rd Annual Meeting in mid-
to-late May, 2015, at a location to be announced at the 
2014 Annual Meeting in Portland, Oregon. 

Once again, I’m grateful to the all of the Parties for 
their diligent and collaborative participation in the F&A 
Committee work.  Further, I note the professionalism 
of the staff has been quite evident during the smooth 
transition of executive directors.  I know I speak for all 
the Parties in thanking the Secretariat staff for its hard 
work and attention to detail in supporting the committee 
and insuring the Commission’s business takes place 
smoothly and efficiently.  

Gary T. Smith has a long interest in fisheries 
conservation.  He serves on the boards of 
Long Live the Kings, a salmon conservation 
non-governmental organization, and the 
Seattle Aquarium Society.  Among other 
accomplishments, Gary helped design 
the successful hatchery reform program, 
launched in 2000, to scientifically evaluate 
the 200 anadromous fish hatchery programs 
in western Washington’s 100 state and tribal 
hatcheries.  He also helped the Washington 

Department of Fish & Wildlife develop its 21st Century Salmon and 
Steelhead Initiative to meet its responsibilities in recovering salmon 
and steelhead and provide sustainable fisheries.  Gary is a partner in 
Smith & Stark, a public affairs consulting firm in Seattle.  He also has 
served as Director of Policy and Communications in Washington, D.C. 
for one of Washington State’s U.S. Senators and has held positions in 
state and local government and the private sector.
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Enforcement News Update

Canada’s Operation Driftnet patrols began in 1993 after the 
United Nations imposed a moratorium on large-scale high-
seas driftnet fishing and banned the use of nets longer than 2.5 
kilometres in length.  The same year, NPAFC was established 
by the Convention for the Conservation of Anadromous 
Stocks, prohibiting directed fishing for anadromous fish in 
the waters of the North Pacific Ocean and its adjacent seas.  
Launching Operation Driftnet marked the beginning of the 
active phase of NPAFC cooperative enforcement activities 
among its member countries to eliminate illegal, unregulated, 
and unreported (IUU) Pacific salmon fishing.  

In recognition of the 20th Anniversary of Canada’s Operation 
Driftnet, an official reception was hosted last autumn 
by the Government of Canada at the Aviation and Space 
Museum in Ottawa.  Mr. Allan MacLean, Director General 
of Conservation and Protection, Fisheries and Oceans 
Canada, welcomed the event participants, introduced the 
spokespersons, and presented the Operation Driftnet video.  
Government officers, Ambassasor of Japan and the NPAFC 
Executive Director were among the attendees.
   
The Operation Driftnet video clip displayed significant efforts 
undertaken by several of Canada’s governmental departments 
to organize and conduct patrol activities in the North Pacific 
Ocean in collaboration with other NPAFC member countries.  
More than four million square kilometres are monitored by 
cooperative efforts every year, with more than 100 days of 
ship-time, 500 hours of aerial patrols, and employing radar 
satellite surveillance.  Blair Thexton, Fishery Officer of the 
Canada’s Maritime Security Operation Center, presented 
informative background on the operation’s aims, history, 
evolving tactics, and advanced technical equipment.  

State Reception RecognizeS canada’S 20th anniveRSaRy of opeRation dRiftnet

Group of speakers in the Operation Driftnet Anniversary Event venue.
Photo credit: Fisheries and Oceans Canada

A visit to a maritime patrol aircraft outside the museum’s hall 
gave the audience the “touch and feel” of the patrol experience 
and more opportunity to learn about aerial patrol capabilities.  
This showcased the capability of the aircraft surveillance 
display equipment including an infrared camera, which can 
identify types of vessels and their activities even in complete 
darkness.  

At the conclusion of the reception, attendees toured the 
museum collection that includes more than fifty historical and 
contemporary aircraft and helicopters, engines, equipment, and 
crew uniforms. 

Special tours will be hosted for schoolchildren all week to 
increase their understanding of these important efforts to 
protect fisheries resources.

Demolition of Bangun Perkasa in Dutch Harbor, Alaska, July 2013.  Photo credit: NOAA Enforcement.

iUU fiShing veSSel Bangun Perkasa iS ScRapped (see details in Newsletter No. 34)
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Introduction
It has been widely assumed that almost all Pacific 
salmon (Oncorhynchus spp.) in Japan originate in 
hatcheries (1, 2). One reason for this widespread 
belief is that there have been no quantitative studies 
that actually examined the contribution of hatchery or 
naturally-spawned fish (wild fish) to total production. 
However, recent studies examining the contribution of 
hatchery/wild fish by mass marking of hatchery fish 
have shown the contribution of wild salmon is far from 
negligible. Rather, it is large enough to constitute a 
substantial portion of fishery production (Fig. 1).

Japanese Wild Salmon Research: Toward a Reconciliation 
Between Hatchery and Wild Salmon Management

By Kentaro Morita
Hokkaido National Fisheries Research Institute (HNFRI)

Fig. 1. Recent estimates of the relative contribution of hatchery 
and wild salmon to total production in Hokkaido, Japan.

For ease of characterization, rivers in Hokkaido have 
been divided into four categories (4, 5).

 
Category I: non-enhanced rivers;  
hatchery-reared fish have never been stocked. 

Category II: non-enhanced rivers; hatchery-
reared fish have been stocked historically but are 
not stocked presently. 

Category III: enhanced rivers;  
hatchery-reared fish are stocked but returning 
adults are not captured for hatchery broodstock. 

Category IV: enhanced rivers;  
hatchery-reared fish are stocked and returning 
adults are captured for hatchery broodstock.

Light stippling indicates range of chum salmon producing 
rivers.  Red and blue dashed lines indicate southern limit of 
chum and pink salmon distribution in Japan.

Most of the important information regarding wild 
salmon in Japan has been written in Japanese because 
the primary group interested in salmon fisheries 
management is domestic personnel. English is still 
unfamiliar in the fisheries field in Japan, where writing 
in Japanese is the best way to disseminate important 
information to fisheries managers. As a result, the 
vast majority of Japanese wild salmon data is almost 
completely unknown to the non-Japanese speaking 
fisheries scientific community.

In this article I review reports, especially those written 
in Japanese for the benefit of the non-Japanese reading 
audience interested in wild salmon in Japan.  I also 
discuss future wild salmon management strategies for 
the sustainable use of both wild and hatchery salmon in 
Japan.

What is the ratio of wild and hatchery salmon in Hokkaido?
About Hokkaido
Hokkaido, the northernmost island of the Japanese archipelago, 
is Japan’s largest salmon producing area (see review in 
3). Approximately 200 rivers on Hokkaido have salmon 
populations, and native anadromous Oncorhynchus spp. include 
chum (O. keta), pink (O. gorbuscha), and masu salmon  
(O. masou). 
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Chum salmon
Miyakoshi et al. (4, 5) found that natural spawning 
occurred in 38–41 category I rivers, 12-18 category 
II rivers, and 39-45 category III rivers.  They also 
indicated there were 76-84 category IV rivers, but 
they did not note the number of rivers in this category 
containing naturally spawning fish. 

For category IV rivers, Morita et al. (6) estimated the 
contribution of wild fish to total chum salmon catch in  
eight rivers by identifying the ratio of otolith thermal-
marked hatchery fish to un-marked wild fish (7). The 
contribution of wild fish to the total catch in category 
IV rivers was estimated to be 28.3% (±1.2%), but 
the value varied considerably among rivers and years 
(ranging 0% to 50%). For example, about 38% of chum 
salmon captured in the Shari River were estimated to 
be wild fish. In fact, there are good spawning grounds 
in the Shari River system. 

In contrast, the estimated contribution of wild fish 
was 0% in the Yurappu River, despite observations of 
many naturally-spawning chum salmon in the river (8). 
The number of spawning wild salmon in the Yurappu 
may be substantially higher than originally estimated 
because most redds are located downstream of the 
hatchery weir and the estimate was based on wild fish 
captured at the weir (9).

This September 2013 photo shows chum salmon spawning 
in the Satturu River (approximately 15 km in length), a 
tributary of the Shari River. There is no hatchery located 
on the Satturu River, but many chum salmon have been 
observed migrating into the river.  Photo credit: K. Morita.

Pink salmon observed in the Horobetsu River (category 
I river) in October 2005. There are no historical records 
describing hatchery releases of pink salmon in this river.  
Photo credit: K. Morita.

Two other studies estimated the proportion of wild 
chum salmon in category III rivers, including ALC 
otolith-marked hatchery fish identified in the Uebetsu 
River (10) and adipose fin-clipped hatchery fish 
identified in the Toyohira River (11, 12). Both of these 
studies estimated about 70% of adult chum salmon 
were naturally-spawned fish. In the Toyohira River, 
the proportion of fish straying from other hatcheries 
was also measured, but this was found to be negligible 
(1.6%). The redd count of naturally-spawned chum 
salmon in the Toyohira River has been surveyed since 
1985 (13), making it the longest time series census of 
wild salmon in Japan.

Although the number of category I and II rivers is 
substantial, these rivers are generally small. Histori-
cally, hatchery programs targeted larger rivers produc-
ing substantial numbers of salmon. From a quantitative 
perspective, perhaps production of wild salmon from 
category I and II rivers is small, but these rivers may 
produce genetically important wild populations. 

So far, nobody has estimated the contribution of wild 
chum salmon to coastal commercial catches, which 
account for about 90% of the total commercial salmon 
catch in Japan. Hokkaido National Fisheries Research 
Institute (HNFRI) investigators are currently working 
to estimate the contribution of wild chum salmon to 
commercial fisheries. 
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Fig. 2. Changes in masu salmon catch in Hokkaido (red 
circles) and coho salmon catch in Russia (blue circles). 
Data source: 23, 24. 

Pink salmon
In recent years, there have been many in-river observations of 
natural spawning pink salmon and the presence of naturally-
spawned fry and adult pink salmon (14-17). Natural spawning 
of pink salmon is very common in rivers of Hokkaido’s 
Okhotsk Sea coast. In fact, at the age of 18, I bicycled around 
northeastern Hokkaido and during that trip I saw a lot of pink 
salmon in the rivers of that area.

Using a population model Morita et al. (18) estimated the 
contribution of hatchery pink salmon to commercial catches 
was 17.5% during the period from 1994 to 2003 and the 
balance was wild pink salmon. By identifying the ratio of 
otolith thermal-marked hatchery pink salmon in random 
samples from the commercial fishery, Ohnuki et al. (19) 
estimated the contribution of hatchery fish to coastal catches 
of pink salmon to be 16.6% and 22.6% in 2011 and 2012, 
respectively. Pink salmon population trends correlate with 
climatic variables related to the reproduction of naturally-
spawning pink salmon, namely rainfall and river discharge 
during fall of the two previous years (20). 

Earlier studies reported relatively high return rates of 
hatchery pink salmon (>10% in some years) by assuming all 
returns were hatchery fish (1, 2). However, these estimates 
appear to be exaggerated because most commercial catches 
are naturally-spawned wild fish, not hatchery fish. 

Masu salmon
Miyakoshi (21) estimated the contribution of hatchery fish 
to coastal catches of masu salmon based on tagging data in 
1994-2003. He estimated the contribution of hatchery fish 
to the total coastal catch was 14-26%. Recently, Urabe et 
al. (22) found masu salmon parr densities were significantly 
lower for stocked rivers than for non-stocked rivers, even 
though recreational fishing is often prohibited in stocked 
rivers. This suggests the need to consider the potentially 
negative effects of hatchery releases on wild production of 
masu salmon.

Masu salmon parr in the Charo River of eastern Hokkaido in Aug. 
2010. During the last few years the number of masu salmon in 
this river has increased dramatically without the benefit of artificial 
enhancement.  Photo credit: K. Morita.

Although masu salmon catches decreased gradually 
over the period 1970-2005 (3), they recovered rapidly 
after 2007 (Fig. 2). This increase, however, is region 
specific. Where there has been a large effort to increase 
masu salmon hatchery production along the Japan Sea 
coast, commercial catches continue to decline (r = 
−0.804, p < 0.001). In other regions (Pacific Ocean and 
Okhotsk Sea coast) where there has been a small effort 
to increase hatchery production, masu salmon catches 
have increased (r = 0.428, p = 0.018). 

From personal observations, I think recent increases 
in abundance of masu salmon in the rivers of eastern 
Hokkaido are remarkable. This may be, in part, due 
to climatic change. This hypothesis is supported 
by evidence that Russian catches of coho salmon, 
a species with a similar life-history, appear to be 
synchronized with masu salmon abundance (Fig. 2, r = 
0.630, p < 0.001).

Imai et al. (25) observed that all adult masu salmon 
upstream of the Chitose River hatchery weir were un-
marked wild fish, whereas adult masu salmon captured 
at the weir included hatchery-origin fish (hatchery/
wild = 127/19 in 2007, 13/183 in 2008). Because the 
hatchery weir operated between late August and mid-
December, wild masu salmon migrated upstream of 
the weir before August and the hatchery masu salmon 
migrated afterwards.



January 2014  |  NPAFC Newsletter No. 35  |  page 7

The hatchery weir located in the Chitose River. Most ascending 
salmon are caught here from late August to mid-December, but 
high-water flow events allow salmon to by-pass the weir (see 
inset). As a result, high water levels increase the number of 
autumn-run salmon carcasses found in an upstream tributary (26, 
27), which in turn increases the number of wild salmon in the next 
generation (see Fig. 5 in reference 6).  Photo credit: M. Kikuchi.

Fig. 3. Total number of chum salmon caught and the 
estimated contribution of naturally-spawned (wild) chum 
salmon at the Chitose River hatchery weir. The proportion 
of wild fish is given in parentheses. The dashed line 
indicates the minimum number of adults required for egg 
collection and production of 30 million hatchery fry. Data 
source: 6.

Winter-run chum salmon in the Chitose River observed in January 
2013. The river produces distinct stocks of autumn-run and 
winter-run chum salmon. The winter-run population is sustained 
by natural spawning.  Photo credit: K. Morita.

A case study of wild chum salmon in the Chitose River 
 

The Chitose River (42°50´N, 141°40´E) is one of the 
biggest enhanced rivers (category IV) in Hokkaido. Every 
year, 30 million hatchery-reared fish are stocked and 
returning adults are captured for broodstock. Almost all 
hatchery fry have been otolith thermal marked since 2002. 
Because water discharge is relatively stable in the Chitose 
River, few salmon can pass over the hatchery weir, but 
when flooding occurs the number of fish by-passing the 
weir may be substantial. Every day the number of fish 
captured by the hatchery weir is counted, and every 10 
days (3 times per month) biological data are collected for 
100 individuals, which includes fork length, body weight, 
age, sex, and the presence of otolith thermal marks. 
The contribution of wild fish to the total catch has been 
estimated to range 2-34% (Fig. 3).

Masu salmon adults in the Chitose River in October 2011. 
Most masu salmon spawning in the area upstream of 
hatchery weir were un-marked, wild fish (25).   
Photo credit: K. Morita.

Two stocks of chum salmon: autumn-run and winter-run
The Chitose River produces both autumn- and winter-
run chum salmon. Early studies identified significant 
differences in meristic traits between the two groups, 
such as the number of gill rakers (28, 29). Recently, 
microsatellite DNA analysis showed significant genetic 
divergence between the two groups of fish (30).
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Fig. 4. Chum salmon migration timing in the Chitose River in fiscal 
years 1927-1928 and 2008-2011. Average number of fish caught 
by the hatchery weir by 10-day period (a-b). Average number of 
fish counted by 10-day period by the Chitose Salmon Aquarium 
(c). Hatched areas indicate time periods outside of hatchery weir 
operation. Hatchery and wild fish were classified by migration 
timing for the sake of convenience. Data source: 6, 31, 36, 37.

Chum salmon observed to linger in front of the Chitose 
Salmon Aquarium observation window in late December 
2013. The window is located downstream of the hatchery 
weir.  Photo credit: K. Morita. 

From 1888 to 1927 hatchery broodstock was collected 
from winter-run chum salmon, and from 1927 to 1929 
broodstock was collected from both autumn and winter-
run fish (31). After 1929, broodstock was collected only 
from autumn-run fish (31). The autumn-run chum salmon 
caught in 1927-1928 were wild fish (Fig. 4a) as the 
minimum adult age at return is two years and because the 
migration timing of offspring is strongly dependent on the 
migration timing of parental stocks (32, 33).

Current hatchery weir operations end by mid-December, 
so there is no catch data for winter-run chum salmon (Fig. 
4b). However, a significant number of winter-run chum 
salmon migrate to the Chitose River every year (Fig. 4c, 
26, 27, 34) that results in a high proportion of wild fish in 
the hatchery catch late in the season (Fig. 4b, 6). 

The Chitose Salmon Aquarium has counted the number 
of fish seen from their in-river observation window for 
each species once a day since 1995 (35). These data show 
a clear bimodal distribution of migration timing each year 
(Fig. 4c). It is rarely done, but on occasion chum salmon 
have been counted as late as March and April. 

My colleagues and I are currently analyzing the 
population dynamics of both the autumn-run and the 
winter-run chum salmon using the fish-count data. We 
are aware of the need for caution when interpreting 
these window observations because in winter many 
chum salmon stay and spawn in front of the observation 
window, rather than simply passing by. This behavior 
makes it somewhat difficult to interpret the count of fish 
passing the observation window.

Observations show that the hatchery catch did not 
represent the actual patterns of migration timing. The 
period of hatchery weir operation varies between rivers 
and years. In the case of the Chitose River, the period of 
hatchery weir operation shifted to an earlier time during 
the last century, but was re-extended to a little later in 
the last five years. Natural reproduction of chum salmon 
is often observed in January in places other than the 
Chitose River (e.g., the Shari River), but currently there 
are no rivers with a hatchery weir operated after late 
December in Hokkaido. Clearly, the migration timing of 
chum salmon requires further study.

Efficiency of chum salmon natural reproduction
The estimated survival rate of naturally-spawned eggs to 
the fry stage for the 2011 year class of chum salmon in the 
Chitose River ranged 19-23% (34). For the 1957-1959 year 
classes of chum salmon in a tributary of the Tokachi River, 
the naturally-spawned egg to fry survival rate ranged 16-
34% (38). Because the egg to fry survival rate in hatchery 
programs is 81-84%, the efficiency of natural reproduction 
is about a quarter of the efficiency in hatcheries.
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Fig. 5. Fork length distributions of otolith-marked hatchery 
and un-marked wild chum salmon in the Chitose River. Fry 
were captured at the Nishikoshi fish-catching station in (a) 
2012, (b) 1980-1981, and returning adult (c) males and (d) 
females of 2003-2005 brood years. Data source: 34, 39, 40.

A recently installed fish ladder (left) and rehabilitated pink 
salmon spawning ground above the dam (right) on the 
Chienbetsu River in October 2011. Many pink salmon now 
spawn in the area above the dam.  Photo credit K. Morita.

In recent decades, the annual number of adult chum 
salmon caught by the Chitose River hatchery weir varies 
50-550 thousand, and the return of adults to all Hokkaido 
hatcheries ranges 1.5-5 million. However, the annual 
number of fry released has stabilized at 30 million in the 
Chitose River and at 1 billion in Hokkaido because of 
limitations in hatchery capacity. Consequently, in most 
years many adult chum salmon were sold by hatcheries 
because the adults were surplus to the needs of hatchery 
egg collection. 

If hatchery managers would allow surplus salmon to spawn 
naturally, the total number of out-migrating fry would 
increase substantially. Saving just one female to spawn 
naturally could result four years later in 10 more adult 
chum salmon returning to coastal fisheries (34).

Comparison of body size between hatchery and wild  
chum salmon
Body size of outmigrating wild fry is significantly smaller 
than that of hatchery fish (Fig. 5a). In addition, most 
hatchery fry outmigrate between March and April, whereas 
most wild fry outmigrate between May and June. Mayama 
et al. (39) found a significant number of naturally-
spawned wild fry in their 1980-1981 samples (Fig. 5b), 
and they suggested most wild fry will not survive because 
of their smaller size and later timing of outmigration. 
Unfortunately, there was no mass-marking technique at the 
time, so consequently almost all returning chum salmon 
were believed to originate from hatcheries.

Although hatchery fry outmigrated from the Chitose 
River at a larger size than wild fish, the reverse occurred 
when the adults returned to the river (Fig. 5c,d). Most 
returning adult males larger than 80 cm (fork length) and 
most females larger than 76 cm were un-marked wild 
fish. Body size differences between wild and hatchery 
fish were consistent, even when compared for fish of the 
same age (3–6 years) and migration timing (40). However, 
the difference in body size of wild and hatchery fish was 
not consistent between rivers. In the Ichani River, a very 
small river, wild fish were larger than hatchery fish at age 
3 years, but hatchery fish were larger than wild fish at 
age 5–6 years (40). Thus, in the Ichani River age-related 
increase in body size of wild fish was smaller than that of 
hatchery fish. 

This pattern may be explained by a local adaptation by the 
chum salmon to a small river, where reproductive success 
of particularly large individuals may be lower due to the 
river’s shallow depth (40). Natural selection would operate 
heterogeneously among rivers, whereas hatchery selection 
would operate homogenously among rivers.
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Fig. 6. Number of chum salmon ascending the Tone River 
(35°44´N, 140°51´E). The fish are counted at the Tone-
ozeki (weir) about 50 km north of Tokyo by the Japan Water 
Agency. The insets show the Tone-ozeki and fish counting 
ladder in November 2013. Data source: 52, 53. 
Photo credit: K. Hasegawa.

Current status of natural spawning habitats  
 

A large effort to rehabilitate aquatic ecosystems has been 
implemented in Japanese rivers. First, the water quality 
of rivers has improved greatly during the last 50 years 
(3). Around 1960, most rivers in Hokkaido had polluted 
areas, and the impact of water pollution on Pacific salmon 
was a critical problem (41). For example, the Shari River 
was strongly polluted (BOD [42] ∼10 mg/l) in early 1960, 
but pollution levels were reduced (BOD < 2 mg/l) after 
1980. Second, many artificial structures have improved 
access of migratory fishes to spawning areas.  For 
example, the upstream migration range of the Shiribetsu 
River (length 1,347 km) increased from 140 km (10.4%) 
to 790 km (58.6%) by installation of fish ladders (43). 
Re-colonization of anadromous salmonids following the 
installation of fish ladders is often rapid (44, 45).

The hatchery weir sometimes prevents salmon from 
migrating upstream. Urabe et al. (46) evaluated the 
potential spawning grounds of the Tokachi River system 
using GIS. They found a lot of good spawning habitats in 
the upper reaches, but they did not observe any adult chum 
salmon in these areas because of an operating hatchery 
weir at a downstream site. In enhanced rivers with 
broodstock capture (category IV rivers), the chum salmon 
spawning grounds are often open, available, and unused 
during periods of hatchery weir operation. 

Many studies suggest that adequate gravel size, upwelling 
water, and side channels are important for spawning 
microhabitats of chum salmon (8, 13, 46-50). In particular, 
upwelling water is indispensable for late-run chum salmon 
to accelerate the developmental rate of eggs during 
winter. In addition to conservation of these environmental 
characteristics (gravel size, side channels and upwelling 
water), it is very important that adult salmon be allowed to 
move up into spawning areas in order to rehabilitate wild 
salmon production.

In 2013, HNFRI bought adult chum salmon (620 males and 
789 females) caught by the Chitose hatchery weir on 12-14 
December to allow them to spawn naturally upstream for the 
conservation of winter-run wild chum salmon.

Salmon in central Honshu, the southern limit of chum 
salmon distribution

Current status
Chum salmon populations in central Honshu are nearly at the 
southern limit of the species’ distribution. Although hatchery 
programs have reduced their production in recent years and 
the negative impact of climate warming is expected to be 
most severe at the southern limit of distribution, chum salmon 
production in central Honshu has not decreased. Instead, 
chum salmon abundance has increased exponentially in the 
Tone River (35°44´N, 140°51´E), which is located at the 
southern limit of distribution on Honshu’s Pacific Ocean coast 
(Fig. 6). It appears this is largely due to increases in natural 
reproduction because the number of hatchery fry released has 
decreased from 350 thousand to only 10-20 thousand (51). In 
central Honshu, many rivers are without a hatchery weir at the 
river mouth and these rivers might be producing significant 
numbers of wild chum salmon. The Naka River (36°20´N, 
140°36´E), the place where hatchery practices in Japan 
were first implemented in 1876, now provides a nice place 
for salmon watching (YouTube, http://www.youtube.com/
watch?v=rfzw-KGHGpE).

Chum salmon spawning ground in the Sake River (38°47´N, 
140°13´E), a tributary of the Mogami River in November 2013. 
“Sake” means chum salmon in Japanese.  Photo credit: K. Morita

http://www.youtube.com/watch?v=rfzw-KGHGpE
http://www.youtube.com/watch?v=rfzw-KGHGpE
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Fig. 7. Total length distribution of wild chum salmon by 
return period in the Takatsu River (34°42´N, 131°50´E) 
in earlier eras of adult hatchery fish returns (1984-1985). 
Mean age±S.D. = 3.86±0.67, ♂; 3.59±0.67, ♀. Data source: 
59, 60.

Fig. 8. Date of the annual midpoint of the catch of pink 
salmon along the coast of Hokkaido (1993-2013).

There are few quantitative studies regarding the production 
of wild chum salmon in central Honshu. Komatsu et al. (54) 
estimated the total production of naturally-spawned chum 
salmon fry in the Ookita River (36°48´N, 140°45´E) in 1995 
by identifying ALC otolith-marked fry. A total of 1.3-2.6 
million fry was estimated to have been produced from natural 
spawning grounds measuring 2.3 km in length. Because 0.4 
million fry were released from the hatchery, the estimated 
proportion of wild fry was 75-86%.

Evolutionary adaptation to high temperature
Researchers expect that salmon populations in Honshu 
are better adapted to high temperature. In fact, a new 
mitochondrial DNA haplotype was recognized in chum 
salmon from the Noto Peninsula (37°N) in central Japan (55). 
Because this haplotype has never been found in chum salmon 
of the northern Pacific range, this proves that chum salmon in 
the central Honshu still maintain unique genetic properties. 

In general, migration timing of adult chum salmon is later at 
lower latitudes. However, the reverse occurs at 38-39°N; at 
these latitudes the migration timing tends to be earlier with 
decreasing latitude (56, 57). Machidori (56) hypothesized 
that adult chum salmon in central Honshu should spawn early 
in autumn, so their offspring can outmigrate to sea early in 
spring while coastal temperatures remain low. For example, 
Fujiwara et al. (58) studied the adult migration timing of wild 
chum salmon in the Yura River, Kyoto (35°31´N, 135°17´E), 
and found that returns were between late October and early 
November, which was earlier than in northern Honshu. They 
suggested that early migration timing of adult chum salmon 
was an adaptation to the southern area of the species’ range 
and consistent with Machidori’s (56) hypothesis. Similarly, 
spawning timing of wild chum salmon in the Takatsu River 
(34°42´N, 131°50´E) is between late October and early 
November (59, 60; Fig. 7).

Recent studies have reported earlier timing of adult 
migrations in multiple salmonid species due to climate 
warming in North America (61, 62) and in pink salmon in Far 
East Asia (63, 64; Fig. 8). Thus, spatial patterns of migration 
timing across temperature gradients in Honshu correspond 
well with recent temporal changes in the migration timing 
due to climatic warming. Studying wild chum salmon 
in central Honshu at the southern range of the species 
may forecast future impact of climate changes on Pacific 
salmon populations. This approach employs the concept of 
substituting space for time, meaning that observed differences 
based on a spatial pattern could represent anticipated 
temporal changes due to climate.

This concept is also applicable to pink salmon. The reported 
distribution of pink salmon has extended to the Kido River 
(37°16´N, 141°01´E), Fukushima Prefecture (65), and annual 
migrations of adult pink salmon are known in several rivers 
of northern Honshu (66, 67). The main spawning period of 
pink salmon in Hokkaido is between September and October, 
but in the Oippe River (41°10´N, 141°23´E) it is between 
mid-August and late-August (68). The migration timing of 
wild pink salmon in the Akka River (40°03´N, 141°51´E) is 
also reported to be between late August and early September 
(69).

Toward a reconciliation between hatchery and wild 
salmon management

I assert that conservation of wild fish will guarantee the 
long-term sustainability of hatchery programs and the salmon 
fishery for both quantitative and qualitative reasons.
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Fig. 9. An integrated broodstock management program using 
proportionate natural influence (PNI) proposed by Craig A. 
Busak (71). Pnob = proportion of natural-origin fish broodstock, 
Phos = proportion of hatchery-origin fish spawning naturally. If 
PNI > 0.5 natural selection has a greater influence than hatchery 
selection on the genetic constitution of the whole population.

Spawning ground of chum salmon in the Toyohira River 
located in the Sapporo metropolitan area in November 
2012. Many (>50) chum salmon spawned in this side 
channel. The inset illustrates salmon carcasses in October 
2013. The proportion of wild to hatchery-origin fish in this 
river is estimated to be about 70% (11).   
Photo credit: K. Morita.

First, wild fish contribute significantly to hatchery 
broodstock from a quantitative perspective. In the Chitose 
River in 2008, the required number of chum salmon 
hatchery broodstock was collected from wild fish (see Fig. 
3). Interestingly, the return rate of fish from this broodstock 
was very high—the hatchery catch in 2012 exceeded 
400 thousand fish. There might be a link between the 
proportion of wild-origin broodstock and the subsequent 
survival of hatchery fish. At the very least, wild fish 
production provides insurance against failures of hatchery-
released fry. In the case of pink salmon, hatchery programs 
cannot continue without support from wild production.

Second, from a qualitative perspective there is a positive 
genetic contribution to be made by wild fish to hatchery 
fish. There has been great concern about the fitness decline 
of hatchery fish. The Gifu Prefectural Research Institute 
developed the semi-wild amago salmon (O. masou 
ishikawae) by crossing a hatchery female with a wild 
male (70). Although the semi-wild fish were vulnerable to 
disease and high growth variability in the hatchery, ocean 
survival rates were much higher for semi-wild smolts than 
for hatchery smolts (a 2- to 15-fold increase). Clearly the 
conservation of wild fish will benefit the effectiveness of 
hatchery programs.

There are two alternative approaches to hatchery 
programs—the segregated and the integrated program 
(71). The segregated program tries to isolate wild and 
hatchery populations, and the integrated program attempts 
to manage gene flow between hatchery and wild fish to 
limit the hatchery selection force on the whole population. 
These two approaches yield quite different broodstock 
management strategies. In the segregated program, wild 
fish should not be included in hatchery broodstock and 
hatchery fish should not be allowed to stray to the wild 
population. Alternatively, in the integrated program, wild 
fish should be included in hatchery broodstock to maintain 
genetic similarity with the wild population. 

An integrated hatchery program can be managed using 
an innovative and simple methodology that evaluates 
the proportionate natural influence (PNI) index, as 
proposed by Craig A. Busak (Fig. 9).

In my opinion, integrated management seems to be a 
realistic alternative in Japan. Most large rivers already 
have hatchery production. There are many wild salmon 
rivers where hatchery-reared fish have never been 
stocked, but these rivers are very small and may not 
be suitable for chum salmon (hence no hatchery was 
sited there). Unfortunately, there are very few pristine 
wilderness rivers in Japan that deserve reservation 
of the wild salmon population. Additionally, most 
Japanese rivers drain agricultural and urban watersheds 
and they are already managed with hatchery programs; 
therefore restoration of wild salmon habitats has severe 
limitations. 

Rosenzweig (72) proposed reconciliation ecology as 
the third ‘R’ of conservation biology, in which species 
are conserved in highly altered, anthropogenic habitats 
on urban or industrial lands. I think that an integrated 
hatchery program could be the solution to reconcile 
hatchery and wild salmon in many well-developed 
hatchery-dominated Japanese watersheds.



January 2014  |  NPAFC Newsletter No. 35  |  page 13

Acknowledgements—I am grateful to Motohiro 
Kikuchi, Toru Nagasawa, Kazumasa Ohkuma, Koh 
Hasegawa, Tsutomu Ohnuki and colleagues at HNFRI 
for cooperation with these investigations and to Nancy 
Davis for checking my English and giving me an 
opportunity to write this article.

References and Notes (*references in Japanese) 

 1. O. Hiroi, N. Pac. Anadr. Fish Comm. Bull. 1, 23-
27 (1998).

 2. M. Kaeriyama, in Stock enhancement and sea 
ranching, B.R. Howell, E. Moksness, T. Svåsand, 
Eds., (Blackwell, Oxford, UK, 1999), pp. 103-
131.

 3. K. Morita et al., ICES J. Mar. Sci. 63, 1353-1363 
(2006).

 4. Y. Miyakoshi, et al., Sci. Rep. Hokkaido Fish. 
Res. Inst. 80, 51-64 (2011)*.

 5. Y. Miyakoshi et al., Environ. Biol. Fish. 94, 
197–206 (2012).

 6. K. Morita, S. Takahashi, K. Ohkuma, T. 
Nagasawa, Nippon Suisan Gakkaishi 79, 206-213 
(2013)*. 

 7. An otolith is a fish “ear bone”. Manipulation 
of the water temperature exposure of fish eggs 
produces a permanent “bar code” mark pattern 
on the otolith that can be used to differentiate 
hatchery and wild fish.

 8. T. Suzuki, Nat. Salmon Res. Ctr Newsletter 4, 1-4 
(1999)*.

 9. T. Suzuki, pers. comm.
 10. Hokkaido Res. Organization, Fish. Res. Dept., 

Salmon and Freshw. Fish. Res. Inst. Ann. Rep., 
2012: 36-37 (2012)*.

 11. N. Aruga, Nippon Suisan Gakkaishi 76, 763-767 
(2010)*.

 12. ALC (alizarine) is a chemical that produces a 
fluorescent mark on the otolith. Placement of 
an ALC mark or removal of the adipose fin can 
be used to recognize and differentiate wild and 
hatchery fish.

 13. N. Aruga, T. Suzuki, FRA Salmonid Res. Rep. 3, 
3-5 (2009)*.

 14. M., Torao, et al., Sci. Rep. Hokkaido Fish 
Hatchery 64, 7–15 (2010)*.

 15. M. Torao, M. Nagata, Y. Sasaki, K. Takeuchi, K 
Kasugai, Japan Sci. Rep. Hokkaido Fish. Res. 
Inst. 80, 45-49 (2011).

 16. Y. Yokoyama et al., Nippon Suisan Gakkaishi 76, 
383-391 (2010)*.

 17. M. Iida, T. Kato, H. Tokuda, N. Pac. Anadr. Fish 
Comm. Tech. Rep. 8, 38-40 (2012).

 18. K. Morita, S.H. Morita, M. Fukuwaka, Can. J. 
Fish. Aquat. Sci. 63, 55-62 (2006).

 19. T. Ohnuki, K. Morita, H. Tokuda, Y. Okamoto, K. 
Ohkuma, Abs. Ann. Mtg., Japan. Soc. Fish. Sci. p. 
25 (2013)*.

 20. K. Morita, K. Ohkuma, T. Nagasawa, in Stock 
assessment of international fisheries resources, 
Fisheries Agency Japan, Ed., (2013)* http://
kokushi.job.affrc.go.jp/H24/H24_57.html.

 21. Y. Miyakoshi, in Enhancement and conservation 
for fisheries resources, S. Kitada, M. Kaeriyama, 
K. Hamasaki, N. Taniguchi, Eds. (Seizando-
Shoten Publ. Tokyo, 2008), pp. 48-65*.

 22. H. Urabe, et al., Sci. Rep. Hokkaido Fish. Res. 
Inst. 84, 39-45 (2013)*.

 23. Salmon and Freshwater Fisheries Research 
Institute, Hokkaido Research Organization 
Annual Report.

 24. NPAFC statistics. 
 25. S. Imai, et al., Nippon Suisan Gakkaishi 76, 652-

657 (2010)*.
 26. T. Ito, M. Nakajima, K. Shimoda, Ecol. Res. 20, 

87-93 (2005).
 27. T. Ito, M. Nakajima. Sci. Rep. Hokkaido Fish 

Hatchery 63, 1-7 (2009).
 28. S. Kawakami, Seasonal Rep. Hokkaido Fish. Exp. 

Sta. 244 (suppl.), 1-8 (1933)*.
 29. M. Katayama, Nippon Suisan Gakkaishi 4, 171-

173 (1935)*.
 30. D. Ando et al., in Evaluation of wild chum salmon 

populations in Hokkaido and its influence on 
animals and plants in watershed ecosystems, 
(Hokkaido Res. Organization, 2013), pp. 11-20*.

 31. S. Sano, Fellow of salmon and trout (Tsuribito-
sha, Tokyo, 1982)*.

 32. F. Takahashi, FRA Salmonid Res. Rep. 3, 6-7 
(2009)*. 

 33. S. Takahashi, FRA Salmonid Res. Rep. 7, 16-18 
(2013)*.

 34. K. Morita et al., Nippon Suisan Gakkaishi 79, 
718-720 (2013)*.

 35. M. Kikuchi, Nippon Suisan Gakkaishi 78, 510 
(2012)*.

 36. T. Mihara, Suisanzoushoku 5, 40-45 (1958)*.
 37. Chitose Salmon Aquarium, unpubl. data.
 38. A. Nagasawa, S. Sano, Sci. Rep. Hokkaido 

Salmon Hatchery 16, 107-125 (1961)*.
 39. H. Mayama, M. Kato, J. Seki, I. Shimizu, Sci. 

Rep. Hokkaido Salmon Hatchery 37, 1-22 
(1983)*.

 40. K. Hasegawa, K. Morita, Y. Okamoto, K. 
Ohkuma, Nippon Suisan Gakkaishi 79, 657-665 
(2013)*. 

http://kokushi.job.affrc.go.jp/H24/H24_57.html
http://kokushi.job.affrc.go.jp/H24/H24_57.html


page 14  |  NPAFC Newsletter No. 35  |  January 2014

 41. S. Sano, Hokkaido Salmon Hatchery Data 108, 
1-58 (1960)*.

 42. BOD means “biochemical oxygen demand” and 
is a widely used indicator of organic pollution 
of water.  Measurement units are milligrams of 
oxygen consumed per liter of water over a period 
of time.

 43. Y. Miyakoshi, Sodateru-gyogyo 432, 3-7 (2009)*.
 44. T. Saito, Bull. Nat. Salmon Resources Ctr. 3, 15-

24 (2000)*.
 45. K. Shimoda, H, Kawamula, Sci. Rep. Hokkaido 

Fish. Res. Inst. (Note) 82, 41-50 (2012)*.
 46. H. Urabe, Y. Mishima, Y. Miyakoshi, Sci. Rep. 

Hokkaido Fish. Res. Inst. (Note). 84, 47-56 
(2013)*.

 47. T. Suzuki, FRA Salmonid Res. Rep. 2, 3-5 
(2008)*.

 48. G. Takahashi, et al., J. Japan Soc. Civil Engineers 
65, 77-86 (2009)*.

 49. M. Aruga, et al., Bull. Asahikawa City Mus. & 
Sci. Ctr. 3, 63-73 (2011)*.

 50. M. Aruga, N. Yamada, H. Ito, N. Aruga, K. 
Miyashita, Bull. Asahikawa City Mus. & Sci. Ctr. 
4, 35-46 (2012)*.

 51. Y. Saito, Rep. Meeting Gunma’s Nature Now 
2012, 9-10 (2013)* http://www.gmnh.pref.gunma.
jp/research/2012/report2012_4.pdf.

 52. M. Kawabayashi, Study of fish upstream 
migration with cost reduction and care for 
ascending chum salmon (Mizutotomoni, Aug. 26-
30, 2009)*.

 53. Japan Water Agency, http://www.water.go.jp.
 54. N. Komatsu, A. Oomori, Y. Konuma, Ibaraki 

Pref. Freshw. Fish. Exp. Sta. 33, 33-42 (1997)*.
 55. K. Sakai, Y. Kai, T. Nakabo, Bull. Biogeogr. Soc. 

Japan. 66, 155-163 (2011)*.
 56. S. Machidori, Sake to Masu 33, 6-23 (1978)*.
 57. F. Kato, Bull. Fukui Mus. Nat. Hist. 53, 73-82 

(2006)*.
 58. M. Fujiwara, T. Oohashi, T. Ikuta, Bull. Kyoto 

Inst. Ocean Fish. Sci. 7, 1-8 (1983)*.
 59. E. Goto, N. Tanaka, K. Yamamoto, Research 

reports of stock enhancement of salmonid fishes 
(research on adult migration route), Shimane 
Pref. Fish. Exp. Sta. Rep. No. 28, (1985)*.

 60. E. Goto N. Tanaka, K. Yamamoto, Research 
reports of stock enhancement of salmonid fishes 
(research on adult migration route), Shimane 
Pref. Fish. Exp. Sta. Rep. No. 34, (1986)*.

 61. R.P. Kovach, A.J. Gharrett, D.A. Tallmon, Proc. 
Royal Soc. B. 279, 3870-3879 (2012).

 62. R.P. Kovach, J.E. Joyce, J.D. Echave, M.S. 
Lindberg, D.A. Tallmon, PLoS ONE 8: e53807 
(2013).

 63. A.M. Kaev, L.V. Romasenko, N. Pac. Anadr. Fish 
Comm. Bull. 4, 319-326 (2007).

 64. A.M. Kaev, A.A. Antonov, V.M. Chupakhin, V.A. 
Rudnev, N. Pac. Anadr. Fish Comm. Bull. 4, 23-
33 (2007).

 65. O. Inaba, in Haramachi-shi history, S. Kobayashi, 
Ed., (Haramachi-shi, Fukushima Prefecture Vol. 
8, Spec. Ed. I, Nature, 2005), pp. 692-749*.

 66. G. Hoshiai, R. Sato, Jpn. J. Ichthyol. 20, 125-126 
(1973)*.

 67. T. Harako, Aomori Pref. Freshw. Fish. Exp. Sta. 
Ann. Rep. S62, 48-50 (1989)*.

 68. G. Sahashi, pers. comm.
 69. T. Inamori, H. Sato, Iwate Fish. Tech. Ctr. Res. 

Summary Rep. 47, 98-99 (1997)*.
 70. K. Ohara, Gifu Pref. Res. Inst. Freshw. Fish 

Aquat. Envir. News 23, 1 (2013)*.
 71. HSRG (Hatchery Scientific Review Group), 

Predicted fitness effects of interbreeding between 
hatchery and natural populations of Pacific 
salmon and steelhead, (Appendix A1, 2009) 
http://www.hatcheryreform.us/hrp/reports/system/
welcome_show.action.

 72. M. Rosenzweig, Win-win ecology: how the 
earth’s species can survive in the midst of human 
enterprise. (Oxford Univ. Press, Inc., N.Y., 2003).

Kentaro Morita was raised in Nara 
prefecture at the southern limit of 
Salvelinus, where as a boy he became 
fascinated with salmonids in general and 
with charr in particular. As Hokkaido is 
salmonid paradise in Japan, it was natural 
that Kentaro was drawn northwards.  He 
received a PhD from Hokkaido University 

based on his studies of conservation ecology of white-spotted 
charr. Since 2003, Kentaro has been working on chum, pink, and 
masu salmon, Dolly Varden and white-spotted charr at the Hokkaido 
National Fisheries Research Institute. Most of his studies are based 
on field work that includes both high seas salmon research in the 
North Pacific and snorkeling/electrofishing in Japanese rivers. Among 
his favorite pastimes are conducting underwater observations (as 
seen in this photo of him on the spawning ground of winter-run chum 
salmon in the Chitose River in January) and catching fish by hand or 
with a net while snorkeling.  See his underwater salmonid photos at 
http://www.geocities.jp/iwanahenaito/

http://www.gmnh.pref.gunma.jp/research/2012/report2012_4.pdf
http://www.gmnh.pref.gunma.jp/research/2012/report2012_4.pdf
http://www.water.go.jp
http://www.hatcheryreform.us/hrp/reports/system/welcome_show.action
http://www.hatcheryreform.us/hrp/reports/system/welcome_show.action
http://www.geocities.jp/iwanahenaito/


January 2014  |  NPAFC Newsletter No. 35  |  page 15

Abundant sockeye salmon populations on the Asian and North 
American coasts of the Pacific Ocean are characteristically 
produced by river systems with lake habitat for the rearing of 
juveniles, and the Ozernaya River sockeye salmon population of 
West Kamchatka is no exception.  Kurilskoye Lake is one of the 
principal freshwater lakes of Kamchatka and it provides important 
spawning and rearing habitat for sockeye salmon of the Ozernaya 
River basin (Fig. 1).

Kurilskoye Lake appeared in the Holocene, about 8,000 years ago 
after the Il’inskoye eruption, which ejected 18 km3 of matter and 
created a caldera.  About 2,000 years ago following the eruption of 
the Dikiy Greben’ volcano, the lake assumed its present form.  The 
estimated age of the extant population of ozernovskaya sockeye 
salmon might be about 1000-1500 years. 

The current lake’s characteristics are 77 km2 surface area, 15 km3 

volume, 316 m maximal depth, 195 m average depth, and it is 104 
m above sea level.  Ten rivers drain into the lake, and one river, 
the Ozernaya River, flows out of the lake to the Okhotsk Sea.  The 
length of the Ozernaya River is about 48 km.

The total spawning area of sockeye salmon in the Ozernaya River 
basin is 1.055 km2.  Of this total area of sockeye salmon spawning 
habitat, riverine spawning areas comprise 23% and 3% are in 
spring-fed brooks.  Most ozernovskaya sockeye salmon spawning 
habitat lies along the Kurilskoye Lake shoreline in shallow water 
less than 5 m deep.  

Eugene Krohin and Phaine Krogius began biological studies of 
ozernovskaya sockeye salmon in 1932.  In 1940, a fence for counting returning maturing fish was built six km from the head of the 
Ozernaya River.  In 1941, the Kamchatka Station of VNIRO (currently KamchatNIRO) organized the Kuril Station of Fishery and 
Biology (currently Ozernovskiy Observatory) and sited it on the shore of Kurilskoye Lake near the head of the Ozernaya River (Fig. 
2).  In the mid-1970s, the fish-counting fence was also moved to the head of the river.

Currently, the fish-counting fence starts operating in the first half of June and is dismantled in the beginning of September.  This is 
the period when the great bulk of fish enters the lake for spawning and is counted.  The fish pass through special windows in the 
fence, so people (staff of KamchatNIRO or students trainees) can count each sockeye salmon entering the lake.  At the same time, all 
the sick and wounded sockeye and the much less abundant pink, chum and Chinook salmon are also enumerated.  

“ozernovskaya” is the common Russian name of sockeye 
salmon reproducing in the Kurilskoye Lake watershed

 
Fig. 1.  A snow-bound winter view of the Kamchatka peninsula 
from space.  Inset shows a male and female sockeye salmon on 
the spawning grounds (upper left) and location of Kurilskoye Lake 
with depth contours (m; lower right).  Photo credit: Google Maps 
and KamchatNIRO.

Biological MonitoRing of a Key SalMon popUlation:  
ozeRnaya RiveR SocKeye SalMon of WeSt KaMchatKa

By Maxim Koval, Ekaterina Lepskaya, Vladimir Dubynin and Eugeny Shevlyakov
Kamchatka Research Institute of Fisheries and Oceanography (KamchatNIRO)
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Abundance data are collected 
based on 30-minute counts, 
10-minute counts, or a 
combination if the run is not 
coming in evenly, and the totals 
are summed to obtain the total 
number of fish counted during the 
day (Fig. 2).  Researchers have 
agreed that the optimal spawning 
ground density of sockeye salmon 
in Kurilskoye Lake is provided 
with an annual adult escapement 
of 1.5 to 3 million fish. 

In addition to managing adult 
sockeye salmon spawning 
escapement for Kurilskoye Lake, 
scientists from KamchatNIRO 
also monitor biological 
characteristics of adult and 
juvenile sockeye salmon in the 
Ozernaya River basin (Figs. 
2 and 3).  They also monitor 
hydrochemical patterns in the 
lake, abundance of microalgae 
and crustaceans in the lake 
plankton, collect data on the 
water temperature of the river 
and lake, and conduct year-round 
meteorological observations.

The spawning run of ozernovskaya sockeye salmon starts at the end of May and finishes at the end of October or beginning 
of November.  Fish travel from the mouth of the river to its origin in about two to seven days.  The intensive portion of the 
run, when 1,000 to 3,000 fish and more enter the lake daily, occurs from the middle of July until the end of August.  The 
most intensive portion of the run occurs around the middle of August, when 20,000 to 100,000 sockeye salmon move up to 
the spawning areas in just one week.  This part of the run is called the main run.  Spawning usually starts in the first half of 
July, and for a few individuals can occur as late as the end of March.  On average, each female lays 3900 eggs.  Both female 
and male fish die after spawning.  Their carcasses, transformed by microbiological and chemical processes into water-soluble 
compounds of carbon and nitrogen and phosphorus (nutrients), fertilize the lake and its bordering ecosystems.

Ozernovskaya sockeye salmon fertilized eggs and alevins develop in the redd for five to eight months until the fry emerge from 
the gravel.  The survival rate of the eggs averages 76%; the highest rate among Asian and North American sockeye salmon 
populations.  This high survival rate is associated with the unique structure of the shore and the bottom of Kurilskoye Lake 
that consists of pervious volcanic pumice, which allows for sufficient permeability and inter-gravel flows during incubation.  
Emergence of fry from the gravel begins at the end of March and continues into September.

  

Fig. 2.  Scientific activities of Ozernovskiy Observatory staff of KamchatNIRO on the Ozernaya River and 
Kurilskoye Lake.  Photo credit: KamchatNIRO
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After the fry emerge from the redds, the young-of-the-year spend about 1.5 months in shallow water at the shoreline, 
and afterwards move into the deeper areas of the lake where they feed and grow for one to three years.  Juveniles from 
riverine spawning areas also migrate to the lake for feeding.  Most juveniles spend two years in the lake where they feed 
on planktonic crustaceans—cyclops and daphnia.  The food for crustaceans is microscopic planktonic diatoms, which 
grow using the nutrients (especially phosphorus—about 3 g of phosphorus, assuming an average weight of 2.5 kg per 
spawner) returned to the ecosystem by the carcasses of spawned-out fish.  

The juveniles that remain in the lake for another year as parr differ from smolts, which take on a silvery coloration and 
prepare for life in salt water.  The seaward migration of smolts begins near the end of May when they gather into schools 
at the head of the Ozernaya River and begin migrating downstream during the night.  The downstream migration to the 
river mouth takes five to ten days.  This out-migration of smolts from the lake is generally finished by the middle of 
August.

Ozernovskaya sockeye salmon spend the summer and the beginning of autumn of their first year at sea in the waters 
near western Kamchatka, where forage plankton are abundant.  The fish leave the Okhotsk Sea and migrate through the 
northern Kuril straits to areas off the northeastern coast of the Japanese archipelago, where they spend their first winter at 
sea (Fig. 4).  Most fish spend the second and the third years of sea life in the western subarctic area of the North Pacific 
Ocean.  Depending on individual fish size, sockeye salmon at sea feed on planktonic crustaceans (hyperiids, calanoids, 
and euphausiids), sea butterflies, young cephalopods, and small fishes.  Sockeye salmon spend from one to four years at 
sea, with most fish spending two to three years.  The bulk of sockeye salmon returning to spawn in the Ozernaya River 
are four to five years in total age.

Fig. 3.  Biological characteristics of Ozernaya River adult sockeye salmon obtained from coastal commercial 
catches, 1970-2013.  A. Average body length of males and females (cm).  B. Average body weight of males 
and females (kg).  C. Ratio of males to females.  D. Fecundity of females (number of eggs).
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The spawning migration of sockeye salmon from the sea to 
native rivers begins in early spring.  Ozernovskaya sockeye 
salmon migrate from oceanic feeding areas to the eastern 
coast of Kamchatka along the Aleutian Islands, and then 
move down the southern tip of the peninsula.  During this 
migration, sockeye salmon build their strength for the last 
spurt of movement to the native river.  Passing the northern 
Kuril straits, the maturing sockeye salmon retrace the 
pathway they took as juveniles (Fig. 4).  By the beginning 
of July, considerable concentrations of maturing fish appear 
near the Ozernaya River, and these fish are the source of 
commercial catches of ozernovskaya sockeye salmon.

Ozernaya River sockeye salmon are monitored throughout 
their lifespan.  Observations are obtained from the 
downstream migration of smolts from Kurilskoye Lake to the 
Okhotsk Sea, the early marine period of life in the inshore 
water of West Kamchatka, the anadromous migration of 
mature salmon returning to the river and lake for spawning, 
and the period that fish are on the spawning grounds (Fig. 
5).  Monitoring the complete life cycle over many years 
has resulted in a rich biological and ecological data set that 
provides a strong basis for thoughtful and rational use of the 
ozernovskaya sockeye salmon resource.

   

Fig. 4.  General migration route of Ozernaya River sockeye 
salmon during their marine movements in the northwest and 
central North Pacific.  Number and arrow patterns indicate the 
movement of fish having spent one, two, or three winters at sea.  

 

Fig. 5.  Ozernaya River sockeye salmon life history stages and the timing of annual biological 
monitoring conducted by KamchatNIRO scientists.
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The current abundance of ozernovskaya sockeye salmon can be estimated based on three indices: adult escapement, 
nearshore catches, and catches at sea (Fig. 6).  These data sources are important to fisheries management in order to 
control escapement to Kurilskoye Lake, potentially at the expense of fisheries at sea, nearshore, and in the river.  

Aware of the great importance of ozernovskaya sockeye salmon to the health and high productivity of the lake and its 
bordering ecosystems, KamchatNIRO scientists campaigned for creation of a regional preserve.  They achieved that 
goal with establishment of the Kurilskoye Lake Regional Reserve in 1965.  To further strengthen protection of this 
unique place, the South Kamchatka Preserve of federal importance was organized in 1983.  At the present time, this 
exceptional place is strongly protected, owing to a new generation of dedicated people living in the area.

Due to a strong system of management and protection, catch and escapement of the ozernovskaya sockeye salmon 
stock have demonstrated visible growth since 2000 and remained at a stable high level until now (Fig. 6).  For 
example, nearshore catches averaged 18,200 tons a year in 2001-2013, providing some 73% of the total sockeye 
salmon catch in Kamchatka.  In 2013, the total catch of Ozernaya River sockeye salmon (plus the ocean catch off 
western Kamchatka) was the highest in 100 years of observations: 29,700 tons, or more than 15 million fish. 

Nevertheless, trends in data collected for decades indicate recent population transformations.  There has been a 
significant decrease in the average body weight of mature Ozernaya River sockeye salmon (Fig. 3).  Moreover, data 
in recent years indicate an increase in the duration of the marine period of life because the portion of older age groups 
among mature individuals has increased.  Other trends indicate a switch from a higher prevalence of males in the 
spawning stock in the 1970s-1980s to a higher prevalence of females in the 1990s-2000s.  The females in the recent 
period also have a lower mean fecundity (average number of eggs).  These transformations can be related to growth in 
the total population abundance and to some environmental factors, including possible effects of climate changes in the 
North Pacific.
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Fig. 6.  Total abundance of Ozernaya River sockeye salmon from 1941-2013 in millions of fish.  
Shaded areas show different components of the total number.  
1: Number of fish caught in marine fisheries.  Before 1993 this number includes Japanese high-seas 

catches that may be immature and maturing fish.  Since 1993 the number includes Japanese and 
Russian catches of maturing fish caught in the Russian exclusive economic zone.  

2: Number of maturing fish caught in commercial fisheries in the river and river mouth.  
3: Number of adult fish on the spawning grounds.
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Maxim Koval is the head of 
the Department of Baseline 
Research and the Laboratory 
of Hydrobiology at 
KamchatNIRO.  Maxim leads 
the ecology research team 
on salmon in the inshore, 
estuary, and freshwater 
ecosystems of Kamchatka, 
including Kurilskoye Lake.
E-mail: koval.m.v@kamniro.ru

Ekaterina Lepskaya is a 
leading researcher in the 
Laboratory of Hydrobiology 
at KamchatNIRO.  Ekaterina 
has been studying plankton 
production in Kurilskoye Lake 
since 1980.  In 2003, Ekaterina 
completed her dissertation, 
“The phytoplankton in the 
ecosystem of Kurilskoye 
Lake”. 
E-mail: lepskaya@list.ru

Vladimir Dubynin is a 
leading researcher in 
the Laboratory of Pacific 
Salmon Dynamics at 
KamchatNIRO.  Vladimir 
studies juvenile growth and 
stock abundance dynamics 
of Ozernaya River sockeye 
salmon and conducts 
annual field observations 
on the Ozernaya River and 
Kurilskoye Lake system.
E-mail: dubynin.v.a@
kamniro.ru

Eugeny Shevlyakov is the Deputy 
Director for Science and the 
head of the Laboratory of Pacific 
Dynamics at KamchatNIRO.  
Eugeny leads the team 
responsible for determining the 
forecast of salmon runs and 
possible catches in Kamchatka, 
including the sockeye salmon 
population in the Ozernaya 
River.  Eugeny also participates 
in the in-season management of 
Kamchatka’s salmon fishery. 
E-mail: shevlyakov.e.a@kamniro.ru

   

Despite the current status of a high stock abundance of Ozernaya River sockeye salmon, we conclude that the following efforts 
are necessary key conditions to promote population stability.  

The unique, rich resource of the Ozernaya River sockeye salmon population can be protected in the long-term for fruitful use 
only by the mutual efforts of scientists, stakeholders, local society, and environmental organizations.

1. Overall scientific research (KamchatNIRO)
•	 study population dynamics and productivity
•	 investigate the lacustrine period of life
•	 examine the marine period of life
•	 determine the role of the terrestrial ecosystem in maintenance of 

productivity of the Kurilskoye Lake ecosystem 
•	 provide environmental education to the general public 

2. Efficient fisheries management (Fishery industry and KamchatNIRO)
•	 manage escapement for optimum spawning levels
•	 monitor escapement for maintenance of genetic biodiversity of spawners
•	 enforce fisheries rules in adjacent marine areas

3. Overall protection (South Kamchatka Preserve) 
•	 protect spawning areas
•	 protect the Kurilskoye Lake basin including terrestrial ecosystems 
•	 provide environmental education to the general public 

mailto:dubynin.v.a@kamniro.ru
file:///C:/Shared/Newsletter/NWSL%2335/Articles/Edited%20Articles/lepskaya@list.ru
mailto:dubynin.v.a@kamniro.ru
mailto:dubynin.v.a@kamniro.ru
file:///C:/Shared/Newsletter/NWSL%2335/Articles/Edited%20Articles/shevlyakov.e.a@kamniro.ru


January 2014  |  NPAFC Newsletter No. 35  |  page 21

One of the lofty goals of the NPAFC, as outlined in the 
Convention introduction, is to promote the acquisition, 
analysis, and dissemination of scientific information 
pertaining to anadromous stocks and ecologically 
related species.  For the most part, scientific information 
is collected through research surveys, with NPAFC 
member countries annually conducting a dozen 
expeditions in the North Pacific Ocean to accomplish 
this task.  These data, methodological approaches, 
and experiences gathered are thoroughly documented 
by each country to pass on the knowledge gained to 
colleagues in other countries.  However, even better than 
shared documentation is the chance to work aboard each 
other’s research vessels.  This allows for more effective 
and immediate two-way (or more) communication 
between researchers.  

So when Dick Beamish (2012 NPAFC Award recipient) 
invited me to join his research team on a brief 
expedition in the southern Strait of Georgia aboard 
the R/V W.E. Ricker last autumn, I quickly agreed 
to go.  Assured by Canadian colleagues that I would 
quickly gain my sea-legs, I also thought this expedition 

otolithS and the suPraethmoid: 
Bone picKing on a BRief r/V W.e. ricker cRUiSe

By Vladimir Radchenko
NPAFC Secretariat

Scientific group members (left to right); sitting: Bill Pennell, 
Joy Wade; standing: Mary-Sue Atkinson, Jeff Marliave, 
Vladimir Radchenko; absent: Richard Beamish, Lana 
Fitzpatrick, Dave Preikshot.  Photo credit: V. Radchenko

experience would benefit my work in the Secretariat 
and provide an opportunity to compare Canadian trawl 
survey procedures with those of Russian and U.S. 
research vessels.  

From the Director’s desk...

R/V W.E. Ricker alongside the pier at the Pacific Biological Station, Nanaimo, BC, Canada.   
Photo credit: V. Radchenko
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The situation on the W.E. Ricker vividly reminded 
me of my first cruise aboard the Dmitry Peskov in 
2002, when I had just arrived at the research institute 
on Sakhalin Island.  That too was a brief cruise and 
focused on issues of salmon ecology in the shelf zone.  
The institute had launched a new research program 
focused on juvenile salmon ecology in the first weeks 
after entering the marine environment (see the extended 
abstract in NPAFC Technical Report 7).  The W.E. 
Ricker invitation also called to mind many previous 
experiences acquired during the juvenile salmon 
research cruises of the TINRO-Center scientific fleet.  

My responsibility on the W.E. Ricker was limited to 
examining and identifying the trawl catch.  As is typical 
of shelf and continental slope surveys, trawl catches 
consisted of juvenile and (rarely) adult salmon, along 
with pelagic fishes, vertically migrating mesopelagic 
and demersal fish species, squid, and shrimp.  Large 
numbers of spotted ratfish Hydrolagus colliei collected 
from the deeper layers were a significant distinction 
from catches in western North Pacific waters, where 
ratfish is not present in such abundance.  This shellfish-
eater consumes mostly solid-shelled benthic organisms 
and successfully competes with numerous flatfish and 
cod-like species occupying a similar trophic niche.  

Pacific hake Merluccius productus was observed in 
great abundance in the W.E. Ricker trawl catches.  
During a similar survey in February 2013, five to six 
centimeter hake fry and sizes up to adults were also 
captured in abundance, indicating that currently this 
species has resumed its dominant status in the Strait of 
Georgia.  

Richard Beamish carrying a big skate for measurement.
Photo credit: V. Radchenko

Performing fish examination; (left to right) Richard Beamish,  
Bill Pennell, Lana Fitzpatrick, Joy Wade  
Photo credit: V. Radchenko

What kind of salmon? Juvenile coho (above) and Chinook 
salmon (below).  Photo credit: V. Radchenko

During our cruise, the negligible amount of jellyfish in 
the hauls was striking, especially in comparison with 
the large amounts I have observed in the Bering Sea 
and in waters around Kamchatka.  Marine ecologists 
usually interpret a low abundance of jellyfish as 
evidence of a healthy pelagic ecosystem, but in my 
opinion more hard evidence is needed to reach such a 
conclusion.  

Four species of juvenile salmon were abundant in 
the W.E. Ricker catches, and this provided a good 
opportunity to discuss the main features used to 
distinguish them.  I was surprised by the close 
similarity in appearance of juvenile coho and Chinook 
salmon in the Strait of Georgia.  As I recall, all juvenile 
Chinook salmon in the southwestern Bering Sea had 
an elegant black “tie” stretching from the lower jaw 
to most of the fleshy part of the throat.  Local BC 
Chinook salmon appeared much lighter colored, and 
the spots on their bodies were almost undistinguishable 
from the spots on coho salmon juveniles.  Evidently, 
the definitive attribute hides itself inside the fish’s 
head: Chinook salmon otoliths are twice the size of 
otoliths from a coho salmon for fish of the same length.  
The manner of cutting the fish head to collect otoliths 
was also unusual for me: Canadian researchers make 
one cut and obtain otoliths from above, while Russian 
researchers collect otoliths from the side through the 
gill chamber.  
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We also had the chance to compare the nuances of 
distinguishing juvenile coho and chum salmon.  The 
coloration of juvenile chum salmon in the pelagic life 
stage never has black spots or blotches on the body and 
tail.  Confusion with coho specimens can arise when coho 
salmon scales hide the spots on the skin.  One technique 
I’ve used to separate these species is to carefully examine 
the skin beneath the scales.  Even at a young age, 
chum salmon skin has very specific variations in color, 
like the stains of a marble slab, and this “marbling” is 
never observed in other salmon.  Most of my Canadian 
counterparts were aware of this feature, but it was 
surprising that this distinctive coloration has not been 
described before as an attribute to distinguish species of 
young salmon.  

A method used in Russia for separating all species of 
juvenile salmon is by examination of the distinctive shape 
of a small semi-transparent bone named the supraethmoid 
bone.  This bone resides in the head, and it is especially 
useful for distinguishing similar looking juveniles 
in a survey catch.  As is evident from its name, the 
supraethmoid bone is located in the upper section (dorsal 
side) of the fish’s snout, ahead of the eyes.  In Pacific 
salmon, the supraethmoid bone has a triangular form 
with its apex directed forward.  While Vadim Vladykov’s 
book* (1962), which contains detailed descriptions of the 
head bones of salmon states that the supraethmoid bone 
is so thin that it is difficult to distinguish without staining, 
subsequent generations of Russian researchers have 
discovered an easier way to examine the supraethmoid 
immediately after removal for definitive determination of 
species. 

There is a method for removal of the supraethmoid bone 
that is quick and easy.  Exact authorship of this method 
remains unknown to me.  I can only guess that it came 
to TINRO-Center from the Institute of Marine Biology 
with Oleg Rassadnikov, who previously studied the 
seismosensory system of fishes and is an expert in fish 
scull anatomy.  The first field guide to the distinctive 
shape of the supraethmoid for six Pacific salmon 
species was hand-drawn by him on a single piece of 
paper.  All ingenious ideas are simple, and this method 
is also unsophisticated.  Simply place the salmon snout 
in near-boiling water for 1-1.5 minutes and remove the 
supraethmoid bone from the softened salmon head using a 
pincer.  Of course the other big advantage of this method 
is that it also supplies a good cup of fresh fish broth for 
cold and hungry researchers, particularly after analysis of 
10-15 specimens.  Just add some salt and a potato to cook 
in the fish soup.  

Supraethmoid bones of three Pacific salmon species collected 
on the cruise (upper panel) and from V. Vladykov’s book (lower 
panel); (left to right): coho, Chinook, chum salmon.   
Photo credit: R. Beamish

In Vladykov’s book, he emphasized the difference in 
proportional measurements of the supraethmoid bone in 
various Oncorhynchus species, rather than distinctions 
in its general shape.  Of course, it would be too time-
consuming to make precise measurements of each 
bone under field conditions.  However, species-specific 
variation in bone shape can easily be used if you compare 
a set of 3-5 bones from previously identified specimens 
or make a visual guide for use during fish identification.  
With a little practice, you will quickly recognize all 
salmon species by this bone shape, even from salmon 
consumed by a predatory fish or cooked in a fish dish.  

On the W.E. Ricker, my Canadian colleagues 
enthusiastically adopted the method of supraethmoid 
bone extraction and examination as a new way to separate 
the numerous juvenile coho, Chinook, and chum salmon 
readily available in the catch.  

I’ve found this method can come in handy.  A while 
back on an earlier cruise, I joined with younger 
salmon researchers sitting in the vessel’s laboratory 
consuming fish soup made from salmon heads (a favorite 
among researchers under harsh field conditions).  The 
conversation included information that the last trawl 
operation caught only chum salmon.  I mentioned how 
the supraethmoid bone could be used to identify species 
and then extracted the bone from the head in my soup as 
an illustrative example.  Oh, what a surprise!  The bone 
was in the typical shape of a sockeye salmon!  Suspecting 
my colleagues’ misidentification of the salmon species 
they recorded from the haul, I took a look at the log book.  
Fortunately, one sockeye specimen was registered among 
dozens of chum salmon in that catch.  



page 24  |  NPAFC Newsletter No. 35  |  January 2014

Our W.E Ricker expedition lasted three days, and 
24 bottom and pelagic trawl hauls were completed.  
Perfect weather in the southern Strait of Georgia 
and the good sailing qualities of the W.E. Ricker 
facilitated efficient work-up of the multi-species fish 
catches.  Moreover, dainty dishes from the cook’s 
galley were provided three times a day, not supplying 
much motivation to make our own fish soup from the 
trawl catch.  Even a succulent roasted turkey turned 
up on the menu, despite it being fully a week before 
Thanksgiving Day.  

Exploring a new method for species identification: Joy 
Wade uses hot water to soften the snout for extracting the 
supraethmoid bone   Photo credit: L. Fitzpatrick

A morning’s calm sea in the Strait of Georgia.  Photo credit: V. Radchenko

I know that collected information from these surveys 
contributes significantly to our understanding of the Strait 
of Georgia pelagic ecosystem.  When compared with the 
early ECOPATH model of this area (published by Daniel 
Pauly and colleagues in 1998), it becomes obvious that 
many additional fish species and ecological groups 
observed from current investigations play important roles 
in the trophic structure of the local marine ecosystem.  

Scientific inquiry never ends, and exchanges of 
information and methods always notably facilitate 
and accelerate research findings.  The W.E. Ricker 
expedition allowed us to collect new data and gain useful 
experiences for the future.  From my perspective, it was 
very successful despite its brief duration.  

*Vladykov, V.D. 1962. Osteological Studies on Pacific 
Salmon of the Genus Oncorhynchus. Fisheries Research 
Board of Canada Bull, No. 136. Ottawa.  
172 pp. 
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2014 npafc inteRnShip pRogRaM: application deadline MaRch 1, 2014

The NPAFC internship program has been reinstated in 
2014 after a temporary hiatus.  NPAFC encourages citizens 
from its member countries to apply for the 2014 Internship 
Program.  One intern will be accepted upon approval of 
the Commission and will work at the Secretariat office in 
Vancouver, BC, Canada.   

Internship Objectives:  The intern will gain experience 
and knowledge in operations of the NPAFC and other 
intergovernmental organizations.  The NPAFC Secretariat 
will benefit by the increased capacity from the effort of 
an additional professional and his/her knowledge and 
experience.  The intern will work under the supervision of 
the Executive Director and/or his designate.  In general, the 
intern will assist in a variety of tasks including

• Preparing information and support for scientific 
projects

• Assisting, organizing, and editing various NPAFC 
publications

• Coordinating international cooperative programs
• Assisting Secretariat activities and special projects

Internship period:  Starts on or about September 1, 2014, 
for a period up to a maximum of 6 months.  The intern is 
expected to perform their tasks at the Secretariat office on a 
daily basis, Monday-Friday, 7.5 hours per day.

Qualifications:  Applicants must come from the academic or 
governmental sector and be a citizen of an NPAFC member 
country; have a minimum of a university degree; the ability 
to read, write and speak English; competency in the use 
computers and the internet; and demonstrated personal 
initiative.

Financial support:  NPAFC will provide a stipend of $2000 
CDN per month.  Travel cost to and from the intern’s place 
of residence and the location of the Secretariat office and 
cost of medical insurance 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.

Applications: Must include a resume with a description 
of interests and qualifications, academic and/or work 
experience, and three professional reference letters. Email 
the completed application to secretariat@npafc.

Application deadline: March 1, 2014.

For further information go to http://www.npafc.org/new/
about_internship.html or contact the office at secretariat@
npafc.org

What’s happening with our past intern?
Our last intern, Yuka Ogata, came to the Secretariat while on leave from her PhD program at the University of Tokyo in the 
Department of Global Agricultural Sciences. After she finished her internship, she returned to Japan and completed her degree.  

Currently Yuka is a staff researcher with the Research Institute for Humanity and Nature (RIHN).  RIHN is a national research 
institute established by the Government of Japan in 2001 and whose goal it is to 
seek mechanisms of interaction between humanity and nature and enable outcomes 
for environmental sustainability. 

As part of her responsibilities at RIHN, Yuka manages a program for prawn stock 
enhancement in Batan Bay, Philippines.  Her position enables her to work toward 
improving a sustainable fishery and balancing concerns for stock management, 
environmental effects, and economic development of local communities.  

Of her time with NPAFC, Yuka says, “it provided me with a unique opportunity to 
understand Pacific salmon and the work of the Commission. It was interesting to 
see how the five member-nations cooperate to achieve a mutual goal and to observe 
how scientists deal with fish that migrate for better habitat without concern for 
human borders and territories. My current job requires a strong ability to think on 
an international and interdisciplinary level, and the NPAFC internship was a great 
opportunity for me to experience collaboration of governments and academia in the 
real world.”

Previous NPAFC Intern Yuka Ogata (center) in 
her current job with Filipino counterparts, faculty 
and staff, from the Aklan State University in 
front of the school’s aquaculture test site in New 
Washington, Aklan, Philippines.   
Photo credit: Y. Ogata
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Time will be set aside at the 2014 Annual Meeting in Portland for the NPAFC high-seas salmon 
tag reward drawing. The purpose of the drawing is to encourage the public to report recoveries 
of NPAFC high-seas tags. Information from tag returns increases stock-specific information on 
the distribution and migration of salmon and steelhead at sea. The drawing will select the winners 
from among fishermen, processors, sports fishermen, and the public who return high-seas tags 
between October 15, 2011 and April 28, 2014.  CDN $1000 will be divided among three lucky 
winners.  The first prize is $500, the second prize is $300, and the third prize is $200. If you find a 
high seas tag:

•	 collect the tag, or record the tag number and de-
scription if you cannot collect the tag

•	 record the recovery location, date, gear, fish spe-
cies, sex, length and weight

•	 collect scales from both sides of the fish just 
slightly above the lateral line and place them into 
folded paper (see poster)

•	 send the tags with your name, address, and phone 
number to the national contact person listed at http://www.npafc.org or http://www.
npafc.org/new/science_fishtag2.html.

Salmon Tag RewaRd dRawing  
SeT foR 22nd annual meeTing

BETTY KAO --  NEW SECRETARY

Betty joined the Secretariat staff as 
the new secretary in November, 2013. 
She graduated with a BA in Asian 
Studies from the University of British 
Columbia, where she majored in 
Japanese language, a favourite area of 
study since high school. She recently 
returned to Vancouver after five years 

in Taiwan, where she worked as an Executive Assistant at 
Microsoft and at L’Oréal in Taipei. Betty particularly enjoys 
working with teams and meeting new people. In her new 
position, she looks forward to making her contribution to 
the smooth running of the office and meeting the NPAFC 
community at upcoming events. Her hobbies include 
listening to classical and jazz music and playing the piano, 
participating in outdoor activities, and pastry cooking. 

In July 2013 Claudia Chan moved from the 
position of secretary to the new position of 
IT/Administrative Assistant at the NPAFC 
Secretariat.  Claudia, who has been part of 
the Secretariat for three years, is excited to 
be using her specialized design, web, and 
IT skills in her new position, and she looks 
forward to enhancing the value she brings to 
her work with the NPAFC community.  In 

the last year, Claudia has decided to renew her sports interests, 
and this has led to her spending lots of time at the golf driving 
range, and the rediscovery of ice skating and badminton; 
sports she enjoys but has missed participating in for some time 
now.  On rest days from her sports, Claudia gets great pleasure 
from entertaining her new baby nephew. 

CLAUDIA CHAN --  NEW IT / ADMIN. ASSISTANT

UPDATES FROM THE NPAFC SECRETARIAT STAFF

Salmon Marinated in Miso (Miso-zuke)

http://www.npafc.org
 http://www.npafc.org/new/science_fishtag2.html.
 http://www.npafc.org/new/science_fishtag2.html.
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Salmon Marinated in Miso (Miso-zuke) by Wakako Morris
NPAFC Secretariat

Wakako Morris loves to eat.  And 
to cook. If there is a particular 
dish she wants to eat, Wakako 
spares no effort in her pursuit 
of it.  Even a busy day at work 
will not slow her down.  If she 
fancies something particular 
for dinner, she will cook it from 
scratch. In addition to her duties 
as Administrative Officer at the 

Secretariat, Wakako volunteers as the “NPAFC Test Kitchen Chef” 
by examining recipes for our newsletter, often to the lunchtime 
benefit of other staff. Wakako spent her early years in Peru and 
the Philippines, where she developed a love for ethnic food. But 
her comfort food is always her native Japanese cuisine.  When 
not cooking or eating, Wakako has many passions: playing tennis, 
skiing, snowshoeing, kayaking, knitting, playing the piano and the 
guitar.  She also enjoys traveling to new places with her family.  

This recipe is a speedy version of salmon marinated in miso (Miso-
zuke). More time could be used to make it perfectly, but life is too 
busy. I use the Julia Child style of cooking: dip-the-finger-and-lick-
to-taste. Taste the miso and sugar combination... the sweeter it is, 
the better the result. 

Any salmon will do: sockeye, coho, etc., but oilier Chinook salmon 
will produce a softer texture to the meat. The best accompaniment to 
this salmon dish is a bowl of plain white rice, some cooked vegeta-
ble, miso soup, and someone who will praise the cook with, “Mmm 
... oishii (yummy)!!” If you have no one to share this with then just 
say, “Oishii ...” to yourself!

4 slices 
1/4 cup

3/4 cup
1/2 cup

1 tablespoon

salmon fillet 
mirin  
(Japanese sweet cooking rice wine)  
sugar (you can substitute with honey) 
shiromiso (white type) soybean paste 
(use white type, not red  
type—akamiso) 
sake (Japanese rice wine)

Ingredients

4 Add the sake to the mirin and 
sugar mixture.

1 Make a 3% salt solution and soak the salmon in the 
brine for 15 minutes, or lightly sprinkle salt on the 
salmon and let it stand for 15 minutes.

2 Pat the salmon dry with a paper towel.

3 Combine mirin and sugar and microwave for 10 
seconds until sugar is more or less dissolved.  
Do not overheat!  

5 Add the mirin mixture to the 
miso and stir well.

8 Eat, then say, “Oishii!” (Even if it’s not!!) 

6 Place the salmon fillets in the 
marinade, cover with plastic 
wrap, and refrigerate for one 
day. If you prefer a stronger 
taste, marinate for 2-3 days, but 
the meat will become tougher 
over time. 

7 Wipe off most of the miso (but not completely if you 
like the taste of burnt miso), then grill (or broil) for 
approximately 10 minutes or until the fish is cooked 
and the surface a little burnt.

Alternatively, it can be pan-fried for 5 minutes on 
each side instead of grilling.

Method
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Visit the NPAFC website:  http://www.npafc.org 
for more information on events, publications, 
scientific documents, and salmon catch statistics.

The Commission encourages submission 
of ideas, articles, and images on NPAFC-
related activities for publication in the 
newsletter.
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Recently Released

Technical Report 9
This report is an online publication that is a 
compilation of extended abstracts submitted 
to the NPAFC Third International Workshop 
on “Migration and Survival Mechanisms 
of Juvenile Salmon and Steelhead in Ocean 
Ecosystems”, held in Honolulu, HI, USA in 
2013. 

The workshop was attended by over 95 
international experts and scientists, and the 
technical report includes 73 short papers on 

a variety of topics related to juvenile salmon.  There is novel information 
on salmon stock distribution and migration pathways as studies 
using genetic and morphological techniques continue to provide new 
information.  In addition, authors provide details on associations between 
environmental conditions and salmon production, seabird predation on 
juvenile salmon, and studies of salmon ocean survival.  The technical 
report concludes with a synopsis that condenses results from the workshop 
and discusses implications of juvenile salmon marine research for salmon 
management.

Technical Report 9 is available at the website: http://www.npafc.org/new/
pub_technical.html where individual papers or the entire technical report 
can be downloaded.

NPAFC 2014 
22nd Annual Meeting
Portland, Oregon, U.S.A.
May 12-16, 2014 
Embassy Suite Portland - Downtown
http://www.npafc.org/new/events_annual.html

Upcoming events

2014 Email Enforcement Evaluation and  
Coordination Meeting (EECM)
March 11-13, 2014
Meeting will be conducted by email

NPAFC International Symposium on Pacific Salmon and Steelhead 
Production in a Changing Climate: Past, Present, and Future
May 17-19, 2015
Kobe, Japan

file:///C:/Shared/Newsletter/NWSL%2329/www.npafc.org 
http://www.npafc.org/new/pub_technical.html
http://www.npafc.org/new/pub_technical.html
http://www.npafc.org/new/events_annual.html

