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any locals in British Columbia’s
Broughton Archipelago welcomed the salmon-farming industry in the early 1980s. It promised jobs,
more schools, and higher incomes. It was
not until some regular pods of killer whales
stopped returning—and later, when some
wild salmon populations became diseased—that the locals became concerned.
In Alaska, coastal ecosystems were protected from these impacts by a statewide ban on
finfish farming in 1989. However, when the
price of their commercial salmon catch
plummeted in the mid-1990s, Alaskans
became worried. Throughout the Pacific
Northwest and Alaska, people now see the
close connection between salmon farming,
the environment, and international markets.
As the global aquaculture industry continues to expand, what impacts will it have on
local ecosystems and fishing economies?
Salmon aquaculture, which consists of
rearing salmon from eggs in hatcheries and
then growing them to market size in marine
netpens, is indeed a booming industry.
Since the late 1980s, there has been a fivefold increase in farm salmon production
worldwide.1 The majority of farm salmon is
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ture is often viewed as an important means
for replacing, or at least supplementing,
capture fisheries and providing a healthy
food product to consumers.
The validity of these claims remains a
debated topic.5 Many scientists, environmentalists, and fishers worry that the ecological risks of farm fish—such as the
spread of disease and parasites, competition
among escaped farm fish and endemic
species, and pollution from farm effluent—
outweigh the potential benefits. The health
advantages of farm fish are also disputed.6
Taking a close look at a specific region—
Washington, British Columbia, and Alaska—where both salmon fishing and salmon
farming are important politically, economically, and ecologically, provides insight into
this debate. Since the late 1800s, wild
salmon capture has played a critical role in
the region’s economy by providing employment and income to a large number of
Native American and nonnative communities along the coast. The region is home to
indigenous stocks of sockeye, chum, pink,
coho, and chinook salmon, and a large share
of the fish captured is sold in international
markets. Wild salmon runs have been at
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produced in countries with long, protected
coastlines and cold ocean water—most
notably Chile, Norway, the United Kingdom, and Canada—and is sold to markets
in Japan, North America, and Europe.
Global salmon output, including wild
catch, has grown from less than 800,000
metric tons (mt) to more than 1.8 million
mt during the past 15 years, and virtually
all of the growth has come from farms.2
Consumers now benefit from an abundance
of fresh fish in the market throughout the
year. Industry representatives have suggested other potential benefits as well, such as
reduced pressure on overfished salmon
populations and provision of habitat for
marine organisms.3 Given the broad scientific consensus that global fish capture has
reached a plateau and that many fish stocks
are depleted or close to depletion,4 aquacul-

record levels in many areas of Alaska since
the late 1980s due to favorable climatic conditions and hatchery-enhanced production.7
Despite these conditions, Alaska’s contribution to the global salmon market declined
from 40–50 percent in the early 1980s to
less than 20 percent by 2000, mainly
because of competition with farm salmon.8
In Washington and British Columbia, several Pacific salmon populations have become
threatened or endangered. As shown in Figure 1 on page 20, seven of every ten salmon
produced in Washington and British Columbia now come from farms.
In Washington and British Columbia,
there is tension within governing agencies—the U.S. National Oceanic and
Atmospheric Administration (NOAA) Fisheries and the Department of Fisheries and
Oceans (DFO) Canada, respectively—that

Figure 1. Wild and farmed production in British Columbia and Washington, 1985–2001
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SOURCE: U.S. National Oceanic and Atmospheric Administration (NOAA) Fisheries, Commercial Fisheries Landings Database (2002),
accessible via http://www.st.nmfs.gov/st1/commercial/; and British Columbia Marketing Council, Salmon Market Database (2001), accessible
via http://www.bcsalmon.ca/database/farm/fmwtyrs.htm.

have joint mandates to promote aquaculture and to protect ocean resources.
There is also mounting regional tension
between salmon fishing and salmonfarming activities. British Columbia’s
government lifted its six-year moratorium on salmon farming in September
2002, while the U.S. government is
proposing the development of aquaculture facilities in the offshore federal
zone, which lies between 3 and 200
miles off the U.S. coastline.9 These
developments will likely place salmon
farms much closer to the Alaskan border, weakening the safety net on coastal
ecosystems provided by the state’s ban
on finfish aquaculture (see Figures 2a
and 2b on pages 22 and 23).
Salmon farming is not the only form
of aquaculture with impacts on local
fisheries, ecosystems, and fishing communities. Although it is not yet on the
same scale as salmon aquaculture, the
farming of other carnivorous, highly
valued species such as bluefin tuna,
cod, and halibut is on the rise in different regions around the world (including,
for some of these species, the Pacific
Northwest). The debate over salmon
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farming thus serves as a model for
exploring the broader set of issues surrounding marine aquaculture.

The Global Aquaculture
Industry
Salmon aquaculture has its roots in
hatcheries, in which salmon eggs are
fertilized and fish are raised to smolts
before being released into the ocean.
The development of hatchery technology began in Europe in the late 1700s
with the goal of enhancing wild salmon
runs that had been depleted by fisheries.10 It was not until the early 1970s,
however, that private salmon-farming
companies (which raise smolts from
hatcheries to maturity in netpens) began
to operate on an international scale.
Salmon netpen culture was led by
growth in Norway and followed by
investments in Scotland, Japan, Chile,
Canada, and the United States.11
Although farm salmon accounted for
only 1 percent of global salmon output
in 1980, the technology for pen-raised
salmon was well developed in Norway,
setting the stage for rapid growth.

Between 1980 and 1987, salmon aquaculture production showed a thirteenfold increase worldwide.12 Production
expanded into new countries, including
Ireland, New Zealand, Australia, and the
Faroe Islands. By 1988, aquaculture
production dominated the fresh and
frozen salmon market in Europe, and
U.S. imports of farm salmon accelerated. Even in Japan, pen-raised salmon
and trout accounted for roughly 90 percent of fresh imports and 11 percent of
frozen imports by the end of the 1980s.13
By the early 1990s, it accounted for the
majority of world trade in salmon.14

Industry Consolidation
The salmon-farming industry has
thrived with the globalization of the
world economy. In particular, the industry has benefited from rapid expansion
in seafood trade; overnight transportation of fresh products around the world;
computerized information flows on fish
stocks and markets; strong market
demand for a homogenous, made-toorder product; and web-based businessto-business interactions.15 What has
emerged is an industry dominated by a
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also raise a variety of farm
fish, including trout, halibut, cod, turbot, bluefin
tuna,
sturgeon
(for
caviar), and sea bream.
The diversity of activities
and production locations
provides some buffering
for the enterprises when
certain segments of the
industry turn down.
In both British Columbia and Washington, the
salmon-farming industry
has become consolidated.
In 1989, there were 50 companies operating 135 farms in British Columbia.17
Bankruptcies and industry restructuring
since that time have forced many companies out of business.18 There are now
only 12 companies operating in the
province, and 5 companies own 100
of the 121 farms still in business (see
Figure 3 on page 24). Technological improvements and leasing arrangements
within the consolidated industry have
led to steady increases in production.
Even with the moratorium on new
licenses in place, farm salmon produc-
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half-dozen multinational firms that produce a diversity of aquaculture and agriculture products.16 The firms include
Nutreco (based in the Netherlands), Pan
Fish, Fjord Seafoods, and Cermaq
(based in Norway), Stolt-Nielsen (based
in Luxembourg), and George Weston
(based in Canada). Several other national and multinational companies operate
aquaculture facilities at smaller scales.
Unlike salmon fishing enterprises—
most of which consist of boats and permits owned by individuals who sell their
catch to processors or, in some cases, to
niche markets—the large salmon aquaculture enterprises consist of vertically
integrated feed, hatchery, grow-out
(where the smolts are raised to maturity),
distribution, and value-added processing
companies. Nutreco, for example, controls 40 percent of the world fish feed
market, and Cermaq also has large feed
shares. Fjord Seafoods and Pan Fish have
separate value-added processing and distribution facilities around the world. All
of the companies operate in several
countries (for example, Pan Fish owns
approximately 200 salmon-farming
licenses worldwide), and most of them

Salmon-fishing operations (above, top)
have found it difficult to compete with
salmon farms in the marketplace
(above), in part because the farming
industry can efficiently capture, process,
and distribute a virtually made-to-order
product on a year-round basis.
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Figure 2a. Current locations of salmon farms
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NOTE: Red lines represent the 3-mile state jurisdictional limit (U.S.) and the 200-mile Exclusive Economic Zone (EEZ) for both countries.
White dots indicate areas (in Puget Sound, Washington, and southern British Columbia) where salmon farms are currently located. Map
not to scale.
SOURCE: Data compiled by R. L. Naylor, J. Eagle, and W. L. Smith, 2003. Map based on a National Geographic Society projection, 1999.

tion more than doubled from an annual
harvest of 28,000 mt in 1996 to nearly
68,000 mt in 2001.19 In Washington, all
salmon aquaculture operations are
owned by Pan Fish and operated
through the Omega Salmon Group.
There are currently nine farms operating
in Washington with total production of
about 6,500 mt.20
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A Local Perspective

Salmon farms have considerable control
over the size and appearance of their
product. Feed additives can enhance the
color of the fish, for example.
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The strong presence of large, multinational companies in the industry is a
double-edged sword with respect to the
environment. On the one hand, the
industry has the capital resources to be
able to apply the best technology, infrastructure, and management to minimize
environmental impacts of production.
For example, many farms in British
Columbia and Washington now use
stronger netpen infrastructure and apply
better maintenance and monitoring to
reduce the escape of farm fish into the
wild. They also mandate improved feed
conversion ratios, which reduces financial costs and effluents. In Norway,

Nutreco and another feed company,
AKVAsmart, are launching a pilot project to address some of the feed, technology, and environmental problems
constraining the aquaculture industry. It
will be the first large-scale commercial
salmon farm to allow testing of feeds,
feeding practices, and technology under
real (versus experimental) conditions.21
On the other hand, large corporations
also have significant resources to put
toward influencing government regulation of the industry. There is evidence—
in the form of low compliance rates and
low fines—that the industry has used
these resources to its political advantage. A recent study of compliance conducted by the British Columbia Ministry of Agriculture, Food and Fisheries
(MAFF) reported that only one-third of
farms were in full compliance with the
site management plans they are
required by law to follow. Scores were
particularly low with respect to keeping
records of netpen maintenance (47 percent were in compliance), posting of
escape response measures (61 percent),
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Figure 2b. Potential future locations of salmon farms
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NOTE: Red lines represent the 3-mile state jurisdictional limit (U.S.) and the 200-mile EEZ for both countries. Red dots indicate where
governments and aquaculture producers might like to see farms sited in the future (in the U.S. EEZ and the northern coast of British
Columbia). White dots indicate where salmon farms are currently located. Map not to scale.
SOURCE: Data compiled by R. L. Naylor, J. Eagle, and W. L. Smith, 2003. Map based on a National Geographic Society projection, 1999.

and the use of predator nets to keep
marine mammals and other predators
from gaining access to fish and damaging nets (40 percent).22 A second study,
conducted by the British Columbia
Ministry of Water, Land and Air Protection, showed that more than one-half of
all farms illegally discharged footbath
waste into the marine environment.
(Footbaths are meant to prevent the
spread of fish diseases.) Only a third of
all farms were managing net-cleaning
waste in compliance with the provisions
of the Waste Management Act.23
Despite these low rates of compliance,
between 1999 and 2002, just 27 fines
were assessed for farms’ violations of
the British Columbia Fisheries Act and
aquaculture regulations. The average
fine assessed was only Can$295 (about
U.S.$200). The greatest fine was
Can$1,000, even though apparently
serious violations, including the escape
of thousands of fish, were cited. The
total amount of fines assessed during
this period—about Can$8,000—was
about 0.005 percent of the wholesale
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value of all salmon produced by the
British Columbia farming industry.24
In addition, large corporations in
British Columbia have some ability to
influence regulations indirectly through
the selection of aquaculture research
grants. The federal government in Canada has established “Centers of Excellence” for scientific research funding
related to aquaculture, and grantees
must establish a team representing
industry, government, and independent
science to obtain funds.25 Because
industry and government participation is
required for projects to move forward,
these groups have significant veto power
over the types of projects selected,
including projects related to the environmental impacts of salmon farming.
Many critics liken this funding source to
the earlier tobacco funding in the United
States for scientific research on health
effects of cigarette smoking.
The potential social effects of a consolidated industry are also mixed. The
multinational companies operating in
the region provide hundreds of local,

year-round jobs in the processing sector
and, to a lesser extent, in production and
transportation operations. The aggregate
number of jobs associated directly and
indirectly with the salmon aquaculture
industry in British Columbia is estimated to exceed 3,500, and the annual contribution of aquaculture to British
Columbia’s economy is projected to be
more than Can$600 million.26 These
jobs tend to be concentrated in areas
where there are hatcheries or processing
facilities (such as Port Hardy, Tofino,
and Campbell River). As salmon aquaculture expands into more remote areas
of British Columbia, providing employment for coastal communities, as advertised, will become challenging.
The communities themselves, particularly First Nations communities, are
divided in their acceptance of the aquaculture industry in British Columbia.27
The establishment of farms in First
Nations Territories along the coast in
British Columbia has created substantial
social tension between residents and the
industry. Many First Nations (such as
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Figure 3. Structure of the industry in British Columbia
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SOURCE: British Columbia Ministry of Agriculture, Food and Fisheries, Marine Salmon Farm Sites—June 2003, accessible via
http://www.agf.gov.bc.ca/fisheries/MFF_sites_Current.htm.

the Heiltsuk and Nuxalk Nations) are
becoming unified in their stance against
salmon farming due to mounting information and observations of ecological
risks. Most First Nations have not
signed treaties ceding rights to their traditional lands to private corporations,
and as a result, they can legally claim
compensation when salmon farms occupy their territories.28 Some aquaculture
companies have begun operations without consultation or compensation, however, which has caused public protests.29
A few First Nations, however, such as
the Kitasoo and Ahousaht Nations, are
not uniformly opposed to aquaculture
and welcome the employment that the
farms bring to their communities.
The industry’s ability to generate jobs
and augment incomes garners strong
political favor in British Columbia at a
time when the provincial government
faces major employment declines. Fishing employment declined under the Mifflin license buyback program,30 and the
logging industry has suffered following
increases in U.S. tariffs on imported
Canadian timber. Overall ownership and
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assets in the aquaculture industry are
still controlled mainly by foreign companies in both Washington and British
Columbia, however, and these companies have the power to divert financial
capital from the region or to stop operations if environmental regulations, labor
conditions, or trade becomes unfavorable. From a political perspective, meeting the demands of a small group of
aquaculture companies may be much
easier than trying to placate thousands
of independent fishers.

A New Era in the
Fishing Economy
Fishers in the Pacific Northwest and
Alaska now operate in a changed economic and political environment. Global
markets favor consistency and predictability of production,31 and salmon
farmers have far greater control over the
timing, consistency, and quantity of production than do fishers. The fishing
industry is limited to catching salmon
that are migrating back to spawning
rivers between June and September, and

these fish can only be caught during short
“opening” periods. The size of the runs
can vary greatly between seasons
depending on the life cycle of individual
salmon populations, climatic conditions,
and ecological factors such as food web
dynamics and disease.32 Millions of fish
of varied quality arrive on the docks of
processing plants in short periods of
time, and they must be processed as
quickly as possible (the “sell it or smell
it” doctrine) before the next load arrives.
As a result, the bulk of Alaskan salmon
are still canned despite the shrinking
market for canned fish. A smaller number
are headed, gutted, frozen, and then
shipped to distant plants for further processing into filets and steaks.
The aquaculture industry, on the other
hand, can produce a consistent quality
of salmon—specified to order by size
and cut—at any time during the year.
Each salmon farming company stocks a
calculated number of smolts in netpens
based on an estimate of market conditions two years hence when the fish will
be ready for market. Actual production
on any given farm may be affected by a
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number of factors such as disease,
storms, and marine mammal predation.33
However, operating farms in multiple
sites around the world tends to prevent
problems at individual sites from disrupting the even and predictable flow of
production worldwide.
Both the fishing and farming sectors
must now respond to an additional player in the global economy—large retail
operations. Like the aquaculture companies, the retail sector is also consolidating, with large enterprises buying up
smaller ones. Supermarket chains and
superdiscounters, such as Price Club,
Walmart, Costco, and Safeway, demand
aesthetically pleasing, easy-to-prepare,
repeatable products. Salmon farms can
deliver such products with precision, as
they can control product features such as
the weight and color of the fish.34 Like
most retailers, these supermarket chains
also prefer to establish the smallest possible number of contracts with fish processing companies to minimize transactions costs. As a result, large processing
companies that have traditionally
catered to Alaskan salmon fishers are
now under economic pressure to supply
both wild and farm seafood products to
major retail outlets. With diversification
into farm products, fishers face greater
competition, and their bargaining power
with processors is diminishing.35

sockeye fishery (the main fishery supplying the Japanese market for wildcaught salmon), ex-vessel values fell
from $450 million in 1992 to $85 million a decade later. Between 1990 and
2002, selling prices for limited-entry
salmon permits in Alaska—key assets
for salmon fishers—fell by 75–90 percent for some of the most lucrative fisheries. Fishers who might have bought
their permits for $275,000 in the early
1990s can now sell them for only
$20,000 to $30,000.37
The salmon-farming industry has also
been affected by price declines. For the
main farm species, Atlantic salmon
(Salmo salar), the price in 2002 was 61
percent below the peak in 1988. Several
salmon-farming companies have experienced lower profits, and in some cases,
net losses. Stolt Sea Farms, for example,
reported a financial loss from farming
operations of $1 million in 2001, corresponding with a 50 percent increase in
Chilean production of farm salmon

Many Alaskans depend on salmon fishing
for a living and are strongly affected by
changes in the salmon market. Those who
live in isolated areas, such as many
Native Americans, often have few other
sources of income.

Salmon prices in international markets have plummeted in recent decades,
hurting producers but benefiting consumers. As shown in Table 1 on page 26,
prices for Pacific wild-caught species in
2002 were 36–82 percent lower than
average prices for the period from 1984
to 1992. Peak salmon prices in 2002
were 54–92 percent lower than they
were in 1988. Many salmon fishers in
the region who bought their boats and
permits during the high-price years of
the late 1980s and early 1990s can no
longer afford to stay in operation and
pay off their debts. Total ex-vessel values in the Alaskan salmon-fishing industry fell from $600 million in 1992 to
$150 million in 2002.36 In the Alaskan
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A Drop in Salmon Prices
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Table 1. Change in ex-vessel prices for Alaskan salmon, 1984–2002
Species

Chinook

1988 ex-vessel
price per pound

2.69

1984–1992 average
ex-vessel price per pound

2002 ex-vessel
price per pound

1.93

Percent change in
price from 1984–1992
average to 2002
(and from 1988 to 2002)

1.23

-36 (-54)

Chum

.86

.45

.16

-64 (-81)

Coho

1.72

1.02

.37

-64 (-78)

Pink

.79

.34

.06

-82 (-92)

Sockeye

2.37

1.33

.55

-59 (-77)

Farm Atlantic

3.11

–

1.21

-61

NOTE: Ex-vessel prices are the prices fishermen receive at the dock.
SOURCE: Alaska Department of Fish and Game, Exvessel Price per Pound: Time Series by Species, 2002, accessible via
http://www.cf.adfg.state.ak.us/geninfo/finfish/salmon/CATCHVAL/BLUSHEET/84-02exvl.pdf.

between 2000 and 2001.38 Pan Fish has
operated at a loss for the past two years
and recently announced that it will be
cutting production in many of its facilities as well as selling its pelagic-species
subsidiary.39 Competition within the
aquaculture industry is intense, and with
depressed prices, corporate attention has
turned toward cost-cutting measures.

Adjustments in the Salmon Fisheries
The change in market conditions
raises a number of questions related to
capture fisheries. Have price declines
caused a reduction in wild catch? How
is the fishing sector adjusting to the
new economic environment? Is the

In Washington and British Columbia,
wild catch in 2002 was less than a third
of the 1986 level, falling from more than
120,000 mt to less than 40,000 mt (see
Figure 1). This decline is associated
mainly with low salmon runs caused
by logging, dams, urbanization, other
changes in wild salmon habitat, and
climate. In Alaska, a far more pristine
environment for salmon, wild catch
(including hatchery releases) remained
vir-tually unchanged over the same period, with average annual production of
324,000 mt. Hatchery releases accounted for up to 20 percent of Alaska’s salmon landings by weight during this time
and thus significantly added to overall

The smaller commercial fisheries in British
Columbia and Washington have been hard-hit by
declining prices and increased competition from
the aquaculture sector, but the overall economic
impact has not been nearly as great as it has
been in Alaska.
aquaculture industry taking pressure
off wild salmon populations and their
ecosystems by putting fishers out of
business? These questions are frequently debated, often without reference to
empirical evidence.
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supplies, particularly in the southeastern
part of the state. In addition, subsidies to
Alaskan salmon fisheries increased
sharply in the late 1990s. It is difficult to
quantify the exact impact of subsidies
on the fishing industry, but fishing effort

and landings would clearly be lower
without government aid.40
A significant share of the subsidies
flowing into the salmon fisheries in
recent years has been in the form of disaster relief.41 Alaska has been disproportionately affected by the recent economic changes because of the state’s heavy
dependence on commercial fishing.
Direct and indirect market activities
associated with salmon fishing provides
employment for 1 of every 10 working
Alaskans and produces annual income
to individuals of more than $1 billion.42
Moreover, revenues from commercial
salmon fishing essentially finance the
subsistence activities of residents (mainly Native American) in some regions,
such as the Yukon-Kuskokwim Delta.
Many of the Alaskans who have become
dependent on the salmon industry live in
isolated areas where other employment
opportunities are not readily available.
Personal interviews with Alaskan
salmon permit holders reveal a general
feeling of anxiety, but not hopelessness,
in response to changing market conditions (see the box on pages 28 and 29).
In addition to disaster relief, policy
discussions have focused on marketing,
and to a lesser extent, government purchases of salmon.43 Many people within
the salmon fisheries agree that the wild
salmon industry must distinguish its
product from the farm salmon product—
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Farms Create Ecological Risks
In salmon-farming areas of the Pacific
Northwest, fishers voice stronger concerns about the ecological risks of aquaculture than about the price impacts.
With the possibility of the industry moving northward to Prince Rupert, British
Columbia (see Figure 2b), fishers in
Southeast Alaska are also becoming
worried about the ecological threats of
farming. Should they be worried? Based
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on emerging evidence in the region—
and on the experience of every other
salmon-farming region in the world—
the answer is clearly “yes.”

Spread of Parasites and Diseases
Like many other salmon aquaculture
areas around the world, parasites and
diseases are a major constraint on production, and their transmission to wild
salmon poses risks to wild stocks. One
of the largest threats in the Northern
Hemisphere is sea lice (also referred to
as salmon lice, Lepeophtheirus salmonis), which can kill fish by essentially
eating their flesh. Sea lice are endemic
to the region but have low natural abundance and minimal host damage in the
wild; in fact, there is only one preaquaculture report of an epizootic spread
of sea lice in the wild.47 Due to the large
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in taste, nutritional value, and marketing
of a “wild” (and by association, healthy)
product. Much less political attention
has focused on the more controversial
idea of promoting policies that increase
efficiency within the fishing sector.44
There are more than 10,000 salmon
boats currently operating in Alaska,
each with permits to fish during limited
openings. The overall cost of maintaining the fleet, in addition to the cost of
government subsidies to support it, are
extremely high relative to the value of
total fish catch. The industry is in need
of legal restructuring aimed at reducing
costs and improving quality; allowing
new programs such as fishing cooperatives, quotas, permit buybacks, or even
fish traps and wheels,45 would slow the
pace of fishing and provide a mechanism to improve quality and competitiveness. One downside to increased
efficiency, however, is the loss of fishing
jobs and perhaps other jobs dependent
on heavy employment in the industry.
The much smaller commercial fisheries in British Columbia and Washington have also been hard-hit by declining
prices and increased competition from
the aquaculture sector, but the overall
economic impact has not been nearly as
great as it has been in Alaska. In British
Columbia and Washington, low fish
stocks and low prices have induced fishers to participate in vessel buyback programs. However, these programs were
initiated before the most dramatic price
declines associated with farm salmon
supplies.46 For those fishers remaining
in the industry, quality and niche marketing have become widespread goals.

number of farm hosts relative to wild
hosts, sea lice thrive with intense salmon
culture. Two barriers limit their natural
spread in wild salmon: the change in
habitat from fresh to salt water and back
again (sea lice generally only live in salt
water, and most of them fall off the
salmon when the salmon enter fresh
water) and the salmon’s homing behavior.48 Both of these barriers can be broken down when sea lice epizootics occur
on farms that are located in wild salmon
habitat or along salmon migration
routes. It is no surprise that sea lice
infestations in salmon netpen areas have
closely tracked the pattern of aquaculture development worldwide.49

A marine researcher holds a juvenile pink
salmon that fell victim to a sea lice
infestation in the Broughton Archipelago,
British Columbia. Pink salmon are
especially sensitive to such infestations.
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Survey of Salmon Fishers
Between November 2002 and May
2003, the authors conducted a survey of 94
salmon fishers who own limited-entry permits in Alaska and Puget Sound salmon
fisheries.1 The goals of the survey were to
understand how fishers currently view the
change in market conditions, how they are
responding to the change, and how they
view different policy options surrounding
salmon fisheries. Within the survey group,
most fishers (84 percent) felt that salmon
fisheries were currently in crisis, but only
one-third of those believed the crisis was
permanent. Virtually all of the respondents
(97 percent) plan to continue salmon fishing in the future.
While they might continue to fish,
almost two-thirds of the fishers interviewed now have additional employment
other than fishing. Those who have sought
other jobs reported that their fishing
income had dropped by about half. More
than half (56 percent) of the respondents
also engage in other fisheries, such as crab,
halibut, and herring. Thus while some
pressure might be taken off the salmon
resource, pressure might still be placed on
other fisheries, depending on the policies
in place.2
In ranking the problems afflicting
salmon fisheries, respondents gave the
highest weights to “low prices” and
“salmon farming” (see the figure below).

of their fish, but few have the desire or
business savvy to implement a marketing
strategy. Those taking on direct marketing
and custom processing are beginning to
learn the challenges and risks that processors have traditionally faced, such as insurance, shipping, up-front costs, and market
development. As shown in the figure on
page 29, views were mixed among salmon
permit holders on other policy options,
such as cooperative fishing programs, quotas, permit buyback programs, and disaster
relief programs.
The survey also revealed—not surprisingly—that fishers generally favor trade
restrictions on farm fish and labeling laws
that require the source of the fish to be
identified. They recognized that Alaska’s
remoteness contributes to high costs and
inconsistent quality. Transportation is
expensive and unreliable, making it difficult to market fresh, wild Alaskan salmon
or even frozen products. Given the impediment of transportation costs, most respondents felt that it will continue to be challenging to make Alaskan salmon
competitive with farm fish in the large
retail market.
There was a widely held notion among
respondents that aquaculture companies
are highly subsidized, thus allowing them
to still make a profit with low prices.5
Most fishers would like to see continued

Some fishers also recognized the role of
hatchery enhancement in lowering prices
for wild-caught salmon. Respondents
generally did not feel that state fisheries
management was a problem, particularly
in southeastern Alaska where the major
hatchery runs are located. Fisheries management in virtually all regions places a
priority on maintaining the largest runs
possible for commercial catch. The size
of salmon runs was not considered to be a
major problem for most respondents, with
the exception of those in the YukonKuskokwim Delta where runs of some
species, such as chum, have been
extremely low in recent years. Finally,
fishers did not see “overcapitalization”—
as defined by too many boats or too much
equipment on each boat to keep costs
down and profits up—as a significant
problem, even in Bristol Bay where such
conditions are notorious.3
When asked about policies that might
help improve the situation in the future, 86
percent of respondents favored the development of quality and marketing programs
to increase the chances that they might sell
their fish for higher prices.4 Despite the
attention to quality and niche markets for
wild-caught fish, however, only 29 percent
of respondents have tried direct marketing
of their catch in the past. Many respondents have contemplated direct marketing
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subsidies for fishing, much like the continued support that the agriculture sector
receives in the United States. Finally, and
perhaps most surprisingly, there was also
widespread acknowledgment that the aquaculture industry has opened the U.S. consumer market for salmon and, as a result,
that sales of wild-caught salmon are likely
to rise in the future.

1. Of the 94 fishers owning permits, 32 were from
Bristol Bay, 45 were from southeastern Alaska, 9

were from the Yukon-Kuskokwim Delta, 5 were from
other regions of Alaska (including Prince William
Sound), and 3 were from Puget Sound. Some of the
Alaskan permit holders in Alaska lived in Washington
during the winter but were identified with the region
of their permit. For further information about the survey or to see a sample questionnaire, contact the lead
author (R. L. Naylor).
2. For example, the halibut fishery is regulated by
individual fishing quotas (IFQs), so the total amount
of halibut caught will not change. The crab fishery is
regulated by limited entry and discussions are under
way to introduce IFQs.
3. Bristol Bay Economic Development Corporation, An Analysis of Options to Restructure the Bristol Bay Salmon Fishery, March 2003, accessible via

http://www.bbsalmon.com/FinalReport.pdf.
4. The Alaska Seafood Marketing Institute
(ASMI) was established in 1981 to address marketing concerns of the fishing industry. Fishers currently pay a 1 percent tax on their output to support
ASMI. There is no clear indication that ASMI has
been successful to date; therefore, most fishers
would like to see additional or improved programs
in place.
5. The irony of this view is that the salmon fishing industry is also highly subsidized. See J. Eagle,
R. Naylor, and W. Smith, “Why Farm Salmon Outcompete Fishery Salmon,” Marine Policy, Fall 2003
(forthcoming). Subsidizing two sides of a competitive market within one country may satisfy political
demands but is extremely wasteful economically.
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British Columbia is no exception. The
Broughton Archipelago (shown in Figure 4 on page 30), off the northeastern tip
of Vancouver Island, is home to one of
the most densely concentrated farm areas
in the world.50 Many of the farms are
sited near salmon-spawning rivers and
along Pacific salmon migration routes,
and thus act as “pathogen culture facilities.”51 Out-migrating salmonid juveniles
come into close proximity to the salmon
farms immediately upon entering saltwater, a time when they are most susceptible to sea lice infection due to their small
size and surface-swimming behavior.
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Pink salmon, the smallest of the wild
Pacific species, are particularly vulnerable. Despite earlier assurances from
industry officials that the lice would not
become a problem in British Columbia,
major sea lice infestations have occurred
in recent years. Unusually high numbers
of sea lice were found on out-migrating
pink salmon smolts in areas of high farm
concentrations in the spring of 2001.52
In the following summer of 2002,
returns of pink salmon to rivers in one of
these areas had dropped by 98–99 percent from 2000 levels.53 Although the
British Columbia Salmon Farmers Asso-

ciation has questioned the connection
between low salmon returns and sea
lice, the Pacific Fisheries Resource Conservation Council (PFRCC) has recommended fallowing (that is, keeping certain netpens vacant) and rigorous sea
lice control measures.54 Striving for
some compromise, the Ministry of Agriculture, Food and Fisheries (MAFF)
ordered the fallowing of less than half
the farms (11 of 27) in the Broughton
Archipelago in time for the out-migration
of pink salmon smolts in 2003. In its
Broughton Archipelago Action Plan,
MAFF chose 11 farms for fallowing be-
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Figure 4. Salmon farms and migration routes in the Broughton Archipelago, B.C.
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lieved to be a significant migration route
for juvenile pink salmon. Environmentalists claim that this effort is “too little
too late.” Time will tell.55
In addition to problems of sea lice,
salmon farmers face various bacterial
and viral diseases affecting fish health.
Bacterial diseases include bacterial kidney disease, vibriosis, and furunculosis.
Fish are commonly vaccinated in hatcheries for these diseases, and when outbreaks occur, antibiotics can be administered in the feed pellets. The most
serious viral disease problem in the
Pacific Northwest is Infectious Hematopoietic Necrosis (IHN), which most
strongly affects Atlantic and sockeye
salmon. The IHN virus is able to infect
many tissues of the fish, (including the
liver, spleen, and pancreas, although the
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target tissue is the blood-forming kidney,
hence the term “hematopoietic”), often
causing cell death (or “necrosis”) and
massive organ dysfunction, resulting in
fish death. IHN has caused serious losses to British Columbia salmon farmers in
recent years; between August 2001 and
May 2002, nineteen Atlantic salmon
farms in British Columbia were infected.56 An additional major outbreak
occurred later in 2002 in the Broughton
Archipelago, and more than a million
Atlantic salmon smolts were harvested
and destroyed in this case.57 While the
cause of this epizootic is not known, the
disease appears to be transmitted in both
directions between wild and farm
salmon. Several fish health policy initiatives have been implemented by the
provincial and federal governments in

Canada,58 and the industry has its own
financial stake in mitigating disease outbreaks. However, the financial costs calculated by the industry do not include
off-site impacts on wild salmon stocks
from disease (if it is passed from farm to
wild) or disease treatments.

Farm Fish Escapes
A more insidious ecological risk to
wild salmon comes from the escape of
farm fish from netpen facilities.59 Farm
fish are known to escape from pens in
all salmon aquaculture areas of the
world due to storms, marine mammal
predation, and human error. More than
one million Atlantic salmon were
reported to have escaped from farms in
Washington and British Columbia
between 1992 and 2002.60 These num-
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bers reflect mainly periodic, catastrophic escapes of thousands or tens of thousands of fish at one time. Both British
Columbia and Washington aquaculture
regulation mandate reporting of relatively large-scale escape events; however, even more salmon are suspected to
escape via chronic low-level leakage
from pens, and these escapes go largely
unacknowledged and unreported.61
Escapees are capable of establishing
and reproducing in the wild and competing with wild salmon populations for
food and spawning habitat.62 Atlantic
salmon have been found in more than
80 rivers in British Columbia, and naturally reproduced feral juvenile populations have been found in three locations.63 The abundant available habitat
that has resulted from logging- and
dam-related declines in native competitors in British Columbia provides juvenile feral Atlantic salmon with numerous potential establishment territories.
Escaped Atlantic salmon have been
caught by fishers throughout Alaska’s
southeastern region, and a few have been
caught as far north as the Bering Sea.
Many fishers and government officials in
Alaska are voicing concerns about the
potential effects that escapees from British
Columbia and Washington farms might
have on Alaska’s native salmon runs—
including competition for prey, space, and
mates; disease and parasite transmission;
and an eventual decline in native stocks.64
In Washington and British Columbia, producers are required to report large escapes
in a timely fashion (typically 24 hours)
and to maintain their netpens to prevent
escapes from occurring. To date, enforcement and fines have been minimal for violators, although British Columbia’s government has recently established a more
comprehensive Escape Prevention Initiative as a key feature of its Salmon Aquaculture Policy.65

Effects on Other Marine Life
In addition to the potential effects on
wild salmon from farm-related diseases,
parasites, and escaped farm fish, salmon
aquaculture has broader impacts on
other marine life at both the low and
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high ends of the food web. Farm salmon
rely on feed that is rich in fish oil and
fishmeal made from small pelagic fish,
such as anchovies, sardines, capelin,
and sandeels. Estimates in 2000 show
that upward of 2.4 kilograms of wild
fish processed into fishmeal and fish oil
were required on average to produce
one kilogram of farm salmon.66 While
not necessarily local in its impact, continued reliance on small, oily fish that
are low on the food chain for feed could
indirectly affect marine ecosystems
thousands of miles from fish farms if
stocks of these fish become depleted.67
At the higher end of the food chain,
marine mammals such as seals and sea
lions frequently prey on salmon netpens, and several thousand have been
shot by aquaculture producers in the
Pacific Northwest since 1990.68 In the
past, acoustic deterrent devices (ADDs)

Sound, an area widely used and enjoyed
by residents. Nutrient loading from aquaculture is much less than from agriculture, but it can be significant at the local
scale. A salmon farm of 200,000 fish
releases an amount of nitrogen, phosphorous, and fecal matter roughly equivalent
to the nutrient waste in the untreated
sewage from 20,000, 25,000, and 65,000
people, respectively.70 Many farms in the
Pacific Northwest contain four to five
times that number of fish. In 1997, 4 out
of about 12 salmon farms in Washington
discharged almost as many “total suspended solids” into Puget Sound as the
sewage treatment plant serving Seattle.71
Organic matter tends to accumulate
underneath salmon cage operations, creating a dead zone that might extend 100
to 500 feet in diameter beyond the
farms.72 A study of British Columbia
farms showed that large changes in sedi-

More than one million Atlantic salmon were reported
to have escaped from farms in Washington and British
Columbia between 1992 and 2002.

were used on farms in British Columbia
to prevent predation, but their general
ineffectiveness (seals and sea lions
became deaf but continued to prey on
netpens) and their effects on non-target
species (reductions in killer whale and
baleen whale populations were recorded in areas where ADDs were used)
caused this technology to be phased out
in the 1990s.69

Farm Effluents
Open salmon netpen operations release
untreated nutrients, harmful chemicals,
and pharmaceuticals into marine ecosystems, using “dilution as a solution” to
water quality problems. Because salmon
farms in British Columbia tend to be concentrated near the coast in confined
waters with large tidal currents (see Figure 4), surrounding areas are exposed to
salmon farm effluents. In Washington,
salmon farms are located within Puget

ment chemistry and in the benthic community occurred with relatively low
salmon stocking and feeding rates in the
early stages of production.73
Improved feeding efficiency—by distributing the feed more directly to the
fish and increasing feed uptake and
digestion by the fish—has helped to
reduce nutrient loading from individual
pens during the past decade. The environmental benefit of these reductions
may, however, be offset by future expansion of the industry. In addition, chemicals that are used on salmon farms (for
example, antibiotics, parasiticides, and
spawning hormones) may pose risks to
marine organisms.74 The use of therapeutic compounds (both pharmaceuticals and pesticides) can harm marine life
around the pens, and heavy metals in
sediments can damage marine life on the
floor beneath the farms. Some aquaculture scientists claim that effluents of
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therapeutic compounds, heavy metals,
and nutrients pose the highest environmental risks from salmon farming.75
However, while the effects of these
wastes can be measured, the potential
ecological risks of farm salmon escapes
and diseases appear to be just as large.76

Policy Options
in a Global Economy
Despite the obvious environmental
and economic impacts of salmon aquaculture, the United States, Canada, and
other salmon-farming countries have yet
to implement and enforce effective measures to protect coastal ecosystems and
communities. Five factors can explain
inadequate regulation of the industry:

cannot regulate aquaculture activities in
another First Nation’s territory.
• Finally, and perhaps most daunting,
government agencies may believe that
increased regulatory control will provide multinational aquaculture companies with an incentive to move their
facilities to another country with more
lenient controls. International movement
of funds and operations is common
within the salmon-farming industry;
however, biophysical constraints on production (the need for protected coastlines with cold water, for example) significantly curtail movement, as do
political considerations (a company may
decide not to put all its investments in
Chile, for example, if it is determined
that Norway is a “safer” place to invest).

The United States, Canada, and other
salmon-farming countries have yet to implement
and enforce effective measures to protect
coastal ecosystems and communities.

• Governments may value the economic contribution from farming, and
multinational aquaculture companies
may have significant influence over policy decisions governing coastal resource
use and environmental protection.
• The industry grew up too quickly to
be regulated effectively.
• Scientific uncertainty persists about
the ecological damages from farming
activities (for example, the long-run
impact of escaped farm salmon on wild
salmon populations), or regulatory uncertainty exists about the appropriate
tools to solve the problems at hand.
• Salmon-farming countries may be
split internally between those who do
and do not support aquaculture. These
divisions are reflected in intraagency
conflicts (for example, within NOAA
Fisheries and Fisheries and Oceans
Canada). Moreover, there are often territoriality issues involved; for example,
Alaska cannot impose regulation on
other jurisdictions, and one First Nation
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In this context, what strategies might
interested environmental groups,
recreational and commercial fishers,
coastal residents, and marine scientists
pursue in the Pacific Northwest, Alaska, and other salmon-producing areas
to minimize the potential harm caused
by aquaculture operations? Given the
obstacles outlined above, the most
obvious approach is to eliminate the
institutional and political economy
constraints that prevent nations from
adopting and enforcing appropriate
regulations. For example, a moratorium on salmon farming could be
enforced—as was done in British
Columbia from 1996 to 2002—to
allow environmental policy to catch up
with the rapid growth of the industry.
Alternatively, efforts could be made to
reduce scientific and regulatory uncertainty (for example, with the use of
risk assessment models), or to create a
single agency for regulating the fishing
and aquaculture industries jointly.

These strategies could be designed at
the national level.
Interested parties are limited at the
state level in addressing conflicts
between Alaska and Washington (for
example, over farm fish escapes), and
they are limited at the national level in
solving U.S.-Canadian policy conflicts.
However, two additional strategies are
plausible: the development of ecolabeling schemes to increase the price
of sustainably produced salmon and to
provide industry incentives for environmental protection; and the creation of an
international treaty with specific environmental and product quality mandates.

Regulatory Control
In the United States and Canada,
salmon aquaculture is regulated under a
number of federal, provincial, and state
laws. These regulations cover siting,
waste discharge, escape prevention and
recovery, endangered species protection,
chemical use, marine mammal protection, and health safety standards.77 Unfortunately, many of these laws and regulations were not specifically designed for
aquaculture, and some of the roles specific to aqualculture are fairly weak. In the
United States, for example, the Environmental Protection Agency (EPA) proposed effluent guidelines for aquaculture
under the Clean Water Act in 2002,78 but
the requirements for netpen systems are
essentially limited to feed monitoring and
best management practices (that is, the
best practices given the economic constraints of the industry). Concerns that
tougher effluent controls will severely
weaken international competitiveness
appear to be unfounded. EPA estimates
that salmon netpen systems would incur
compliance costs of less than 3 percent of
revenues for even the most stringent
effluent control options being considered
under the revised Clean Water Act and
that the proposed regulations would have
little, if any, impact on foreign trade.79
Nonetheless, aquaculture companies in
both the United States and Canada complain of excessive regulatory burdens,
which raises the question of voluntary
regulations.80 Should a carrot be granted
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to companies who adopt environmentally
sound practices (for example, in the form
of subsidies for improved technology) as
opposed to a stick for those that violate
regulations? Voluntary regulations can
be more flexible than command and control regulations; for example, firms can
define and comply with their own specific performance-based standards, and different policy approaches (such as technical assistance, subsidies, and pollution
permits) can be adopted to fit the needs of
regulated firms.81 In addition, technology
upgrades (see the box on this page) from
voluntary programs can lead to environmental improvements for companies in
the short run, providing positive publicity. In the long run, the upgrades could
also decrease companies’ political resistance to more strict regulations. However,
providing aquaculture firms with subsidies to improve technology is bound to
create further tension between the fishing
and farming industries.
The question remains as to whether
voluntary efforts will solve or significantly reduce the environmental prob-

lems at hand. The new Aquaculture
Waste Control Regulation implemented
recently in British Columbia includes
performance-based standards, but the
potential effectiveness of these standards has been challenged within the
scientific community.82 Based on experience with voluntary approaches for
other industries in industrialized and
developing countries, success stories
and failures both prevail.83 The most
progressive companies are likely to benefit from voluntary regulations and technology subsidies, but the environmental
performance of the worst offenders is
unlikely to improve under such a
scheme. The choice of policy approach
is especially important when irreversible
environmental damages are at stake,
for example, when farm salmon escapes lead to colonization in endangered salmon habitat.

Consumer Governance
Salmon aquaculture companies are
more likely to accept environmental regulations—either mandatory or volun-

Examples of Technical Solutions
A variety of technical approaches
are available to reduce environmental
damages from salmon aquaculture
given the appropriate economic and
regulatory incentives.
The most environmentally sound
approach is to isolate aquaculture
facilities from the natural environment
with closed-system containment technologies. Land-based systems, which
consist of large cement or fiberglass
fish tanks, eliminate the possibility of
predation by marine mammals, fish
escapes, and disease transmission; in
addition, they allow for the treatment
of farm effluents. Closed-wall sea pens,
which consist of impermeable plastic
bags fixed near the shore, also isolate
farm stock from the external environment. Performance trials with both
land-based cement tanks and ocean
“bag” systems are being conducted in
British Columbia,1 but the economic
viability of these systems remains in
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question, particularly with low market
prices for salmon.
Other technological options include
vaccines that reduce the incidence of
cultured fish disease, improved feed
technologies that reduce waste and
wild fish inputs, and sterilization techniques that minimize the ecological
and genetic risks of farm fish escapes.2
1. In September 2000, the British Columbia
Ministry of Agriculture, Food and Fisheries, in
conjunction with the Ministry of Water, Land
and Air Protection and B.C. Assets, approved
a set of experimental technology farm sites. See
http://www.agf.gov.bc.ca/fisheries/technology/
new_tech.htm.
2. See R. J. Goldburg, M. S. Elliott, and R. L.
Naylor, Marine Aquaculture in the United States:
Environmental Impacts and Policy Options
(Arlington, Va.: Pew Oceans Commission, 2001),
accessible via http://www.pewoceans.org/reports/
137PEWAquacultureF.pdf; and R. L. Naylor et al.,
Fugitive Salmon: A Framework for Assessing
Risks of Escaped Fish from Aquaculture, (Stanford
University: Center for Environmental Science and
Policy (forthcoming)).

tary—if their products can be labeled to
reflect environmentally sound practices
and sold at a premium to consumers
who are environmentally conscious.
Salmon fisheries producers also support
the labeling of their product as “wild
caught” to distinguish it in quality and
origin from farm salmon. For ecolabeling to be effective, it must provide
financial incentives to companies and
individuals to produce a more sustainable product. Only then will resistance
to more stringent environmental standards be reduced. However, a number of
implementation issues arise with labeling schemes. Who will run the labeling
program? Who will pay for it? What
standards will be enforced?
In the case of salmon, both aquaculture and wild fishery producers have
explored the possibilities of organic,
wild-versus-farm, and sustainable labeling schemes.84 The “sustainable” label is
the most advanced of the three options
to date; this label has been used in
marine fisheries since 1997 with Marine
Stewardship Council (MSC) certification.85 Issues surrounding labeling
remain highly contentious, however,
even for MSC, which essentially grants
certification when fish runs are robust
and/or fishery management is sound.
Two controversial MSC certifications
are now being reviewed: the Alaskan
pollock fishery (the largest industrial
fishery in the world) and British Columbia’s wild-caught salmon fishery (wild
fish runs are historically low due to a
host of habitat damages, but fishery
management is sound). The Alaskan
salmon fishery was MSC-certified in
2000, but the certification report did not
discuss ecosystem impacts of hatcheries
and biomass removal or water pollution
from processing plants.86
Setting the bar on labeling for farm
or wild salmon is a difficult issue. If the
bar is set too high, covering the full
range of sustainability criteria, then the
program could fail from an absence of
participation. If the bar is set too low,
the program could become meaningless
in terms of its initial objective. As
aquaculture companies vie for certifi-
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cation under sustainable and organic
labeling schemes, the controversy between environmentalists and the industry will almost surely escalate. Labeling
may be the quickest and most efficient
means, however, of inducing firms to
pursue voluntary controls that go
beyond existing command-and-control
regulations—as long as price premiums
for environmentally sound products
result. To address the current environmental, economic, and social impacts of
salmon aquaculture, labeling schemes
for both aquaculture and fisheries will
need to be consistent and streamlined so
that consumers receive a clear and consistent message.
The success of labeling approaches
will depend on the outcome of ongoing
international trade negotiations, most
notably the U.S.-Chile Free Trade
Agreement and the Doha Round of the
World Trade Organization (WTO).87
Current WTO language permits trade
protection on the basis of product quality (for example, food products containing residues of a chemical banned
in the importing country) but not on
the process of production. Labeling
schemes remain controversial in trade
discussions, especially when exporters
perceive labeling by importers as a
trade barrier that relates to the process
of production. The debate persists within WTO as to whether labels (for
instance, labels identifying fish as wild
versus farmed) are deemed “unfair and
discriminatory.” As part of the current
Doha Development Agenda, WTO is
identifying existing non-tariff barriers
that have significant effects on trade,
and it is possible that eco-labeling
schemes, including MSC, will be challenged if the volume of trade affected is
deemed sufficiently large.88 The WTO
Commission on Trade and Environment
is soon expected to make recommendations about changes to eco-labeling
rules.89 Within the U.S.-Chile Free
Trade Agreement, similar issues persist.
Given that farm salmon filets are one
of Chile’s main exports to the United
States,90 it is likely that Chile will seek
to ban or severely limit labeling
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schemes on salmon as trade negotiations move forward.

International Governance
An international agreement among
aquaculture-producing countries is another option to “level the playing field” and
promote environmentally sound practices.
If successful, an international agreement
could provide stronger environmental

ment contained measures on effluent
control, siting, escape prevention, and
other environmental criteria. However, a
monitoring study conducted by the
Atlantic Salmon Federation and the
World Wildlife Fund found that virtually no progress has yet been made in
achieving the goals of the Oslo Resolution.92 As an intermediate step to a formal treaty, the government signatories

Salmon aquaculture companies are more likely to
accept environmental regulations if their products
can be labeled to reflect environmentally sound
practices and sold at a premium.
protection than international labeling
schemes. Treaties are implemented by
national laws, and they generally avoid
trade issues within WTO because they are
multilateral. With the participation of six
key countries—Norway, Chile, the United
States, Canada, the United Kingdom, and
Japan—more than 90 percent of current
farm salmon production would be represented. There are many challenges, however, in creating an international treaty.
How will the process get started? Who
will lead it? Are there enough interested
countries, or will individual countries
resist a treaty for the same reasons that
they permit lenient or weakly enforced
regulations at home? How should the
rules be defined? And most important,
how long will the process take? Given that
the formation of treaties typically entails
years of organization before serious multilateral discussions even begin, it is possible that environmental damage from
salmon farms will occur long before any
agreement is reached.
As a start, voluntary international
agreements currently exist on the conduct of salmon farming. In 1994, seven
member countries of the North Atlantic
Salmon Conservation Organization
(NASCO), which produce about twothirds of the world’s farm salmon,
signed an agreement in Oslo (known as
the “Oslo Resolution”).91 This agree-

of the agreement could agree to a series
of coordinated steps to strengthen monitoring, enforcement, and responsibility
by the multinational companies operating in their countries. It is possible that
the consolidated nature of the aquaculture industry could speed this process.
As happened in the development of the
Montreal Protocol on stratospheric
ozone, it is conceivable that industry
could even take the lead.
No one can predict the future of governance, but it seems clear that the number of aquaculture sites for salmon and
other marine species will continue to
expand globally.93 The optimal approach
for preventing environmental and negative social impacts from such activities
at the local, national, and global scales
would be to have a strong international
treaty among aquaculture-producing
countries based on stringent regulatory
measures on environmental damage and
siting within countries. The feasibility of
this approach remains questionable,
however, especially in the short run.
Given that the salmon aquaculture
industry is more restricted biophysically
in its movement across countries than,
for example, the apparel industry or
even the shrimp-farming industry, tightening the terms and enforcement of regulations within a smaller group of countries in line with the Oslo Resolution
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van Vliet and M. Katan, “Lower Ratio of n-3 to n-6
Fatty Acids in Cultured than in Wild Fish,” American
Journal of Clinical Nutrition 51 (1990): 1–2. Limited
tests have also shown that farm salmon contain more
dangerous chemical substances than fish that feed in
the wild. See M. Easton, D. Luszniak, and E. Von der
Geest, “Preliminary Investigation of Contaminant
Loadings in Farmed Salmon, Wild Salmon, and Commercial Salmon Feed,” Chemosphere 46, no. 7 (2002):
1053–74; and M. Jacobs, A. Covaci, and P. Schepens,
“Investigation of Selected Persistent Organic Pollutants in Farmed Atlantic Salmon (Salmo salar),
Salmon Aquaculture Feed, and Fish Oil Components
of the Feed,” Environmental Science and Technology
36, no. 13 (2002): 2797–805. Substantial research on
these issues is ongoing.

NOTES
1. Food and Agricultural Organization of the United
Nations (FAO), Fishery Statistical Databases, Aquaculture Production: Quantities 1950–2001, accessible via
http://www.fao.org/fi/statist/FISOFT/FISHPLUS.asp.
2. FAO, Fishery Statistical Databases, Total Production 1950–2001, accessible via http://www.fao.org/
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might be a useful first step. Labeling
schemes are also likely to be successful
in the near term, and it is important that
the credibility of eco-labeling programs
is maintained as international trade
negotiations pro-gress. Unless some
actions are taken internationally, local
communities and ecosystems will
remain at high risk from the expansion
of the global aquaculture industry.

Without some form of international action, local ecosystems—and the communities that
depend on them—may be at risk from a number of problems associated with the
expansion of the aquaculture industry.
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