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ABSTRACT 
 

In this chapter, we focus on the economic role of the commercial fisheries for six 

species of Pacific salmon (Oncorhynchus) in Japan and Alaska. Our discussion will be on 

the evolution of these fisheries through time, the diminished but locally important role of 

salmon as a subsistence good and basis for economic exchange, the increasingly 

important value of salmon in sport fisheries and as a source of other non-monetary 

benefits, the social and cultural roles of salmon and salmon fisheries, and the regional 

economic impact of salmon fisheries. We discuss historic and on-going efforts to 

influence Pacific salmon production including salmon hatcheries, predator suppression, 

fertilization of lakes and streams, habitat restoration, and also the influence that 

environmental degradation has played in the abundance of Pacific salmon and the value 

of salmon fisheries. We include some detail on the effects of the Great East Japan 

Earthquake and Tsunami of 2011 as an illustration of how salmon-dependent economies 

can be affected by catastrophic events. The economic and social effects of evolving 

systems for governing and managing salmon catches are discussed because those rule 

systems vary through time and across regions and greatly affect the magnitude and 

distribution of economic value. Interdependencies between aquaculture and the capture 

fisheries and the role of third-party certifications and credence values are dealt with 

elsewhere in this volume; they are briefly discussed here because they directly affect 

exvessel prices through their impact on global markets and they indirectly affect the 

social and institutional structure of the fisheries for Pacific salmon.  
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INTRODUCTION 
 

Pacific salmon have been an important food source and trade good for native peoples of 

the North Pacific rim since prehistoric times (Newell 1994). As market-based economic 

activity expanded into this region in the 18
th
 and 19

th
 centuries, the economic role of salmon 

gained a commercial commodity character without entirely losing its importance as a 

subsistence food source and trade good.  

Indeed, Pacific salmon retains an integral position in subsistence, informal, and mixed 

economies of remote communities throughout its range. Over the past sixty years, the United 

States of America, the Russian Federation, Japan, and Canada have accounted for virtually 

the entire global catch of six species of Pacific salmon: Chinook (Oncorhynchus 

tshawytscha), chum (O. keta), coho (O. kisutch), masu (O. masou), pink (O. gorbuscha), and 

sockeye salmon (O. nerka).
1
 Two species, Chinook and coho, are increasingly used in marine 

aquaculture
2
 with net pen production of these species being almost entirely confined to Chile 

(primarily coho) and New Zealand (Chinook).  

Global production of Pacific salmon by species and country of origin is represented in 

Figure 1 and Figure 2, respectively. Annual catches were relatively low and stable through the 

1950s and 1960s and began to increase in the mid-1970s. Production of pink and chum 

salmon has increased to a much greater extent than production of the other four species, 

primarily the result of enhanced artificial production for these two species (Ruggerone et al. 

2010).  

The increase in coho salmon is almost entirely due to increases in pen-based marine 

aquaculture for that species. Pink salmon production has a strong biannual variability because 

the progeny of odd-year and even-year broodstocks do not overlap. There is overlap across 

brood years in all other Pacific salmon species.  

For some regions, regional production of Pacific salmon (Figure 2) is closely correlated 

with trends by species (Figure 1). For example, overall production increases in the U.S. and 

Russian Federation
3
 are largely due to increases in the production of pink salmon and chum 

salmon. This increase is attributable to increased hatchery releases in Alaska and the effects 

of the 1976-1977 ocean regime shift on the productivity wild pink salmon from Alaska and 

the Russian Federation (NPAFC 2012; Ruggerone et al. 2010). 

 

                                                        
1
. Freshwater and anadromous forms of a seventh species, rainbow trout (O. mykiss), occur naturally in the eastern 

North Pacific region and have been widely introduced outside of the region. Rainbow trout support 

commercial and non-commercial capture fisheries as well as marine and freshwater aquaculture. In 2011, 

global production (capture and aquaculture) of Pacific salmon, not including rainbow trout, was 1,224,619 t. In 

that same year, production of rainbow trout was 772,814 t, of which 37.5% was from marine aquaculture (72% 

Chilean) and 62.2% was from aquaculture in fresh or brackish waters (FAO Fisheries Statistics database 

2013). 
2
. The recent 10-year average is 13.2% and has varied, with no particular trend, from a low of 11.2% in 2007 to a 

high of 15.5% in 2002 (FAO Fisheries Statistics database 2013). 
3
. U.S.S.R production data for 1950-1987 are herein treated as elements of the Russian Federation time series 

because those catches of Pacific salmon are almost entirely attributable to areas of the U.S.S.R now included 

in the Russian Federation.  
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Figure 1. Global production (capture and aquaculture) of Pacific salmon by species (t), 1950-2011. 

Source: UN FAO Fisheries Statistics database 2013. 

 

 

Figure 2. Global production (capture and aquaculture) of Pacific salmon by nation (t), 1950-2011. 

Source: UN FAO Fisheries Statistics database 2013. 

The increases in Chilean and New Zealand production are due to the expansion of marine 

aquaculture. The decline in Canadian production beginning circa 1991 and the drop in U.S. 

production in 1996 and 1997 reflect substantial reductions in salmon production on the Fraser 

River and Columbia River systems. Catches off Alaska continued to trend upwards 

throughout the 1990s (Figure 3). Because these declines are nearly concomitant with a decline 

in Japanese production and because similar declines have been observed in longer time series 

of salmon catches, it has been suggested that Pacific salmon population fluctuations are, to a 

certain extent, driven by low-frequency environmental processes (See, e.g., Hare and Francis 

1995; Beamish et al. 1999; Mantua et al. 2007; Ruggerone et al. 2010). Miller and Munro 

(2004) demonstrate that the existence and unpredictability of such regime shifts decrease the 

likelihood of reaching consensus on the management of transboundary stocks, particularly 

when the consequences of regime shifts are inversely correlated across regions, as they appear 

to be for Pacific salmon.  
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Figure 3. U.S. Commercial catches (numbers) of Pacific salmon off Alaska, 1878-2012. Source: Alaska 

Department of Fish and Game 

(http://www.adfg.alaska.gov/index.cfm?adfg=commercialbyfisherysalmon.salmoncatch). 
4
 

To understand the economic importance of the social-ecological system that encompasses 

Pacific salmon, it is important to acknowledge some of the unique life-history characteristics 

of Pacific salmon. They are semelparous
5
 and anadromous, hatching in fresh water, migrating 

to sea, and returning as adults to fresh water to spawn and die. In returning to their natal 

streams, Pacific salmon follow migratory routes that take them through areas that are readily 

accessible to people and where the salmon are vulnerable to simple fishing methods. The 

consistent seasonal availability of salmon, the large magnitude of returns to some watersheds, 

and the readiness with which salmon can be preserved for storage led salmon to become a 

keystone resource for early societies in the Pacific Northwest, Alaska, Kamchatka, Eastern 

Siberia, and Japan. The energetic richness of salmon resources allowed many of these 

societies to develop a settled lifestyle and to maintain high population densities and, in many 

places, fostered a flowering of culture and arts (Newell 1994). However, the vulnerability of 

salmon to harvesting has also resulted in the overharvest of some Pacific salmon stocks. 

Moreover, although run strength (the number of salmon returning to their natal watershed) is 

related to escapement (the number of parent-generation adults that reach spawning grounds), 

it is also affected by the survival and growth of eggs and early life stage salmon in the 

freshwater environment, the growth, survival, and maturation of juvenile salmon at sea, and 

the exposure of returning adults to predators and fisheries. Because Pacific salmon are short-

lived (as little as two years for pink salmon or as long as two to seven years for Chinook 

salmon) and because most surviving adults return to their natal spawning bed, there is 

observable correlation in run strength through time. Salmon-dependent societies have 

flourished for hundreds of years across the North Pacific region because community members 

adopted rules and mechanisms to cope with year-to-year variability in run strength and to 

ensure adequate escapements over the long run (Higgs 1982).  

Because most Pacific salmon fisheries occur immediately offshore of or within their 

rivers of origin, the fishery is widely distributed. Many coastal areas of British Columbia, 

Alaska, Kamchatka, and Eastern Siberia where salmon fisheries exist are lightly populated, 

poorly connected to transportation systems, and lacking in alternate employment 

                                                        
4
. ADF&G is not responsible for errors or deficiencies in reproduction, analysis, or interpretation of these data. 

5
. Unlike the six species discussed here, even anadromous strains of rainbow trout and related species are 

iteroparous. 
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opportunities. Faced with high costs for goods and services that are not locally produced, 

many of these communities are among the poorest in their nations. While Japan‘s salmon 

fishing communities are better connected they too are among the most remote for their nation. 

That remoteness can create special challenges and we will discuss some of these issues in 

relation to the effects of the Great East Japan Earthquake and Tsunami which occurred in 

2011. These remote communities share a characteristic independence that comes from a 

history of relying on local resources and making do with minimal outside inputs. In most of 

these communities, fishermen retain a portion of their catch for personal consumption and to 

be given to relatives or other community members. In British Columbia and the Yukon 

Territories, these activities are called ―First Nations fisheries‖; in Alaska, they are denoted 

―subsistence‖. Treaty fisheries in Washington state and Annette Island, Alaska are additional 

examples of salmon fisheries that are separately regulated to support customary and 

traditional uses including gifting, exchange, and barter. In some regions, the magnitude of 

subsistence catch rivals the commercial harvest. For example, along the Yukon River in 

Alaska and the Yukon Territory, subsistence catches regularly exceeded commercial catches 

through the end of the 1960s and have again done so in many years since 1998 (Figure 4). 

Moreover, there are often synergies between subsistence and commercial catches—

commercial catches provide cash to pay for boats, fuel, and gear used in commercial and 

subsistence fishing.  

However, salmon fishermen in many remote areas face competition for local salmon 

resources from individuals who live outside the region. This is particularly so in parts of 

British Columbia, Alaska, Kamchatka, and Eastern Siberia where even though most Pacific 

salmon fisheries have come to be managed under long term spatially explicit permits, there 

are few limitations on who can hold the permit. (For example, see Shriver et al. 2013, for a 

description of changes in local and non-local ownership of salmon limited entry permits in 

Alaska.) 

In addition to being the focus of commercial and subsistence fisheries, there are 

regionally important sport fisheries for Pacific salmon species. For example, although sport 

catches in Alaska represented less than 1% of the total harvest (by weight) of Pacific salmon 

in 2011, they were responsible for 17.5% of the Chinook salmon catch and nearly 14% of the 

coho salmon catch.  

 

 

Figure 4. Commercial and subsistence catches of Pacific salmon on the Yukon River and tributaries, 

1961-2008). Source: Alaska Department of Fish and Game area management reports, various years. 
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In that same year, sport catches represented almost 6% of the total catch of Pacific 

salmon off Washington, Oregon, and California. Sport fisheries generate angler surplus—the 

difference between the value of the pleasure of the trip and the costs incurred—and may 

generate ancillary profits to businesses from which anglers purchase goods and hire services. 

Estimates of angler surplus are often measured in value per trip; they are specific to site, 

target species, and time. For example, using 1992 data, Layman et al. (1996) report a median 

angler surplus of $53.94 per day for sportfishing trips for Chinook salmon on the Gulkana 

River, Alaska. The Gulkana River is a tributary that joins the Copper River near the town of 

Glenallen; the Copper River is located in Southcentral Alaska and joins the Gulf of Alaska 

near the port of Cordova. Because the prevailing retention caps limited anglers to no more 

than one Chinook salmon per day, the estimate of angler surplus per day can also be 

interpreted as an estimate of angler surplus associated with the opportunity to catch up to one 

Chinook salmon per day. By contrast, the average revenue paid for commercial landings of 

Chinook salmon in 1992 was $34.55 per fish (average ex-vessel price per pound multiplied 

by average ex-vessel weight per Chinook salmon). The estimated value of angler surplus is 

not directly comparable with the commercial fishery gross revenue estimate for two reasons. 

First, average variable costs would need to be subtracted from the estimated gross revenue to 

provide a measure of commercial net revenue that would be conceptually equivalent to angler 

surplus. Secondly, the estimate of angler surplus would need to be adjusted upwards to reflect 

the fact that the average retained Chinook salmon catch per angler is less than the daily bag 

limit of one fish.  

Using data from 1998, Henderson et al. (2000) derived an estimate of the angler surplus 

of non-commercial fishing on the mainstem of the Copper River near Chitina, Alaska. The 

Copper River is located in Southcentral Alaska. It flows from glaciers in Wrangell-St. Elias 

Range to the Gulf of Alaska near the port of Cordova. In that study, median angler surplus per 

trip was $56.88 per trip. The median trip was estimated to yield 11.756 sockeye salmon, 

0.465 coho salmon, and 0.229 Chinook salmon. At 1998 exvessel prices, the commercial 

revenue associated with that catch would have been $79.23. Again, for comparability, an 

estimate of incremental variable costs would need to be subtracted from the estimate of 

incremental commercial exvessel revenue. Moreover, because the commercial fishery occurs 

near the mouth of the Copper River, to which the Gulkana is but one of several Chinook 

salmon producing tributaries, only a fraction of any incremental reduction in commercial 

catches would be available to the non-commercial fishery near Chitina or to sport fisheries on 

the Gulkana. In addition, as Chinook salmon are reallocated away from the commercial 

fishery, the marginal net revenues of commercial fishing will invariably rise and the marginal 

net benefits of the subsistence and sport fisheries will inevitably fall. The datasets used by 

Layman et al. (1996) and Henderson et al. (2000) were not rich enough to support estimation 

of such nonlinear responses in the change of angler surplus. However, in a model of angler 

surplus in the Pacific halibut (Hippoglossus stenolepis) fishery in Lower Cook Inlet, Alaska, 

Criddle et al. (2003) found that increments to angler surplus were highly sensitive to increases 

in the expected catch. While incremental angler surplus was positive at all levels of catch 

examined, the rate of increase in angler surplus tapered off as expected catches increased; 

expected catches above twice the then current daily bag limit provide almost no increase in 

angler surplus. While that finding was specific to the halibut fishery, the outcome is 

consistent with the property of declining marginal utility from standard economic theory; a 

similar effect can be anticipated in salmon sport fisheries. 
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Wild salmon also generate other non-monetary benefits, most of which are not easily 

measured and some of which cannot be reified. The magnitude of outlays for restoration of 

degraded salmon habitat and to mitigate for endangered distinct population segments of 

Pacific salmon greatly exceed the expected net present value of anticipated sustainable 

commercial and recreational catches associated with stocks that have been restored to their 

former average abundance. Yet as a society, we choose to outlay substantial public resources 

and we are, in some instances, willing to impose uncompensated costs on private persons 

through constraints on the use of their private lands (e.g. through stream setback requirements 

or restrictions on logging practices) or through diminishment of their water rights (Pollot 

1993). These costs, whether borne by the taxpayer or imposed on individuals, are substantial. 

That we condone these costs suggests that we anticipate benefits beyond the monetary values 

of commercial, sport, and subsistence fishing. In addition to the value of Pacific salmon 

harvests, there is value associated with the ecosystem services provided by salmon—the role 

that healthy salmon runs play in their ecosystem through, for example, serving as prey for 

other marine and terrestrial species or through conveying marine derived nutrients into 

nutrient-limited terrestrial and aquatic systems (Schmidt et al.; Uchiyama et al.). While 

actions taken to restore habitat and mitigate threats to endangered distinct population 

segments are often justified in terms of the value of ecosystem services, estimates of the value 

of those services are scarce, as are estimates of existence and bequest values (Brown and 

Goldstein 1984; Walsh et al. 1984). In addition, while it is theoretically possible to estimate 

the value of ecosystem services, and existence and bequest values, there is little philosophical 

basis for estimating the ceremonial or religious value of salmon, or its cultural significance. 

Efforts to enhance the productivity of Pacific salmon seemingly date back to the dawn of 

salmon fisheries. Early peoples modified streams to facilitate upstream migration, they 

transported fertilized eggs to streams that lacked salmon runs, and they killed predators. To 

one extent or another, these activities have continued through to the present and hatcheries 

and the fertilization of lake and stream systems have been added to the salmon enhancement 

toolkit (McEvoy 2000; Lichatowich 2001). There is an extensive literature on biological and 

ecological case for and against salmon enhancement (e.g., Smoker and Linley 1997; Hilborn 

and Eggers 2000). Scientific opinion about salmon enhancement turns largely on questions 

related to the extent to which biophysical constraints to salmon productivity are most 

prominently expressed in freshwater or marine life stages and the effect that enhancement 

activities may have on other aspects of the ecosystem and on the genetic composition of wild 

stocks. The large increases in catches of pink salmon and chum salmon since the mid-1970s 

(Figure 1) have been ascribed to a combination of felicitous changes in ocean carrying 

capacity and substantial increases in the numbers of pink salmon and chum salmon fry 

released by hatcheries in Canada, Alaska, the Russian Federation, and Japan (Ruggerone et al. 

2010; Mantua et al. 2007). Hatchery releases for 2010 included 240.9 million sockeye 

salmon, 1,445.2 million pink salmon, 3,274.8 million chum salmon, 15 million coho salmon, 

258.1 million Chinook salmon, 16.4 million masu salmon, and 22 million oceangoing 

rainbow trout (NPAFC 2012). In addition to questions about the extent to which hatchery 

releases do or do not compete with wild production, there are questions about overall- and 

regional-scale economic effects of stock-enhancement. For example, Boyce et al. (1993) 

concluded that, under production levels and prices extant in 1991, increased hatchery 

production would likely reduce the total net economic value of Alaskan salmon fisheries, with 

gains to regions where the increase occurred being more than offset by losses to other regions 
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due to reduced average ex-vessel prices occasioned by the increased production. Because 

world salmon markets have changed considerably since the early 1990s, it is unlikely that 

modest increases in hatchery production would have the same impact now. However, because 

the same economic principles are still at play, answers to questions about the economic 

desirability of incremental changes to the number of fry released by hatcheries, whether in 

Alaska or elsewhere in the North Pacific region, will turn on rearing costs, estimates of ocean 

survival, and price sensitivity in international markets for Pacific salmon.  

Salmon enhancement activities are, in part, motivated by a desire to mitigate for degraded 

habitat and overfishing. Over time and throughout much of their range, freshwater habitat 

need for spawning and the survival of Pacific salmon in their early life stages has been 

degraded as a consequence of other economic activities. For example, salmon habitat in 

California suffered a three-fold assault: sediment loading and out-of-basin water transfers 

associated with hydraulic mining; sediment loading and changes in stream temperatures as a 

result of clear-cut logging of coastal rainforests; and, changes in stream flow regimes, out-of-

basin water transfers, channelization, changes in water volumes, changes in water 

temperature, and changes in water quality due to the construction of dams and canals to 

control flooding, support irrigated agriculture, and to support municipal and industrial water 

demands in the San Francisco Bay area and southern California (Lufkin 1991). These habitat 

changes extirpated salmon from many tributaries of the Sacramento and San Joaquin rivers 

and from some coastal streams. Where stocks remained, their abundance was greatly 

diminished and run timing shifted. Salmon habitat in Oregon, Washington, and British 

Columbia has been subject to many of the same remorseless forces, with much the same 

consequences (Lichatowich 2001). Remoteness and low population densities have not entirely 

spared salmon habitat in Alaska, the Yukon Territory, Japan, Kamchatka, or other regions of 

the Russian Far East. All of these areas have witnessed mining booms that precipitated the 

diversion, channelization, and dredging of some streambeds. While large dams have been 

planned for these regions, they have not been built (Reisner 1987). Mining continues and 

dams remain in consideration. Remoteness is, at best, a hollow safeguard against habitat 

destruction. Moreover, no place is entirely immune to the effects of changes in temperature 

and precipitation that derive from climate change. Whatever the cause, habitat destruction 

reduces the total economic value of wild Pacific salmon. Conversely, successful habitat 

restoration increases the total monetary and nonmonetary value wild Pacific salmon. Whether 

the long-run increase in economic value suffices to offset restoration costs will vary from 

project to project.  

Salmon habitat and the human environment are also subject to catastrophic events. These 

may be natural disasters, such as the Great East Japan Earthquake and Tsunami, discussed 

later, or they may be man-made disasters such as the railroad construction-related rockslide 

that created a barrier to fish passage on the Fraser River in British Columbia in 1914. 

Although that rock jam was dynamited in 1915 and fish ladders were added in the 1940s, it is 

uncertain if the system has regained its former level of productivity. Catastrophes test the 

resilience of social-ecological systems. All catastrophes cause immediate losses in the value 

of impacted social-ecological systems. Their long term impacts depend on whether the 

ecological and human systems return to their former dynamic equilibria. Catastrophes may 

cause permanent changes to ecological systems and thus to interdependent human systems. 

Even when ecological systems return to their former steady state, if the recovery is too slow, 

human systems may be irreversibly altered. For example, salmon processing on the lower 
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Yukon River is scarcely profitable in average years. Processors remain in operation because 

they earn enough to cover their annual variable costs and keep up on equipment replacement 

costs. Such a processor might be able to weather a 1-year fishery closure, but a 2-3 year 

hiatus might cause it to lose key personnel and to fall so far behind in equipment 

replacements that it would be unable to ever re-engage in the fishery. Closure of the only 

processing plant in a remote region may deprive fishermen of a market for all but the most 

valuable portions of their catches and their payment for those catches would be reduced by 

the amount of increased shipping costs needed to move their catch to a distant processor. 

Under such circumstances, fewer permits will be used and those that are used will generate 

less income. In such communities, fishing may be the primary employment and sole source of 

non-transfer revenues, thus loss of fishing income can threaten community viability.  

The economic value of fisheries is strongly influenced by the design of management and 

governance systems. These systems include complex overlapping levels of jurisdiction: 

international treaties, conventions, and regional fishery management organizations; 

federal/national statutes, regulations, standards, and guidelines; and, provincial, prefectural or 

state statutes and regulations. We discuss examples of the interplay of management and 

governance in the case of Japan and Alaska. Those examples do not encompass the wealth of 

governance and management regimes as they have evolved in other Pacific salmon producing 

regions. There are, however, two major international initiatives that have clearly contributed 

to the value of Pacific salmon fisheries. The first of these was the implementation of extended 

jurisdiction in the mid-1970s. That change gave coastal states greater authority over areas 

important to the marine growth of Pacific salmon and the ability to control fisheries that have 

a potential to intercept maturing Pacific salmon in those areas. The second key development 

was the Convention for the Conservation of Anadromous stocks in the North Pacific Ocean, 

which entered into force in 1993. The Convention area encompasses nearly the entire ocean-

phase range of juvenile Pacific salmon. Together, these international measures ensure that the 

five Pacific salmon nations have full authority to control when, where, and how much fishing 

occurs, a necessary element of any deliberative stock management strategy. While these 

measures did not eliminate all transboundary conflicts, they greatly reduced the number of 

parties involved in negotiated resolution of remaining transboundary issues.  

 

 

THE ECONOMIC IMPORTANCE OF PACIFIC SALMON IN JAPAN 
 

The Okhotsk Sea is one of the most important waters for juvenile salmon because the 

spring phytoplankton bloom triggered by sea ice retreat supports a productive zooplankton 

bloom that is crucial to the growth and survival of Japanese stocks of juvenile salmon 

(Shimizu 2009a). Wild salmon spawning in their rivers of origin are affected by the variation 

of natural environmental conditions throughout all life stages. These stocks are supplemented 

by hatchery enhancement that increases survival of early life stages; once released into the 

marine environment, hatchery-origin fry and juvenile and maturing salmon are subject to the 

same environmental forcing that influences growth and survival of wild-spawned salmon. 

Traditionally, Japanese salmon have been processed into salted products. However, the 

demand for salted salmon has declined as the availability of fresh salmon from wild and 

hatchery supplemented stocks, and from pen-based aquaculture has increased. The demand 
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for fresh salmon has been driven, in part, by health-motivated dietary changes that have 

affected eating habits and preferences of Japanese consumers. These changes have resulted in 

a decline in the economic importance of Japanese domestic salmon. As the price of Japanese 

salmon has declined, exports of domestic salmon have increased, principally as inputs to 

China‘s seafood reprocessors. Value-added products made from Japanese salmon in China are 

primarily exported to EU markets, thus changes in domestic demand occasioned by increased 

imports of fresh salmon have resulted in increased export of Japanese salmon. The economic 

importance of domestic salmon stocks can also be viewed through the lens of expenditures to 

reconstruct the set-net fishery and seafood processing industry devastated by the Great East 

Japan Earthquake of 2011. Wild salmon including hatchery salmon have been affected by 

environmental conditions and economic factors. In the years ahead, hatchery salmon will 

continue to fill an important role in stabilizing domestic supplies, which in turn, helps create 

opportunities for the development of market recognition for terroir and credence attributes of 

wild salmon. Long term viability of this sector depends not only on improved understanding 

of the mechanisms and impacts of environmental fluctuation but also on the design of 

marketing strategies and production processes that promote the social and economic 

sustainability of wild salmon stocks. 

 

 

Global Supply and Demand and the Japanese Salmon Market 
 

In 2011, global salmon production was 3.89 million tons (by FAO FishStat). At nearly 

1.1 million tons, wild salmon production is now little more than one third of the global 

supply. Principle producers of wild Pacific salmon include the Russian Federation (0.58 

million tons), the U.S. (0.39 million tons), and Japan (0.17 million tons). The largest 

producers of farmed salmon are Norway (1.12 million tons) and Chile (0.65 million tons). 

Japanese annual consumption of salmon products is about 391 thousand tons, of which, the 

largest sources are domestic wild salmon (166 thousand tons), imports of farmed salmon (210 

thousand tons), and imports of wild salmon (60 thousand tons) in 2011 (by annual report of 

salmon distribution in Japan, 2011). Japan also exports about 50 thousand tons per year and 

maintains inventories of about 130 thousand tons. Sockeye salmon are the main wild salmon 

import; farmed salmon imports include coho salmon and rainbow trout (O. mykiss) from 

Chile, and Atlantic salmon (Salmo salar) from Norway (Figure 5). 

Japanese domestic production includes a combination of wild and enhanced stocks of 

chum, pink, masu, and sockeye salmon, all of which are marketed as wild salmon. Japanese 

salmon enhancement by hatchery programs began over 120 years ago in Hokkaido and 50 

years ago in Honshu (Kobayashi 2009). In order of production volume, these hatcheries 

produce chum salmon, pink salmon, and masu salmon.  

The enhancement programs also release a comparatively small number of sockeye 

salmon into marine waters and lakes. Coho salmon are farmed in the coastal waters off 

Minami-sanriku, Miyagi prefecture in Tohoku region. Rainbow trout and other kinds of 

salmon (Iwana (Salvelinus sp.), Amago (landlocked masu salmon) etc.) have been produced 

in inland fish farms in Japan. Japanese hatcheries typically hold chum salmon fry for six 

months before they are released to spend 3 to 5 years at large in the marine environment. 

Because they are free-roaming, wild salmon, including those reared in hatcheries, are 

ecologically distinct from farmed salmon. 
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Figure 5. Demand and supply of salmon in Japanese market from 1976 to 2011. Domestic production 

includes set-net fisheries, inland farming and offshore fisheries and imports. Imports include fresh, 

frozen and other processed salmon. Demand is reflected in domestic consumption and exports. Export 

amounts are shown by the weight of headless processed salmon. Source: Annual reports of salmon 

distribution in Japan from 1978 to 2013 by Hokkaido Set-net Fishery Association. 

Our description of the economic importance of wild salmon in Japan includes discussion 

of: the role of hatchery enhancement in ensuring the sustainability of wild salmon production 

systems; the importance of the Okhotsk Sea for enhancement of Japanese salmon stock; 

changes in the economic niche of domestic salmon in the Japanese market; the contribution of 

wild salmon to recovery of the seafood processing sector following the Great Earthquake and 

Tsunami; the effects of global warming on marine product branding and the role of salmon 

enhancement programs; the social and economic importance of wild Japanese salmon; and, 

the further increase in the economic importance of wild salmon in Japan.  

Our main goal is to address the following questions: What is the characteristic of 

economically responsible wild salmon production? What are the characteristics of responsible 

trade in wild salmon? What are the characteristics of a responsible salmon fishery? What are 

the characteristics of responsible salmon aquaculture? What are the characteristics of 

responsible salmon enhancement? and, What are the characteristics of responsible 

coexistence of ecological and economic systems? 

 

 

The Role of Hatchery Enhancement in Ensuring the Sustainability  

of Wild Salmon Production Systems 
 

Japanese salmon enhancement operates through cooperation between hatcheries and the 

set-net fisheries. In the 1970s, hatchery enhancement production was minimal. Although 

salmon abundance was increased through hatchery production in 1980s, processors were not 

able to fully utilize the increase because processing capacity was insufficient. Salmon 

production has since expanded significantly, especially in eastern regions of Hokkaido where 

a number of new hatcheries were constructed and some existing hatcheries were upgraded, 
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the Okhotsk Sea coast, and the Nemuro region (annual operating reports of Hokkaido Salmon 

Hatchery, Fisheries Agency; Shimizu 2002). Processing capacity has also expanded to handle 

the additional production. 

Mature salmon broodstock are caught in rivers and fertilized eggs are kept in the 

hatcheries from September through December. Salmon fry are released from hatcheries to 

rivers from March to May and after spending some time in nearshore waters, they migrate 

offshore to the Okhotsk Sea and the Bering Sea. Feeding salmon fry became standard practice 

at all hatcheries as did rearing fry to a larger size before release. Research on the behavior and 

growth of fry released from Chitose hatchery that migrated to Ishikari Bay in west Hokkaido, 

and studies of in the east coast of Hokkaido suggested that growth and survival was highest 

when fry were released in the west in April and in the east in May. The results of site and 

stock specific studies were used to devise optimal release strategies for each hatchery and 

paid off in increased adult returns.  

Although hatchery salmon are maintained in an artificial environment for about six 

months, they grow in the natural environment for 3 to 5 years. Thus their growth is affected 

by environmental conditions and the number and size of maturing salmon that return to spawn 

fluctuates from year to year.  

Hatchery salmon are comingled in harvests of wild-origin salmon and are treated as wild 

salmon in processing and retail. Recently, the economic importance of salmon enhancement 

has expanded and global markets have become increasingly complex. We discuss these trends 

in the context of the interplay between hatchery enhancement, the set-net fisheries, and 

product processing. 

 

 

Importance of the Okhotsk Sea for Enhancement of Japanese Salmon Stock  
 

The Okhotsk Sea is a marginal sea of the Subarctic North Pacific Ocean. Its northeastern 

margins along the east coast of Hokkaido are especially productive for salmon. In recent 

years, chum salmon return rates have shown an especially remarkable increase (Shimizu 

2002). This has been attributed to changes in sea ice and associated changes in primary 

production in coastal regions after sea ice retreat (Alexander and Niebauer, 1981; Legendre et 

al., 1981; Niebauer and Alexander, 1985; Nelson et al., 1987). While there is substantial 

interannual variability in the extent of sea ice coverage and in the timing of its formation and 

retreat, the return rate for wild salmon to the Okhotsk Sea coast of Hokkaido is correlated 

with the extent and duration of sea ice coverage and the timing of sea ice retreat. Survival 

rates appear to increase when the timing of sea ice retreat allows fry releases to be spread out 

over time. That is, there is evidence that biological production after sea ice retreat influences 

survival of juvenile salmon with linkages between primary production and the survival of 

juvenile salmon being moderated by changes in zooplankton assemblages that feed on 

phytoplankton and are in turn, fed on by juvenile salmon. When sea ice retreat is delayed, the 

phytoplankton bloom is temporally compressed and total primary production is reduced 

(Shimizu 2002; Shimizu 2009a). Such conditions are not favorable to the growth or survival 

of smolts.  

Moreover, there is an inverse correlation between salmon return rates to the Okhotsk 

coastal region and cumulative ice concentration in the Okhotsk coastal region. That is, return 

rates decrease when sea ice extent increases. 
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Long term records from a hatchery located at the upper reaches of the Shari river, which 

drains toward the Okhotsk Sea in the eastern Hokkaido, were used to demonstrate the benefits 

of timing the release of fry to coincide with the spike in secondary production that follows the 

Spring plankton bloom (Shimizu 2002; Shimizu 2009a). That finding led to improved 

husbandry of chum fry, practices that include feeding the fry until they achieve higher body 

weight and delaying releases in years with high sea ice concentration. These changes have 

resulted in improved return rates (Shimizu 2002; Shimizu 2009a). Careful monitoring of 

environmental conditions and salmon return rates has been important in the optimization of 

wild salmon propagation and enhancement systems as well as understanding the biological 

and physical processes and how they have changed hatchery strategies to increase the 

economic value of the enhanced fisheries. 

Hatchery-produced and wild juvenile salmon from Japan and Russia migrate to the 

Okhotsk Sea where their early marine survival affects the number of salmon that mature and 

return to spawn or be caught in salmon fisheries. Both hatchery and wild salmon rely on the 

productivity of the Okhotsk Sea because zooplankton is the major food of salmon smolts. 

Studies need to be directed at the feeding conditions of salmon fry during the sea ice retreat 

season in the coastal waters of the Okhotsk Sea to evaluate survival during their first oceanic 

year. There are also a number of common social and economic issues affecting these fisheries 

and the success of stock enhancement and stock management measures. Today, hatchery 

programs aimed at enhancement of salmon stocks have a number of issues aside from 

technological issues The original objective of Japanese salmon enhancement was to increase 

the domestic supply animal protein. That goal was achieved. More recently, there has been 

public interest in ensuring the sustainability of naturally spawning salmon populations. This 

has led to changes in when and where hatchery releases occur and how many juveniles are 

released from each hatchery. Hatchery salmon and natural spawning wild salmon can exhibit 

complementarity. For example, hatchery production can be used to reduce exploitation 

pressure wild stocks. This can be accomplished by encouraging sport fisheries at times and on 

rivers or river segments that are largely reliant on hatchery returns and encouraging the 

development of ecotourism on rivers and river segments that are managed primarily for 

natural spawning by wild salmon. Balancing these and similar environmental and economic 

issues is an increasingly important aspect of hatchery and stock enhancement programs.  

 

 

Changes in the Economic Niche of Domestic Salmon in the Japanese Market 
 

The cost of Japanese salmon enhancement programs has been funded by levies based on 

the value of set-net fisheries production. Stabilization of the value of fisheries production is 

dependent on stable management of local salmon hatcheries. Stabilizing Japanese wholesale 

prices requires a combination of global marketing strategies for exports and stock 

enhancement strategies (Shimizu 2009b).  

The characteristics of Japanese salmon enhancement and set-net fisheries are energy 

saving because hatchery enhancement uses the ocean‘s natural productivity and set-net 

fisheries are passive. Low costs and high added value are also important conditions for the 

economic success of Japanese salmon fisheries. 

Traditional food products made with Japanese domestic salmon include salted salmon 

which was a high-margin product in the 1970s.  
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Figure 6. Set-net fishery production, value and wholesale price of salmon in production market in 

Hokkaido from 1981 to 2011. Source: Annual reports of salmon distribution in Japan from 1978 to 

2013 by Hokkaido Set-net Fishery Association. 

However, the wholesale price of Japanese domestic salmon has declined since the 1980s 

under the pressure from increased imports of farmed salmon and increased domestic 

production due to stock enhancement. The supply of Japanese salmon in the 1990s exceeded 

domestic demand, leading to price declines (Figure 6). Faced with financial losses, the salmon 

sector sought new ways to bolster domestic prices. This was accomplished, in part, by the 

development of an export market to China. Since the early 2000s, the price of domestic 

salmon has increased, largely due to continued expansion of export markets. The export of 

Japanese domestic salmon contributed to the development of seafood processing in East Asia, 

with Japan filling the role of raw material supplier (Yamao 2006). 

Much of the Japanese salmon exported to China was processed for re-export to the 

European Union. Thus, Japanese wild Pacific salmon became a globally available product and 

the existence of that export market put a floor under the price of domestic salmon (Figure 7; 

Shimizu 2005). However, this export strategy has been passive; its primary purpose has been 

to keep low-value salmon off the Japanese market. In recent years, major seafood buyers in 

Europe and North America have committed to source from sustainable fisheries and have 

come to rely on Marine Stewardship Council (MSC) certification as evidence of sustainability 

(Wessells et al. 1999). Because Japanese salmon lacks MSC certification 

(http://www.msc.org/track-a-fishery-ja/certified-fisheries-in-japan/6hq7sr), development of a 

direct market for Japanese salmon in Europe would entail convincing buyers that Japanese 

salmon are sustainably managed. A similar challenge is faced by Alaska salmon producers 

who have chosen not to renew their MSC certification. In both cases, the challenge for 

ensuring access to important global markets is to use terroir and reputation for sustainable 

management as alternatives to MSC certification. 
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Figure 7. Variation of salmon price in Japanese market, 1992 to 2011. This figure shows prices of 

domestic chum salmon, export chum salmon, import fresh Atlantic salmon, import frozen sockeye 

salmon, import frozen coho salmon and import frozen rainbow trout. Source: Annual reports of salmon 

distribution in Japan from 1978 to 2013 by Hokkaido Set-net Fishery Association. 

Important marketing attributes of hatchery salmon are that they spend most of their life-

cycle at-large in the natural environment, they are free of pharmaceuticals and artificial 

hormones, and they are reliably available. Moreover, salmon processed in Japan meet the 

highest quality standards. To maximize the economic value of Japanese salmon fisheries, it is 

important to develop local strategies for hatchery enhancement that take into account global 

market trends related to eco-labeling and product forms (Engle and Quagrainie 2006). It is 

anticipated that additional expansion of domestic salmon in the Japanese market will continue 

to depend, in part, on export growth. 

 

 

Contribution of Wild Salmon to Reconstruction of the Seafood Processing 

Sector Following the Great East Japan Earthquake and Tsunami 
 

The Great East Japan Earthquake and Tsunami struck coastal areas in the Tohoku region 

on March 11th, 2011. The total damage, estimated by the Japanese government, amounted to 

300 billion dollars. The official number of dead and missing, as of October 28th of 2011, was 

19,553. Before the catastrophe, fishing was the economic base of the Pacific coastline of 

Iwate and Miyagi Prefectures, located in the Tohoku region. The earthquake and tsunami had 

devastating effects on these regions. In Iwate, 59 of 178 processing companies were 

completely destroyed, as were 323 of the 439 processing companies in Miyagi. 

The main fisheries of the Tohoku region were chum salmon, saury (Cololabis saira), 

bonito (Sarda orientalis), sea urchin (Strongylocentrotus nudus), scallop (Pecten laqueatus), 

oysters (Ostrea laperousei), and sea mustard (Undaria pinatifida). Chum salmon production 
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in Iwate prefecture was the second only to Hokkaido and thus chum salmon was one of the 

most important fisheries products in the Tohoku Pacific coast region. 

Throughout Japan, salmon economic clusters are a three-legged stool: enhancement 

hatcheries, set net fisheries, and seafood processing. While the scale of each salmon cluster 

and its relative importance varies across regions, the three sectors are co-dependents in each 

local region. The earthquake and tsunami closed down the salmon industry in the Tohoku 

region: salmon hatcheries, processing companies, fishing boats, fishing equipment and houses 

in coastal communities were wiped off the map. However, because the prime season for 

salmon in the Tohoku Pacific coast region is October to December, even though the 2011 

crop of fry was destroyed and harvesting and processing capacity was decimated, the actual 

stock of maturing salmon that would return in fall of 2011 was unaffected.  

The recovery of seafood processing complexes and individual seafood companies in the 

disaster-affected areas has been monitored since October 2011 (Shimizu 2011). The main 

objective of the monitoring has been to document the needs of the fishing industry. It was 

estimated that salmon-processing capacity had been restored to 19,000 tons which was less 

than the 25,000 tons of salmon harvested in the disaster-affected areas before the tsunami. 

Nevertheless, actual production in these regions in 2011 was only 12,000 tons. Thus the 

supply of mature salmon was less than the reconstructed processing capacity in the Sanriku 

coastal region and processors had difficulty in getting enough raw materials to fully utilize 

their capacity. The problem was especially acute for small- and medium-sized firms.  

Based on interview responses, key factors that affected the speed of recovery were 

identified (Shimizu 2013). Factors that impeded recovery were: that the degree of subsidence 

was greater and flooded areas were larger than initially thought; the actual size of processing 

complexes before the earthquake was larger than authorities had recognized; there were 

delays associated with the preparation of a master plan to rebuild whole areas; and, it took 

time to reach a bottom-up consensus on the objectives and priorities of that plan. Factors that 

helped speed recovery included: most employers were not themselves victims of the tsunami 

and they were highly motivated to rebuild their businesses; planning for recovery to coincide 

with the salmon fishing season began immediately after the disaster occurred; information 

was gathered quickly after the tsunami using emergency government grants; support was 

forthcoming from business groups and buyers (or consumers); avoidance of the loss of raw 

materials and product inventories (diversification of risk); and, companies reconstructed by 

top-down leadership could become independent. 

 

 

Effects of Global Warming on Marine Product Branding and the Role  

of Salmon Enhancement Programs 
 

Marine products have transitioned from commodities to specialty goods. The shift is 

driven by the increased extent to which markets differentiate goods based on tangible and 

credence attributes. Market segmentation allows vendors to earn additional revenue from 

consumers who are willing to pay for differentiated goods. Branding is also promoted as a 

mechanism to help stabilize fishermen‘s incomes, increase the consumption of marine 

products, promote tourism, and revitalize local economies. This evolution in seafood markets 

mirrors changes that have been underway for several decades in agricultural markets. 

Agricultural products are often differentiated in the market place based on auditable 
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cultivation practices, such as selective breeding and organic farming; farmed fish has also 

begun to be differentiated in similar ways. However, it is difficult to similarly document 

production of wild-sourced marine products. Historically, the principle attributes used to 

differentiate marine products have been freshness and handling (e.g., holding catches in 

refrigerated seawater or bleeding and icing fish to preserve their freshness), attributes than 

can be directly assessed from examination of the finished product. The next stage for 

differentiating wild marine products involves attributes than cannot be directly observed in 

the finished product, such as how and where harvests occur, whether the fish grow in a 

pristine environment, and the reputation for conservation and management in the region they 

are from. 

The value of branding of marine products is thus subject to the influence of climate 

driven changes in oceanic environmental conditions. Marine creatures, not only sessile 

species such as seaweeds and shellfish, but also fish that grow or migrate in coastal areas, are 

especially vulnerable to changes in environmental conditions. This fact causes fishery 

production to be variable and makes it difficult to brand marine products. Although it is not 

clear how marine resources will be affected by global warming, it is important to study 

marine product branding and the solutions of fishery environment from socioeconomic as 

well as biological and ecological viewpoints (Briones et al. 2006; OECD 2010).  

In Hokkaido, some fisheries cooperative associations have begun to market brand-labeled 

chum salmon, for example, ―Ginsei‖ of Hidaka-cho, ―Kikohshi‖ of Taiki-cho, ―Raoh‖ of 

Rausu-cho and ―Yuhoh‖ of Ohmu-cho (Gyoren 2012). Salmon marketed under these 

specialty labels are selected based on stringent minimum size and flesh grade standards 

adopted by each individual fisheries cooperative association. For example, ―Ginsei‖ are 

immature male chum salmon called Ginke (red meat color) bigger than 3.5 kg weight. 

―Kikohshi‖, ―Raoh‖ and ―Yuhoh‖ are immature male salmon bigger than 4.0 kg weight, 4.0 

kg weight and 3.0 kg weight, respectively. All specialty-labeled salmon are bled live and iced 

aboard fishing boats to preserve their freshness and carefully processed at seafood factories. 

The value of brand-labeling Japanese chum salmon depends on close cooperation between 

hatcheries that enhance salmon stocks, set-net fishermen who harvest them, and processors 

that market the branded fish. 

Marine product branding is feasible only where biodiversity is maintained. In other 

words, branding is possible in environments in which biodiversity or the ecosystem is 

preserved. Although biodiversity is perceived by the public to be valuable as a concept, it 

lacks economic and industrial value unless it can be marketed as a credence attribute of a 

marketed good or service. Branding is one way to add economic value to biodiversity. To 

brand fishery resources, however, fishing needs to be economically viable and value must be 

added to marine products by processing before shipment to consumer markets through 

distribution networks. To sustain fisheries, biodiversity needs to be maintained and the 

coastal environment needs to be preserved (Patterson and Glavovic 2008).  

Concerning the relationship between the process of branding industrial, agricultural and 

marine products and the environment, it is possible to brand industrial products by quality 

because many of their raw materials are under human control. Some raw materials for 

agricultural products are under human control and others are not. Farmed products may 

therefore be branded by quality and place of origin. Because many raw materials for marine 

products are not under human management, there are few examples of branding them by 

quality. Aquaculture is an exception in which branding is making progress. Many wild marine 
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products, however, are branded primarily based on their place of origin, thus the value of 

marine products is particularly susceptibility to environmental impacts (Shimizu 2010). 

For example, mackerel (Trachurus japonicus) from the Saga-seki Fisheries Cooperative 

Association in Oita Prefecture, Kyushu Island in south Japan is well known specialty product. 

Mackerel tends to lose freshness quickly, so a common practice in Japan is to eat it soused in 

vinegar, grilled with salt or simmered in miso (bean paste).  

However, the local people customarily eat Saga-seki mackerel raw, as sashimi, since it 

has less fat and therefore keeps well. Mackerel of the same species from Shimoda and 

Numazu in Shizuoka Prefecture, on the Pacific Ocean side of Japan, is not suitable for 

sashimi because it lacks the unique qualities of Saga-seki mackerel (Ueda 2003). Historically, 

there were no varieties of mackerel that could be eaten as sashimi and thus mackerel was 

treated as a commodity undifferentiated by source. The Saga-seki mackerel represented a new 

variety and became a specialty product. Mackerel came to be eaten as sashimi only if it is 

very fresh and of good quality.  

High-quality mackerel comes only from good fishing grounds. A harvesting method 

designed to keep fish in good condition and distribution systems using fish pens are other 

contributing factors. Registering a particular fishing ground ensures a homogeneous quality of 

fish and differentiates it from fish caught in other fishing grounds. Methods of distribution are 

another factor affecting differentiation. Marine product branding is, however, subject to the 

influences of numerous natural environmental factors. The Bungo Channel located between 

Shikoku Island and Kyushu Island is known for its fast current, high nutrient levels and stable 

water temperatures. If the surface seawater temperature rises due to the effect of global 

warming, present business practices may be disrupted. For example, an increase in deep 

ocean water temperatures in this region could result in a loss of fishing grounds for Saga-seki 

mackerel. Niche marketing of Saga-seki mackerel is only feasible so long as the present 

ecosystem and environmental conditions are preserved. Opportunities to develop high value 

niche markets for particular salmon stocks are similarly dependent on the persistence of high 

quality ecosystems.  

We must deal with two environmental factors to maintain price premiums for specialty 

marine products. The first relates to the natural environment and the second to the economic 

environment. It is important to preserve the natural environment and the ecosystems of the 

coastal environment to warrant consumer confidence that specialty marine products are 

sustainably harvested from healthy natural systems. Preservation of biodiversity is thus a key 

prerequisite to branding marine products.  

The factors of economic environment such as business trends and demand also affect the 

financial viability of branding. Demand for specialty products is likely to decline in times of 

economic recession. If consumers‘ tastes change, demand may also fluctuate. We therefore 

need to develop a strategy that is designed to cope with changes in the natural environment 

and the socioeconomic environment to allow us to maintain value from marine product 

branding. For example, ―Mejika‖—branded immature chum salmon caught with set-net 

fisheries in the Okhotsk Sea coast east of Hokkaido—originate from hatcheries on the Japan 

Sea side of Honshu Island. Thus the value of the ―Mejika‖ brand depends on perceptions of 

the environmental quality of both regions.  
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Social and Economic Importance of Wild Japanese Salmon  
 

The Japanese mothership fishery recommenced operations in the North Pacific Ocean 

after the end of the Pacific War and filled an important role as a source of animal protein for 

Japanese people during the 1950s and 1960s. Russia and the U.S. brought their coasts under 

their control as exclusive economic zones in 1970s, in part, out of concern for control of 

anadromous stocks. Owing to the high dependence on distant-waters fish resources, the 

Japanese fishing industry was strongly impacted by the enforcement of exclusive economic 

zones and the prohibition of salmon fishing on the open seas. Although the deep-sea fishery 

continued to contribute salmon to Japanese markets through the 1970s and into the early 

1980s, the fishery had to withdraw from the North Pacific Ocean because of the Anadromous 

Stocks Convention and imports of wild salmon from Alaska and Russia rapidly increased in 

the 1980s.  

On the other hand, rapid improvements in hatchery methods and expansion of hatchery 

capacity greatly increased the number of chum salmon fry released from hatcheries in 

Hokkaido and northern Honshu; the subsequent returns of mature salmon greatly increased 

domestic production.  

Japanese-led advancements in salmon enhancement were soon transferred to Patagonia in 

Chile, as an international cooperative project led by the Japan International Cooperation 

Agency and the technology became established in Chile in 1980s. In transferring hatchery 

technology, Japan had hoped to develop new salmon fishing grounds in the Southern Ocean 

off Chile and Chile hoped for the development of a new export industry. Although these 

experiments did not lead to the anticipated creation of a new wild salmon fishery, they set the 

stage for development of Chile‘s salmon aquaculture industry. Chilean farmed coho salmon, 

rainbow trout, and Atlantic salmon have become important imports to the Japanese market 

(Shimizu 2001). 

During this same period, Norway began a massive plan to create a world-class salmon 

aquaculture program; farmed salmon was viewed as a high-value export product much like 

North Sea oil and natural gas. Indeed, salmon farming grew rapidly in the 1990s once 

Norwegians developed vaccines for several common diseases (furunculosis and infectious 

pancreatic necrosis) that caused substantial mortalities under high-density aquaculture 

(Sommerset 2005; Gravningen and Berntsen 2008; Asche and Bjorndal 2011). Beginning in 

the 1990s, Japanese imports of wild salmon from Alaska and Russia were gradually replaced 

by imports of farmed salmon from Chile and Norway (Figure 8). In addition, as changes 

occurred in the structure of Japanese households and as a taste for western food has increased, 

there has been a decline in the Japanese traditional food culture and an increase in sales of 

uniform products in general merchandising stores. There has also been development of a local 

food service industry including family restaurants and belt-conveyor sushi restaurants that 

have displaced home cooking and associated reliance on traditional seafoods. These changes 

have resulted in reduced demand for some traditional seafood.  

In contrast to variability characteristic of the production of wild salmon, farmed salmon 

production is largely predictable, it can be expanded or contracted in anticipation of changes 

in demand, and it can yield products on a year-round basis. By adjusting feed ingredients, the 

quality and color of farmed salmon flesh can be tuned to meet market preferences. 

Consequently, salmon aquaculture is able to supply fresh salmon to world markets year-round 

and in accordance with regional tastes and preferences (Figure 9).  



Keith R. Criddle and Ikutaro Shimizu 288 

 

Figure 8. Imports of salmon in Japanese market from 1983 to 2011. Source: Annual reports of salmon 

distribution in Japan from 1978 to 2013 by Hokkaido Set-net Fishery Association. 

 

 

Figure 9. Variation in purchase volume of salmon per Japanese household per year, 1981 to 2009. 

Purchase volumes were calculated from data from the Tokyo Metropolitan Central Wholesale Market, 

Tsukiji, and data from Annual Reports on the Family Income and Expenditure Survey, Ministry of 

Internal Affairs and Communications. 
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Salmon imports increased after the Plaza Accord
6
 in 1985 due to a stronger yen. At the 

same time, returns of mature salmon increased as a result of improved hatchery operations 

and favorable ocean conditions. In response to these increases, the cost of salmon to 

consumer‘s decreased. While imports of farmed salmon have filled expanded market demand, 

most of the increase in domestic salmon has gone into processing products such as salted 

salmon. In the 1990s the large volume of domestic salmon set-net landings exceeded the 

capacity of salt processing and freezing. As inventories piled up, prices collapsed for all 

domestic salmon products except mature roe. Hatcheries were criticized for their large 

increases in fry releases and the set-net fishery was criticized for landing more returned 

salmon than could absorbed by the market. 

However, producers have responded to changing consumer preferences by increasing 

their production of raw fillets and reducing their production of salted salmon. Fisheries 

cooperative associations and the Hokkaido Federation of Fisheries Cooperative Associations 

have channeled their landings of large immature male salmon—Ginke or A-Buna, (red 

fleshed salmon)—into the domestic fresh fish market. Freezing facilities were added to local 

processing centers and the processing capacity of salmon has increased to 7,000 tons per day 

in Hokkaido. Mature domestic salmon—B-Buna or C-Buna, (pink fleshed salmon)—are now 

mostly headed and gutted salmon for export to China to be processed for re-export to the 

European Union. Japanese domestic salmon has, as a result, become an important source of 

wild salmon in the EU. The decline of Japanese salmon prices helped spur the development of 

these export markets, and the ability to export surplus production has stabilized domestic 

prices (Shimizu 2005). 

 

 

Further Increase in the Economic Importance of Wild Salmon in Japan 
 

The export of Japanese salmon has helped to satisfy the growing global demand for 

seafood and has also helped stabilize domestic prices. The value of recent domestic salmon 

production in Hokkaido is 40 to 50 billion yen per annum (according to annual reports of 

salmon distribution in Japan). Additional economic value is generated by processing, 

freezing, distribution, marketing, and trade. Because Japanese salmon enhancement depends 

on the natural productivity of coastal and offshore marine waters, salmon returns fluctuate. 

Domestic harvests are preferentially supplied to domestic markets and secondarily supplied to 

global markets, thus Japanese salmon exports mostly trade in spot markets rather than in long 

term contracts. Stabilizing salmon returns would contribute to the predictability of supply and 

allow for more precise matching of domestic production volume and domestic demand as 

well as open new opportunities for long term export contracts. This suggests a need for 

additional research to clarify factors that affect variation in returns. In addition, fishing, 

processing, value-added processing, and distribution sectors need innovative strategies to 

accommodate natural variation in returns. Cooperative management or joint management 

strategies that lead to formal or informal vertical coordination of decision making by 

hatcheries, fishermen, processors, and distributors may decrease costs and increase value 

                                                        
6
. The Plaza Accord was an international monetary agreement to depreciate the U.S. dollar relative to the Japanese 

yen and German Deutsche mark. Depreciation reduced the Japanese import price of salmon from the U.S. and 

Canada.  
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(Shimizu 2012). As noted above, much of the B-Buna and C-Buna salmon harvested in Japan 

is exported to China where it is processed into final products for export to EU markets. 

Although it is marketed as wild salmon, country-of-origin labels reflect where processing 

occurs and thus the source of this salmon is listed as China. Very little Japanese salmon is 

directly marketed to the EU because few Japanese processors have obtained the necessary 

EU-HACCP certifications. Japanese seafood products have a reputation for sustainability, 

safety, and quality. These are qualities that could attract price premiums in discriminating 

markets, such as the EU. But to capture these premiums, Japanese processors need to 

document compliance with the regulatory requirements of those export markets and the 

Japanese salmon sector will have to invest in the sort of branding, region-of-origin promotion, 

and eco-certification activities pursued by competing suppliers, such as, Norge labeled 

Norwegian farmed salmon products and Alaska Seafood labeled Alaskan wild salmon which 

are heavily promoted in EU markets. Recently, Japanese domestic salmon in the Kitami 

region of the Okhotsk Sea coast of Hokkaido obtained MSC certification. If that certification 

results in a substantial price premium, other regional Japanese salmon fisheries may also seek 

MSC certification. Globalization is helping East Asia to emerge as the largest seafood 

consumer market (Hamada 2006). Therefore, exports to East Asia, Southeast Asia, and 

Southwest Asia may be profitable natural extensions of the Japanese domestic market.  

While salmon fisheries most often focus on adult salmon as they return to their place of 

release, there are important marine fisheries for juvenile and immature salmon. For example, 

the Japanese deep-sea fisheries used to target immature chum salmon—―Keiji‖ or 

―Tokishirazu‖—in the North Pacific Ocean. While the high seas fishery has been closed by 

treaty, there are possibilities for developing hatchery release strategies that exploit natural 

migration pathways to increase the opportunity for set-net fisheries to catch immature salmon. 

To do this, it would be necessary to promote inter-regional cooperation between hatcheries on 

the Japan Sea side of Honshu Island and set-net fisheries on the Okhotsk Sea side of 

Hokkaido Island. Such cooperation could yield substantial catches of ―Mejika‖, an 

economically valuable size of immature chum salmon. Such coordination between hatcheries 

in one region and fishermen in another region is unprecedented, but could be lucrative and 

becomes possible as our understanding of stock specific ocean migration patterns grows and 

as we become increasingly able to genetically verify the source of origin of salmon taken in 

those fisheries. In coming years, hatchery releases of salmon will continue to be an important 

contribution to total Japanese production and, through good management practices, hatchery 

releases should not adversely affect wild spawning salmon stocks in Japan. However, there is 

need for better understanding of the mechanisms by which environmental fluctuations affect 

salmon growth and survival at each life stage.  

There is also a need to adopt policies that promote sustainability and the economic 

importance of wild salmon stocks. 

 

 

THE ECONOMIC IMPORTANCE OF PACIFIC SALMON IN ALASKA 
 

While sport and commercial fisheries for Pacific salmon are important in California, 

Oregon, and Washington, their economic importance is dwarfed by that of other economic 

sectors. In contrast, fishing in Alaska employs one seventh of the workforce. Seafood is the 
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biggest non-government employment sector (McDowell 2013) and the Pacific salmon fishery 

accounts for nearly 28% of the $2 billion ex-vessel value of fish and shellfish harvested off 

Alaska (NMFS 2013). In 2011, Alaska accounted for over 98% of U.S. commercial catches of 

Pacific salmon (Figure 10). While Washington, Oregon, and California produce more 

Chinook salmon than does Alaska, Alaska produces nearly all the catches of coho salmon, 

sockeye salmon, pink salmon, and chum salmon. 

 

 

Figure 10. U.S. Commercial catches of Pacific salmon, by species, 2011. Source: NMFS (2012). 

 

 

Figure 11. U.S. Catches of Pacific salmon, by user group, 2011. Source: NMFS (2012), ADF&G 

(2013). 

Not only does Alaska dominate U.S. commercial fisheries for Pacific salmon, it produced 

over 93% of the U.S. west coast sportfishing catch of Pacific salmon (NMFS 2012; ADF&G 

2013) and salmon remains the most important subsistence food resource for rural Alaskans 

who harvested over 3,000 t in 2011 (Figure 11).  
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Historical Roots 
 

Commencement of commercial fishing for Pacific salmon in the late-1800s disrupted the 

social-ecological fabric of Alaska in three ways. First, for the most part, the commercial 

fishermen were not from local tribes and did not accept tribal authority over salmon 

resources—the introduction of new resource claimants is a common source of disruption of 

social-ecological systems (Cordell 1978; Higgs 1982). Second, the newcomers introduced 

two disruptive technologies: salmon canning, that greatly extended shelf-life and thus the 

distance over which salmon could be transported; and, they imported fibers that could be used 

to construct nets with superior strength and durability and allowed them to successfully fish 

in areas that were not easily fished with traditional technology (Higgs 1982). Third, the 

advent of commercial fishing altered the character of risk—from a matter of survival to a 

matter of financial choice. Unsustainable use of a natural resource is not a viable option for a 

society that is dependent on that resource (Diamond 2005). In contrast, unsustainable harvest 

strategies can, at times, be optimal from a business perspective (Clark 1973).  

Under the ineffectual supervision and outright complicity of federal authorities, private 

firms—fish packers—laid claim to operational bases at the mouths of major salmon-

producing streams and through legal, financial, and extra-legal means, they established 

monopsonies over ex-vessel commercial sales of salmon (Cooley 1963). Through providing 

start-up loans of vessels, gear, and supplies, the packers gained additional financial control 

over the fishery. They used that control to install traps and weirs on the most productive 

rivers and to dispatch fishing vessels to areas where salmon runs were too small or too 

variable to justify construction and operation of traps. Expropriation of their best salmon 

fishing locations was particularly devastating for coastal native Alaskans. Dissatisfaction with 

the market power of the packers was one of the factors that drove interest in statehood and 

salmon traps were banned shortly after Alaska became a state (Rogers 1979). In combination 

with state constitutional provisions that were intended to ensure citizens equal rights to use 

fish and game resources, the ban on fish traps set the stage for a rapid expansion of harvesting 

capacity. As is so often the case, the ensuing race-for-fish created a positive feedback loop 

that fuelled additional capital investment and intensified the race-for-fish. The race-for-fish 

and impotence to control salmon harvests outside the 0-3 nautical mile state waters frustrated 

Alaska‘s efforts to stem the overexploitation of salmon stocks (Clark et al. 2006).  

This changed in the mid-1970s with the adoption of the 200 nautical mile exclusive 

economic zone (EEZ) and passage of the Alaska Limited Entry Act. The Federal government 

used its authority over EEZ waters to institute a ban of directed fisheries for salmon and to 

impose stringent limits on the incidental catch of salmon in groundfish fisheries. Under 

authority of the Limited Entry Act, the State of Alaska capped the number of participants in 

all major salmon fisheries through issuance of limited entry permits (LEPs) (CFEC 2005). An 

Alaska salmon LEP grants its holder a perpetual entitlement to participate in a specific 

salmon fishery (defined by geographic location and permissible fishing gear). The LEP can be 

renewed each year for a token fee or transferred to another person through gift or sale.  

A combination of the closure of offshore salmon fisheries, favourable environmental 

conditions, transition to LEPs, and strict application of an escapement-based management 

strategy resulted in a six-fold increase in salmon catches (Figure 3). While hailed as a triumph 

of fisheries management, the inexorable dynamics of the race-for-fish preconditioned the 

fishery for failure (Wilen 1988; Criddle 2012). Unlike most economic activities, the 
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production of wild fisheries is almost entirely dependent on factors that are outside the control 

of fishermen and fishery managers (Beamish et al. 1999; Hare and Francis 1995). Whereas 

economic competition in normal economic activities is usually won by cost-reducing 

innovation, the perverse incentives of the race-for-fish grant ephemeral advantage to first-

adopters of innovations that increase catch-per-day even when the long-term outcome is an 

increase in cost-per-fish caught. When, as is the case for wild salmon, fishermen race each 

other for shares of a finite (albeit stochastic) quantity of fish, the first to buy more powerful 

vessels get a larger share of the total catch at the expense of all other fishermen who end up 

with smaller catches. As most of the fleet switches to the high-powered technology, average 

catch-per-day for early adopters declines and the fishery is left to pay for a larger capital 

investment without an offsetting increase in total catch. This governance design flaw was 

masked during the 1970s and 1980s by increases in catch (Figure 3), and increases in inflation 

adjusted prices. However, once inflation-adjusted exvessel prices peaked and catches 

stabilized in the late 1980s, the stage was set for failure of the economic viability of the wild 

salmon social-ecological system (Steiner et al. 2011). Fuelled by ever increasing global 

production of farmed salmon, wild salmon prices collapsed (Anderson 1985; Knapp et al. 

2007; Williams et al. 2009). With revenues too small to cover operating costs and loan 

payments on their large vessels, many LEP holders were bankrupted (Herrmann et al. 2004). 

Because the wild salmon fishery is the economic base of many remote Alaskan communities, 

economic failure for fishermen turned into economic failure for processors and whole 

communities. Although inflation-adjusted ex-vessel prices have increased since their 2002 

nadir, the fundamental vulnerabilities remain unresolved. First, individually rational salmon 

LEP holders are predisposed to increase their capital investment whenever revenues trend 

upwards; if they are among the first to do so, they may win a year or two of above average 

earnings. What is rational for the individual is irrational from the perspective of the fishery as 

a whole because increased capitalization simply increases the fishery-wide average cost-per-

fish harvested. Second, salmon aquaculture is driven by cost-reducing innovation that leads to 

increases in the global supply of farmed salmon and reductions in market clearing prices for 

farmed salmon and close substitute goods such as wild Pacific salmon (Williams et al. 2009; 

Olsen and Criddle 2008; Steiner et al. 2011). The continued presence of these vulnerabilities 

strongly suggests that Alaska‘s wild salmon fishery can anticipate a recurrence of economic 

failures similar to that of the early 2000s (Criddle 2012).  

The early 2000s salmon crisis encouraged fishermen and policymakers to explore 

possible changes to the governance and organization of Alaska‘s salmon fisheries. The most 

innovative of these was the formation of a fishing cooperative in the Chignik, Alaska, purse 

seine fishery. Chignik lagoon is a small embayment on the Gulf of Alaska side of the Alaska 

Peninsula. Purse seine operations use two boats, working together, to circle a net curtain 

around a school of fish. Once the circle is complete, the bottom rope of the net is tightened—

pursed—to prevent the fish from escaping the net. Once the net has been pursed, it is brought 

aboard the main vessel until the salmon are crowded into a small section of netting beside the 

boat. At that point the net full of salmon can be hauled aboard or the salmon can be pumped 

directly from the net into a hold aboard the main vessel or a tender. With nearly 100 permit 

holders, each trying to deploy and retrieve their nets in a small fishing area, conflict and gear 

damage were commonplace. Beginning in 2002, the LEP holders were authorized to form a 

voluntary cooperative under which a subset of the LEP holders would fish and they would 

share a predetermined portion of their exvessel revenues with those who did not fish (Knapp 
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2008). This had the effect of idling a portion of the excess capital. Enough vessels fished to 

harvest the guideline harvest level, but because fewer vessels fished, operating costs for the 

fleet as a whole were reduced and the fishery generated greater net revenues than it would 

have otherwise generated.  

Although the Chignik cooperative was deemed an economic success, it was unable to 

withstand legal scrutiny—it was incompatible with provisions of the Alaska Limited Entry 

Act—and was disallowed after 2005.  

However, the courts left open the possibility that amendment of the law or changes to the 

operation of the cooperative might withstand judicial review. A second governance 

innovation spawned by the salmon crisis was ‗permit-stacking‘, the authority for two permit 

holders to agree to fish both permits from a single vessel with the opportunity to deploy a net 

that was 50% longer than allowed under a single permit but only 75% of the combined length 

of netting that could have been deployed if the vessels operated independently. Like the 

Chignik cooperative, permit stacking was a means of reducing operating costs by deploying 

fewer vessels to catch the same number of fish. So far, permit stacking has prevailed against 

political and legal challenges. It remains to be seen if the hypothetical economic advantages 

of dual-permit operations bear out, given recent increases in exvessel prices and in the price 

of LEPs.  

 

 

Organization and Management of Alaska’s Salmon Fisheries 
 

Under the Alaska state constitution, authority for management of salmon fisheries is 

divided between the Alaska Board of Fisheries (BOF), which has responsibility for 

determining policy, the Alaska Department of Fish and Game (ADF&G), which has 

responsibility for research and day-to-day management of commercial, sport, and subsistence 

fisheries, and the Alaska Commercial Fisheries Entry Commission (CFEC), which is 

responsible for research and administration of all state LEP programs. In addition, the U.S. 

Fish and Wildlife Service has research, management, and policy responsibilities for 

subsistence fisheries on federal lands in Alaska, the federal North Pacific Fisheries 

Management Council (NPFMC) has responsibility for proposing management measures to 

regulate intentional and incidental catches of Pacific salmon in the U.S. EEZ off Alaska, the 

U.S. National Marine Fisheries Service (NMFS) has research and day-to-day management 

authority to support management measures recommended by the NPFMC. In addition, the 

U.S. State Department addresses treaty issues that arise due to the transboundary nature of 

some salmon stocks.  

Alaska‘s overall salmon management strategy is to set target levels of escapement for 

each stock and to manage harvests so as to meet or exceed those targets. The targets are set at 

levels that are thought to, on average, maximize sustainable yields. In well-studies systems, 

the targets are based on formal analyses of stock dynamics; for many stocks, escapement 

goals are simple averages of estimated escapements in brood years that are observed to 

produce strong returns. For most Alaskan river systems, management practice is to hold the 

fishery closed until it is estimated that run is strong enough to meet the escapement goal and 

then to encourage harvesting of the surplus of returning salmon (e.g. Eggers 1992). That 

strategy has been criticized for neglecting to consider the economic consequences of very low 

catches in years when run strength is weaker than average, but not critically so, or when run 
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strength is particularly strong and harvesting the whole surplus could flood the market and 

reduce total ex-vessel revenues (Bue et al. 2008; Steiner et al. 2011). Monitoring for 

escapement targets requires real-time estimates of run strength through costly test fisheries, 

tower and weir counts, and sonar imaging.  

These and other monitoring and management costs are not recovered from the fishery. 

Management of large river systems such as the Yukon and Kuskokwim is further complicated 

by the admixture of stocks in lower reaches of the river and the fact that escapement of 

individual stocks may be difficult to predict from run strength estimates that include an 

unknown mix of stocks. One consequence is that managers are not always successful at 

meeting escapement or harvest goals in these gauntlet fisheries (Criddle and Streletski 2000). 

While there are no designated endangered or threatened stocks of wild Pacific salmon in 

Alaska, Pacific salmon from the Pacific Northwest, including Pacific salmon from designated 

endangered stocks, migrate through Alaskan waters where they may be vulnerable to 

interception in Alaska‘s commercial fisheries. Concern over possible interception of 

endangered stocks is mitigated through timing the fishing season in Southern Southeast 

Alaska to minimize the likelihood of such interceptions. Interregional concerns are addressed 

through meetings of the North Pacific Anadromous Fish Commission. 

 

 

Commercial and Subsistence Fisheries for Wild Salmon 
 

When ADF&G determines that there is a harvestable surplus of salmon, priority is given 

to meeting subsistence needs; any additional surpluses fish are allocated to sport and 

commercial fisheries according to fishery-specific goals established developed by the BOF 

through public hearings in each management region. Annual subsistence needs are 

determined by ADF&G in consultation with leaders of communities that harvest substantial 

quantities of salmon for subsistence use. Salmon harvested for subsistence are preserved for 

human consumption or as feed for dog teams and may be gifted or traded across traditional 

family and clan networks (Wolfe 2004). While annual subsistence harvests of about 3,000 

tons are comparable in magnitude to total sportfishing catches or to the combined commercial 

catches of California, Oregon, and Washington, subsistence harvests sum to less than 1% of 

the magnitude of commercial harvests of Pacific salmon from Alaska. Though a small part of 

the overall catch, subsistence catches exceed commercial catches in some remote areas, such 

as the Yukon River drainage, where the total salmon harvest is small, processing and 

transportation costs are high, and household income is particularly low (Figure 4). In such 

areas, subsistence salmon may provide a preponderance of calories and dietary protein and 

fats. Depending on location, subsistence salmon fisheries may use set or drift gillnets, dip 

nets—hand-held hoop nets on long poles, or fish-wheels—baskets mounted on a wheel that 

turn in the current and scoop fish into a holding pen (Figure 12). Subsistence fisheries may be 

subject to household catch limits for particular species, but are generally only constrained by 

open and closed fishing periods during the season and by legally permissible types of gear 

(e.g. 7‖ mesh gillnet).  

In most areas where they overlap, there is a combination of conflict and synergy between 

the subsistence and commercial fisheries. The overlap is most prevalent and most synergistic 

in remote areas where the average commercial earnings per permit is low and most LEPs are 

owned by local residents.  
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The same boats and nets may be used to fish during commercial and subsistence 

openers—revenues from commercial sales may provide the financial means needed to engage 

in the subsistence fishery, which in turn provides the food resources necessary to the 

community. Conflict mostly arises when subsistence fishermen rely on stocks that are the 

focus of lucrative commercial fisheries. In such circumstances, there tends to be much less 

local ownership of LEPs. Conflict can also arise between subsistence and sport fisheries for 

Pacific salmon, especially when the fishery occurs near urban-rural boundaries, such as the 

Kenai Peninsula and the Copper River. 

 

 

Figure 12. Salmon fish-wheel, Chilkat River, Alaska, August 7, 2007. Credit: Keith Criddle. 

The CFEC has limited entry in 26 of the 27 designated commercial salmon fisheries in 

Alaska. Catch rates and average earnings per permit vary widely by fishery according to the 

typical abundance and mix of species available to the fishery and the fishing power of the 

permitted gear. For example, average earnings per permit during 2011 ranged from a low of 

$3,828 on landings of 8 tons for an Upper Yukon fish-wheel LEP to a high of $454,190 on 

landings of 391 tons for a Southeast Alaska purse seine LEP (CFEC BIT table, 2013). Gear 

limitations for commercial salmon fisheries are location specific but may include set or drift 

gillnets, beach seines, purse seines, or hook and line troll gear. Commercial fisheries are 

restricted to particular seasons and may be subject to short-duration open and closed fishing 

periods within those seasons. Ever since commercial fishing began, Alaska‘s salmon fishery 

has been focused towards external markets. In the 1970s and 1980s, most of Alaska‘s sockeye 

salmon went to Japan, most of the Chinook salmon and some coho salmon went to U.S. 

markets, the rest of the coho salmon went to Japan, and pink and chum salmon was canned 

for sale in the U.S. Since then, coho salmon from Chile and Atlantic salmon from Norway 

have almost entirely displaced Alaskan coho salmon in the Japanese market. Similarly, in the 

late 1980‘s, over 80% of Japanese imports of salmon was sockeye salmon from Alaska; 

Alaska‘s share of the Japanese import market for salmon is now less than 20%. Over the same 

25-year period, Alaska‘s share of the U.S. domestic market has fallen from nearly 100% to 
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less than 20%. While catches of wild Alaskan salmon have held steady for the past 30 years, 

global salmon aquaculture production has rapidly expanded. In the mid-1980‘s, Alaska 

dominated global salmon markets; Alaska‘s Pacific salmon fisheries now supply less than 7% 

of the global demand for high-value salmon.  

A little known but important recent development in Alaska‘s commercial fisheries for 

salmon is the growing role of the Western Alaska Community Development Quota (CDQ) 

entities. The CDQs were organized in 1991 to help develop fisheries in 56 (now 65) small 

communities in Western Alaska (Ginter 1995). Resources to support the CDQ program were 

provided in the form of an allocation of 7.5% of the Bering Sea and Aleutian Islands region 

annual total allowable catch of Alaska pollock (Theragra chalcogramma), a pelagic whitefish 

in the cod-family. The Alaska pollock fishery is the largest U.S. fishery with annual catches 

of about 1.2 million tons. Because the CDQs lacked vessels suitable for participation in the 

pollock fishery and because they lacked ports deep-enough to accommodate such vessels, 

CDQ quota shares were offered for lease in exchange for royalty payments and ownership 

stakes in pollock fishing companies. The CDQ program was expanded in 2006 to include a 

10% allocation of all groundfish and shellfish fisheries in the U.S. Eastern Bering Sea EEZ. 

Since that time, royalty payments to the CDQs have stabilized at about $65 million per year; 

non-royalty revenues—earnings from investments—are rising rapidly and, in 2010, exceeded 

$348 million. The combined net assets of the six CDQ entities now exceed $800 million. 

These earnings are ploughed back into investments or used to pay for fishing vessels, 

fisheries-related infrastructure, etc. The CDQs have invested substantially in the construction 

of small scale salmon processing facilities in their region, a region that does not have fisheries 

large-enough to attract commercial investment. Their non-profit status allows CDQ entities to 

operate these small facilities at margins that would be too low for a commercial operator. The 

presence of these local processing plants has increased exvessel revenues for local LEP 

permit holders and it has created local employment opportunities (ADCCED 2009).  

 

 

Figure 13. FV Pacific Belle, a seiner, harvesting chum salmon in cost-recovery fishery for Douglas 

Island Pink and Chum (DIPAC) hatchery operations, Amalga Harbor, Alaska, June 24, 2013. Credit: 

Keith Criddle. 
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While most Alaskan catches of Pacific salmon are from stocks that spawn in the wild, fry 

reared in state-owned and private not-for-profit (PNP) hatcheries contribute to catches of 

Chinook salmon, chum salmon, coho salmon, pink salmon, and sockeye salmon. Starting in 

1971, the ADF&G began to operate hatcheries to enhance the production of Pacific salmon 

for sport, subsistence, and commercial fisheries. Shortly thereafter, the state legislature 

authorized the development of PNP hatcheries. Today, there are 18 PNP-owned hatcheries, 

11 state-owned hatcheries operated on contract by PNPs, 3 federally licensed hatcheries, and 

3 state-owned and operated hatcheries. Fry released from these hatcheries are intended to 

enhance the number of adult Pacific salmon available to commercial, subsistence, and sport 

fishermen.  

In 2012, these hatcheries produce 10 million Chinook salmon fry, 61 million sockeye 

salmon fry, 25 million coho salmon fry, 943 million pink salmon fry, and 633 million chum 

salmon fry (Vercessi 2013). The share of total commercial harvests that is attributable to 

hatchery-produced fish varies from year to year and from area to area. For example, in 2010, 

commercial catches of hatchery-produced Pacific salmon exceeded 77 million fish or 48% of 

the total salmon harvest. In 2012, commercial catches included 37.2 million hatchery-

produced Pacific salmon or 31% of the total commercial harvest of Pacific salmon (Vercessi 

2013). In that same year, hatchery-produced Pacific salmon generated about 80% of the 

commercial catch in Prince William Sound and 31% in Southeast Alaska. PNP hatcheries 

derive revenues from cost-recovery fisheries, fishing periods open solely to a few vessels who 

fish on behalf of the hatchery (Figure 13). In 2012, the cost recovery fisheries netted 7.3 

million salmon (Vercessi 2013). Net revenues from the sales of fish caught in the cost-

recovery fishery are used to offset hatchery operation costs.  

 

 

Fishing and Interregional Connections  
 

Regional-scale changes in the distribution of the economic benefits of Alaska‘s salmon 

fisheries have important social consequences. Although Alaska salmon LEPs are issued for 

specific regions, permit holders are not required to live in those regions. The initial allocation 

of LEPs in Alaska‘s salmon fisheries was based on individual fishing histories: in each 

region, those individuals with the most consistent history of catching and selling salmon were 

allocated a LEP for that region. A total of 12,667 salmon LEPs were issued, of which, 72.3% 

went to local residents, 8.4% to residents of other regions of Alaska, and 19.2% to residents 

of other U.S. states (Shriver et al. 2013). While some (12.8%) of the salmon LEPs were 

issued to specific individuals and cannot be transferred, the majority of LEPs are eligible to 

be transferred through gift, sale, or trade. As of year-end, 2012, 1,705 salmon LEPs had been 

cancelled for various administrative reasons. The remaining 10,962 salmon LEPs are held by, 

local Alaskan residents (60.1%), non-local Alaskans (14.9%), and other U.S. residents (25%). 

These net changes in the regional distribution of LEPs reflect individual choices to transfer 

their permits or to move to another region. This outcome—the authority for individuals to 

hold fishing rights independent of their membership in particular communities—stands in 

sharp contrast to traditional fisheries where fishing rights have a territorial basis and those 

rights attach to the community rather than to individuals (see for example Christy 1982; 

Ruddle 1989; Jentoft and Mikalsen 1994; Schlager 1994.) In some regions, as much as 80% 

of the salmon LEPs are now held by non-locals. This is particularly the case for LEPs in the 
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highest-earning fisheries such as the drift gill-net fisheries in Bristol Bay. Local and non-local 

fishermen spend some of their earnings on goods and services inside of the region which, in 

turn, engenders additional economic activity within the region, but non-locals spend a smaller 

portion of their earnings in the region and are less likely to employ local crew. Because 

salmon fishing is the base economic industry for many Alaskan communities, the economies 

of those communities are greatly affected by changes in catch and changes in LEP ownership. 

Thus the regional economic impact of a 12% decline in local LEP ownership is considerably 

greater than 12%. The link between LEP program design, unfettered transfer of LEPs, and the 

erosion regional economies is an unresolved public policy concern.  

 

 

The Value of Pacific Salmon as Unretained Bycatch in Other Fisheries 
 

In addition to its value as a product of commercial, sport, and subsistence fisheries, 

Pacific salmon has value as a joint product of other fisheries. The incidental catch of Pacific 

salmon in other fisheries is, to a certain extent, unavoidable. For example, in 2011, the 

Eastern Bering Sea pelagic trawl fishery for pollock had an average bycatch rate of 22 

juvenile or immature Chinook salmon per ton of pollock and an average bycatch rate of 171 

juvenile or immature non-Chinook salmon per ton of pollock (Fissel et al. 2012). That is, to 

the extent that bycatch rates observed in 2011 were a fixed proportion of total catches of 

pollock, each incremental decrease in the total incidental catch of Chinook salmon could have 

entailed foregoing as much as 45.5 tons of pollock and each incremental decrease in the total 

incidental catch of non-Chinook salmon could have entailed foregoing as much as 5.8 tons of 

pollock. In 2011, the average ex-vessel price of pollock was $360.8 per ton (Fissel et al. 

2012). So, at 2011 bycatch rates and ex-vessel prices, the incremental gross value to the 

pollock fishery of juvenile and immature Chinook and non-Chinook salmon would be 

$16,400 and $2,110, respectively. The actual opportunity cost to the pollock fishery would 

likely be less because the fleet has demonstrated an ability to reduce bycatch rates by 

changing fishing locations and by modifying gear.  

 

 

CONCLUSION 
 

The economic importance of wild Pacific salmon includes its value as the target of a 

large and diverse commercial fishery, its value as the economic base of coastal communities 

across the North Pacific rim, its value as the focus of sport fisheries, its continued role as a 

subsistence resource and trade good, and the value of ecosystem services that are dependent 

on the health of wild Pacific salmon. Over the past decade, total catches of wild Pacific 

salmon have averaged over 900 thousand tons (UN FAO Fisheries Statistics database) and 

thus, on sheer volume of landings, the fisheries for wild Pacific salmon are among the largest 

of all capture fisheries.  

The wild Pacific salmon fishery ranks even higher in terms of value than it does in terms 

of volume because wild Pacific salmon fetch higher exvessel prices than most other high 

volume fisheries. Although, as a whole, sport catches of wild Pacific salmon are dwarfed by 
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commercial catches, sport fisheries take over 10% of total coho salmon and Chinook salmon 

harvests.  

The marginal net economic benefits of sport harvests can be substantial and may exceed 

the marginal net economic benefits of commercial catches (Layman et al. 1996, Henderson et 

al. 2000). Subsistence catches are also a small (<1%) component of total catch but are, 

nevertheless, larger than sport and commercial catches in some regions. Because estimation 

of the net economic benefits of sport and subsistence catches is methodologically challenging 

and costly, there are no region-wide estimates of these values. Similarly, although there is 

agreement that wild Pacific salmon contribute to the productivity and character of ecosystems 

and although there is agreement that such ecosystem services are valuable, there are no 

region-wide estimates of the value of ecosystem services attributable to wild Pacific salmon 

or estimates of how that value is affected by changes in their abundance.  

Commercial, sport, and subsistence fishing, and tourism associated with observing wild 

salmon and the predators they attract, generate economic activity in salmon producing 

regions. While regional economic activity is largely a zero-sum-game from a national 

perspective, it is critically important to communities. Because wild Pacific salmon are mostly 

harvested on their return migration, the fishery is widely distributed in space and supports 

numerous small communities. Salmon fishing is the basic economic activity in many of those 

communities, the reason for their existence. Thus the communities thrive or fail as a function 

of the number of salmon that return, prices that prevail in world markets, and the extent to 

which fishing and fish processing involve local peoples as laborers and capitalists (owners of 

assets such as boats, processing plants, fishing permits). While the subsistence value of 

Pacific salmon may be isolated from the direct effects of fluctuation in market prices, it is 

directly affected by variation in the abundance of salmon. Moreover, because subsistence 

harvesters are embedded in the economies of their communities and because most rely on 

earnings from commercial sales of salmon, even subsistence value cannot be entirely 

disentangled from the vagaries of global markets. 

Because farmed Atlantic and Pacific salmon compete with wild Pacific salmon in global 

markets, the economic value of wild Pacific salmon and the economic value of farmed 

salmon are jointly determined (Knapp et al. 2007; Williams et al. 2009). The extent to which 

this competition impacts the economic value of wild Pacific salmon depends on how sensitive 

consumers are to increases in the combined total supply of wild and farmed salmon and on 

the continued capacity for cost-savings in farmed salmon production systems (Steiner et al. 

2011). Over the past three decades, consumers have been willing to purchase ever increasing 

quantities of salmon, but only at lower prices. At the same time, technological innovation in 

salmon farming has allowed unit production costs to fall fast enough to keep pace with 

market clearing prices and it has been profitable to increase total farmed production. This has 

been unambiguously bad news for the producers of wild salmon for two reasons. First, there 

are many impediments to increasing the total production of wild salmon—there appear to be 

carrying capacity constraints that operate at various scales and in various life-stages of wild 

salmon. While hatcheries can get around limits to the productivity of freshwater systems 

needed for the growth and survival of eggs and fry, hatcheries cannot increase the 

productivity of the nearshore or offshore environments used by smolts and juvenile and 

maturing salmon. Thus wild salmon-based social-ecological systems cannot compete with 

farm salmon systems by increasing production. Although there is opportunity for price 

competition based on product differentiation, differentiation does not unambiguously favour 
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wild salmon. The second reason that expansion of farmed salmon has been bad news for wild 

salmon-based economies has to do with institutional failures—the choice to operate wild 

salmon fisheries under a race-for-fish allocation scheme. The consequence of which is that 

ephemeral increases in ex-vessel revenues spur additional capital investment (bigger or faster 

boats), investment that may increase catches for individual fishermen but do not increase 

overall catch. To defend their individual shares of the overall catch, other fishermen also 

invest in additional capital and in the end, their costs rise to where they are only just offset by 

their revenues. When ex-vessel prices fall, fishermen find themselves with capital and 

operating costs in excess of their revenues with devastating financial consequences to 

individuals and economic disaster to their communities. The seeds of a coming salmon crisis 

are now being sown in the form of increased orders for new vessels fuelled by recent 

increases in ex-vessel price (Criddle 2012). This problem is most evident in the salmon 

fisheries of Alaska and Canada and to a lesser extent in Russia and Japan where alternative 

institutional structures lessen the incentive to over-capitalize fisheries and to race for shares 

of the allowable catch. 

Barring radical changes in the organization of wild salmon fisheries, the long run 

prospects are for declining net revenues to commercial fishermen and their communities. 

While the value of sport fisheries is likely to increase, most of that value accrues to anglers 

who do not live in the regions where they fish, and thus the regional value of increased sport 

fishing-related economic activity is not likely to offset any reduction in economic activity due 

to reduced value of commercial catches. There are opportunities for a brighter outlook. The 

nascent cooperation between hatcheries on Honshu and fishing cooperatives on Hokkaido to 

develop a fishery for ―Mejika‖ is promising in that it may allow increases in the production of 

wild salmon without imposing a larger burden of open-ocean carrying capacity. Similarly, the 

economic value of commercial fisheries in Alaska could be greatly increased by changing the 

allocation system from a race-for-fish free-for-all to a share-based system of harvest rights or 

to a harvest cooperative structure like the Chignik cooperative (Knapp 2008).  

Wild Pacific salmon is a spectacular resource, a resource that can be managed for large 

sustainable harvests, a resource that can serve as the foundation of a sustainable social-

ecological system. The keys to sustainability are ensuring that escapements are sufficient to 

meet the reproductive needs and maintain the genetic diversity of each stock and the redesign 

of governance and management systems to more fully recognize the common interests of 

salmon-dependent communities and to end the profligacy of the race-for-fish.  
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