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round half of the fish that the world eats for dinner comes from fish farms.

Aquaculture is promoted as a sustainable way to meet rising consumer demand
for seafood. But fish farming relies on small, wild fish to feed farmed fish, pollutes the
waters around it with wastes and chemicals and threatens wild fish biodiversity through
escapes and disease transmission.

The magnitude of these effects is poorly understood. The Esca pes From Fish Farms
aquaculture industry has expanded rapidly in the last several
decades, producing 59.9 million metric tons of fish in 2010. But
few countries require mandatory reporting and public release of
aquaculture statistics. For example, China was responsible for
61.4 percent of world aquaculture in 2010, and Asia as a whole

produced 89 percent, but aside from production totals, very

little information is available about the fish farming industry in ~ Major escape events are common in the aquaculture industry
these countries. (see box for several recent examples), and these disasters can

release hundreds of thousands of fish into the open ocean. In
the few countries that require mandatory reporting of escapes,
the numbers for total escapes are staggering. A review of

Escapes are an inevitable part of fish farming. Aquaculture
facilities are vulnerable to extreme weather events such as
major storms, cyclones and hurricanes,® as well as to damage
caused by marine predators like sharks,’ and to equipment
failures."

In this issue brief, we analyze available data on fish farm es-
capes and disease outbreaks to build a picture of the costs of
aquaculture.
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salmon escapes suggests that up to 2 million Atlantic salmon
escape from farms around the North Atlantic each year, which
is equal to half the wild salmon in the region." In Norway, 3.93
million Atlantic salmon, 0.98 million rainbow trout and 1.05 mil-
lion Atlantic cod were reported to have escaped over the nine
years from 2001 to 2009."

Food & Water Watch analyzed production and escapes data

from four major aquaculture regions where comprehensive

reporting on aquaculture escapes is mandatory and publicly re-
leased: British Columbia,” Norway,” Scotland® and Australia.”!

(See Figure 1.) The data show that escapes, on average, have
tended to increase, although fewer catastrophic escapes have

occurred in the studied countries as of late.
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Major Fish Farm Escapes

* In April 2007, a violent earthquake hit an
aquaculture region in southern Chile, and as
many as 5 million fish may have escaped.”

* From late December 2008 through early Jan-
uary 2009, a series of massive escapes oc
curred in Chile, totaling more than 700,000
salmon and trout from various farms, and
prompting the leader of the Chilean Senate’s
Environmental Committee to proclaim the
incidents an “environmental disaster.”™

* In October 2009, a Canadian newspaper
reported that 40,000 fully grown Atlantic
salmon had escaped from a net-pen facility
in British Columbia when a machine remov-
ing dead fish from the bottom of the pen
broke a hole in the net. The company report-
edly recovered less than 3 percent of the
escaped fish at the time the article was writ-
ten, although efforts to recover the fish were
ongoing."”

* In October 2010, 70,000 harvest-ready
salmon escaped from a farm in Norway,
resulting in a loss to the company of at least
$600,000. Only months earlier, fish at the
same location had suffered from an out-
break of pancreatic disease, resulting in high
levels of mortality.'®

* In December 2011, 11 cages were destroyed
in a strong storm in Scotland, releasing
300,000 farmed salmon into the Atlantic.””

~




The reported data on escapes underestimates the number of fish
that actually do escape from aquaculture facilities, although to
what degree is unclear. British Columbia’s Environment Assess-
ment Office clarified that the available escapes data is only a
minimum number of escapes, as fish farmers typically report
only large escapes. They concluded that chronic “leakage” of
fish from net pens is not reported and, if assessed, could double
the number of total escapes.” A study of Chile’s farmed salmon
industry suggested that 1 to 2 percent of farmed fish could
escape.”

A more recent study out of Norway suggested that only 12 to
29 percent of the actual number of escaped farmed salmon

are reported.? This would mean that, between 2001 and 2009,
instead of 3.93 million Atlantic salmon escaping, somewhere be-
tween 13.55 and 32.75 million salmon would have escaped. Size
variability in catches of escaped farmed fish in Norway also
support the idea that these fish continually escape in small but
constant numbers at all stages of production, including smolt
and pre-smolt cultivation.?

Spawning activities of farmed fish are another form of fish
“escape.” Researchers suggest that entire cages full of mature
farmed cod could spawn before being harvested.? Experiments
have furthermore found evidence that the released eggs can
successfully develop in wild environments. One experiment in
Norway found that after a successful cod spawning event in

a small aquaculture facility, 20 to 25 percent of the cod larvae
captured in the environment around the facility were offspring
of the farm-raised cod.” In the following years, 4 to 6 percent of
the cod captured in the area around the farm could be linked to
those same farmed cod.?®

E. Peter Steenstra/USFWS

The National Oceanic and Atmospheric Administration
(NOAA), the agency responsible for managing U.S. fisheries
and regulating aquaculture, wants to greatly increase aqua-
culture in the United States, with a goal of reaching 1.1 million
metric tons of marine finfish production in 2025.% Using a 1
percent escape rate, we roughly estimate that as many as 2.5
million fish could escape annually at that level of production.®

Figure 1: Increase in Aquaculture Production and Escapes
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DATA SOURCE: Comparison of aggregate production and aggregate escapes from aquaculture facilities in British Columbia (1987-2009), Norway (1993~
2010), Scotland (2002-2011) and Australia (2001-2011). The escapes trendline is a seven-year average (each point represents the average of that year plus
the preceding six years) to control for the impact of extreme weather events triggering massive escapes.

3



Disease outbreaks in fish farms

Disease outbreaks are another unavoidable consequence of fish
farming.®' In recent years, disease outbreaks have caused partial
or sometimes total loss of production in Chile’s farmed Atlantic
salmon, oysters in Europe and marine shrimp in Asia, South
America and Africa.* In 2011, disease outbreaks “virtually wiped
out marine shrimp farming production in Mozambique.”

A study on the global impact of white spot syndrome virus to
shrimp farms found that as the virus spread across the globe in
the 1990s, it became increasingly severe and has spread even to
wild marine populations in Europe.** Similarly, the devastating
Infectious Salmon Anemia (ISA) virus that hit Chile’s salmon
farms in 2007 likely entered the industry via diseased salmon
eggs imported from Norway in 1996, which suggests that the
virus probably persisted in the wild environment for more than
a decade before beginning to affect Chile’s industry.*

Diseases in fish farms can spread rapidly among fish grown in
close captivity, which can result in spreading infection to wild
populations.’® For example, sea lice, a parasite that feeds on
marine fish, is a common pathogen that spreads between aqua-
culture facilities and wild populations. In Canada, net pens for
salmon are often situated on migration routes of wild salmon,
and increased exposure to sea lice from these pens correlates to
decreased survival rates for wild salmon.”’

The Canadian government established an investigative Com-
mission of Inquiry (the “Cohen Commission”) to review the de-
cline of the wild sockeye salmon in Canada’s Fraser River, and
the Commissioner concluded that “net-pen salmon farming...
poses a risk of serious harm to Fraser River sockeye through the
transfer of diseases and pathogens.”* He further recommended
that, if by 2020, regulators “cannot confidently say that the risk
of serious harm is minimal, they should prohibit all net-pen
farms” in the area.*

A 2012 study found that 39 percent of adult wild salmon in

the Northeast Atlantic are killed by parasite infections, and
suggested that a large source of these sea lice are aquacul-
ture facilities.*® The large mortality rate found by this study is
concerning and also represents a real threat to conservation
efforts and the genetic diversity of wild salmon stocks.” A lead
researcher on the study warned that the industry “needs to
minimize the risk of cross-infection of wild fish.”

Food & Water Watch analysis of disease outbreaks data from
Norway shows that the number of disease events has typically
increased each year.” (See Figure 2.) In 2002, the number of
disease outbreaks spiked by 456 percent to more than 200 total
outbreaks, and every year since then there have been more
than 200 disease outbreaks in Norwegian aquaculture facilities.

Some fish farming diseases have no treatment other than
isolating and culling all of the infected fish. Others are treated

Figure 2: Yearly Percentage Increase in Farm-Raised Salmon Prodution vs.

Disease Outbreaks in Norway
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DATA SOURCE: Comparison of yearly percentage increase in Norway's aquaculture production to yearly percentage increase of disease outbreaks.



with vaccinations or combinations of chemicals and antibiotics
that are either given regularly to the fish in their feed or doused
as “baths” over infected fish.** Many of these chemicals are not
approved for use in the United States because of their health
risks to consumers, but fish treated with these drugs still make
it into the U.S. market because of the nation’s low rates of
inspection.®

One study found that the use of antimicrobials on fish farms can
lead to the development of drug-resistant genes in fish pathogens
— genes that could be transferred to bacteria that infect humans.
This could make human illnesses more difficult to treat.*

Risk to wild fish

Escaped fish are a risk to the marine environment. A review of
23 peer-reviewed studies concluded that hatchery-raised fish
can harm wild fish through competition for food and habitat,
harming the genetic diversity of wild populations and caus-
ing wild population declines.” Farmed fish, even before they
escape, can spread disease to wild populations.*

Competition between escaped farmed fish and wild fish “can
be significant” whether they are of the same species or not.*
In many cases, farmed fish may be invasive species in the area:
for example, self-sustained, non-native populations of salmon
that originated as escapes from fish farms are now targets for
recreational fishers in Chile and Argentina.*

In the United States, the Atlantic salmon that are native to
the Gulf of Maine region and its river tributaries are listed as
endangered under the Endangered Species Act, and the most
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Is all aquaculture bad?

No. Some forms of aquaculture, like most
shellfish aquaculture and land-based closed
loop recirculating aquaculture, are not
plagued with these problems. If we're seri-
ous about protecting the environment and
providing excellent products to consum-
ers, those are the types of aquaculture that
should be pursued.
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recent status assessment estimated the likelihood of extinc-
tion from 19 to 75 percent in the next 100 years.”' In that same
region, one review of farmed salmon suggests that, “juvenile
farmed salmon are chronically escaping into the wild from
hatchery sites.”

A recent study to determine the causes of the long-term decline
of the sockeye salmon in Canada’s Fraser River indicated that

a combination of increased competition with pink salmon and
contact with aquaculture facilities best predicted the observed
population decline.” The low returns of sockeye have put “enor-
mous pressure on aboriginal and commercial fishing communi-
ties that depend on these fish for food, social, and ceremonial
purposes, as well as their livelihoods.”*

Farmed fish have lower initial genetic diversity than wild fish,
and interbreeding between escaped farmed fish and wild fish
have resulted in less-fit offspring and a reduction in specialized
genetic traits.”® NOAA acknowledges a large number of genetic,
ecological, health and behavioral risks from hatchery fish used
to restock diminished wild populations.>

An accident waiting to happen

After 30 years of growth, the aquaculture industry is still beset
with major escapes and disease outbreaks. New technologies
and drugs may make inroads into preventing some of these
occurrences, but there is no evidence to believe they will ever
be fully preventable. With extreme weather events becoming
more frequent due to climate change,” storm-related damage
to aquaculture facilities is likely to increase. And with countries
heavily promoting the large-scale industrial model of fish farm-
ing, there will be more and more farms to act as reservoirs for
disease.

Aquaculture is increasing worldwide, but our understanding of
its broad effects is lagging behind. For instance, the Food and
Agriculture Organization of the United Nations regularly re-
ports on worldwide aquaculture production, but not on world-
wide fish farm escapes and disease outbreaks.’® The ocean is a
shared resource, and we will all share in the costs of this dirty
and damaging industry.



Endnotes

1

0 K NN W

20

21

22

23
24
25
26
27

Food and Agriculture Organization of the United Nations. FAO Fisheries and Aqua-
culture Department. “The state of world fisheries and aquaculture 2012.” 2012 at 86.
Fish is used broadly to represent finfishes, crustaceans, mollusks, amphibians, aquatic
reptiles and other aquatic animals.

U.S. National Oceanic and Atmospheric Administration (NOAA). “Marine aquaculture
policy.” June 2011 at 1 and 4.

FAO. 2012 at 176 to 178; Upton, Harold and Eugene Buck. “Open Ocean Aquaculture.”
Congressional Research Service. August 9, 2010 at 11 to 12; Naylor, Rosamond and
Burke, Marshall. “Aquaculture and Ocean Resources: Raising tigers of the sea.” Annual
Review of Environmental Resources, vol. 31. 2005 at 194 to 200.

Alston, Dallas E. et al. “Environmental and Social Impacts of Sustainable Offshore
Cage Culture Production in Puerto Rican Waters.” Final Report Submitted for NOAA
Federal Contract Number: NA16RG1611. April 2004 at 12 to 14; Upton and Buck. 2010
at 10.

Upton and Buck. 2010 at 12; Naylor and Burke. 2005 at 202 to 205.

FAO. 2012 at 25.

Ibid. at 26.

Ibid. at 115

Benetti, Daniel D. et al. “Growth rates of cobia (Rachycentron canadum) cultured in
open ocean submerged cages in the Caribbean.” Aquaculture, vol. 302. 2010 at 195 to
201.

Bridger, C.J. and Garber, A. “Aquaculture escapement, implications, and mitigation: the
salmonid case study.” In Ecological Aquaculture: The Evolution of the Blue Revolution.
Costa-Pierce, B.A., ed. 2002 at 77; Jensen, @ et al. “Escapes of fishes from Norwegian
sea-cage aquaculture: causes, consequences and methods to prevent escape.” Aquacul-
ture Environment Interactions, vol. 1. 2009 at 74.

Thorstad, Eva B. et al. “Incidence and impacts of escaped farmed Atlantic salmon on
Salmo salar in nature.” Report from the Technical Working Group on Escapes of the
Salmon Aquaculture Dialogue. January 2008 at 16.

Jensen et al. 2009 at 71.

Thorstad. 2008 at 26 to 28.

Witte, Benjamin. “Thousands of salmon and trout escape in southern Chile.” The
Patagonia Times, January 19, 2009.

Lavoie, Judith. “40,000 fish escape farm.” The Times Colonist, October 24, 2009.
Grindheim, Joar. “Costly salmon escape.” IntraFish Media, October 15, 2010.

Jolly, David. “Runaway Salmon Stir Conservation Worries.” The New York Times. Green
Blog. January 25, 2012.

Escapes from: British Columbia Ministry of Agriculture and Lands. “Escape statistics.”
December 2010. Production from: British Columbia Ministry of Fisheries. “British
Columbia Seafood Industry Year in Review.” 1998 at 2, 2001 at 3, 2004 at 2, 2007 at 3,
and 2009 at 1.

Escapes from: Statistics Norway. “Statistical Yearbook of Norway.” 2012 at 320. Pro-
duction from: Directorate of Fisheries. “Sale of slaughtered fish by country. Weight in
metric ton round weight.” Available at http://www.fiskeridir.no/statistikk/akvakultur/
statistikk-for-akvakultur/laks-regnbueoerret-og-oerret. Accessed June 28, 2012.
Escapes from: The Scottish Government. “Confirmed reported escapes from fish farms
in Scotland. Yearly data from 2002-2012.” Available at http://www.scotland.gov.uk/
Topics/marine/Fish-Shellfish/18364/18692/escapeStatistics. Accessed November 2012.
Production from: Marine Science Scotland. “Scottish fish farm production survey 2010
report.” 2010 at 4, 23 and 36.

Escapes from: Government of South Australia. “Primary Industries and Regions South
Australia. Finfish escape register.” Database. Available at http://www.pir.sa.gov.au/
aquaculture/monitoring__and__assessment/register_-_finfish_escape. Accessed
November 2012. Production from: Econsearch for PIRSA Fisheries and Aquaculture.
“The Economic Impact of Aquaculture on the South Australian State and Regional
Economies, 2009/10 and 2007/08.” June 17, 2011 at 6 and May 28, 2009 at 6.

British Columbia Environmental Assessment Office. “The salmon aquaculture review
final report. Chapter 5, Escaped farmed salmon.” August 1997.

Thorstad et al. 2008 at 26.

Ibid. at 20.

Ibid. at 20.

Jensen et al. 2009 at 78.

Jorstad, Knut E. ““Escapes’ of eggs from farmed cod spawning in net pens: Recruitment
to wild stocks.” Reviews in Fisheries Science, vol. 16. 2008 at 285 and 293.

28
29

30

31
32
33
34

35

36
37

39
40

41

42

43

44

45

46

47
48
49
50
51

52

53

54

55

56

57
58

Jensen et al. 2009 at 78.

NOAA, U.S. Department of Commerce. “NOAA 10-Year Plan for Marine Aquaculture.”
October 2007 at 12.

For this rough estimation, we assume that all fish are salmon and use a standard adult
harvest weight of 4.5 kilograms per fish. 1.1 million metric tons of fish is 1.1 billion
kilograms of fish, or (divide by 4.5 kg) approximately 250 million fish. With an escape
rate of 1% (multiply by 0.01) we estimate that 2.5 million fish could escape. For harvest
weight: Canadian Aquaculture Industry Alliance. “Your quick guide to Canadian
farmed salmon.” Undated at 5. Harvest weight is given as 10 pounds, which is 4.5
kilograms.

Asche, Frank et al. “The salmon disease crisis in Chile.” Marine Resource Economics, vol.
24.2010 at 406.

FAO. 2012 at 9.

Ibid. at 9.

“Global advance of shrimp virus follows evolutionary biology predictions.” Science
Daily. November 2, 2010.

Kibenge, Frederick S.B. et al. “Infectious salmon anaemia virus (ISAV) isolated from the
ISA disease outbreaks in Chile diverged from ISAV isolates from Norway around 1996
and was disseminated around 2005, based on surface glycoprotein gene sequences.”
Virology Journal, vol. 6, iss. 88. June 2009 at 9 to 10.

Upton and Buck. 2010 at 12 to 13; Naylor and Burke. 2005 at 203.

Krkosek, M. et al. “Effects of parasites from salmon farms on wild salmon popula-
tions.” Proceedings of the National Academy of Sciences, vol. 108, iss. 35. 2011 at 5.
Cohen, Bruce I. Commissioner. “The uncertain future of the Fraser River Sockeye.”
Commission of Inquiry into the Decline of the Sockeye Salmon in the Fraser River
(Canada). Final Report, Vol. 3 - Recommendations, Summary, and Process. October
2012 at 25.

Ibid. at 25.

Krkosek, Martin et al. “Impact of parasites on salmon recruitment in the Northeast
Atlantic Ocean.” Proceedings of the Royal Society B. Advance publication online. No-
vember 7, 2012 at 5.

Ibid. at 6.

Horton, Julia. “Flesh-eating lice spread by fish farms kill 39 percent of wild salmon.”
Scotsman.com (website of The Scotsman (U.K.)). November 6, 2012.

Borno, Geir and Sviland, Cecilie (Eds.). Norwegian Veterinary Institute. “The health
situation in farmed salmonids 2010.” In: “The health situation in Norwegian aquacul-
ture 2010.” 2010 at 5.

Asche et al. 2010 at 406; Toranzo, Alicia E. et al. “A review of the main bacterial fish
disease in mariculture systems.” Aquaculture, vol. 246. 2005 at 37 to 61; Johnson,
Stewart C. et al. “A review of the impact of parasitic copepods on marine aquaculture.”
Zoological Studies, vol. 43, iss. 2. 2004. Naylor and Burke. 2005 at 204.

von Eschenbach, Andrew C. U.S. Food and Drug Administration. “Enhanced aquacul-
ture and seafood inspection — Report to Congress.” November 20, 2008 at 5 to 6. Avail-
able at http://www.fda.gov/Food/FoodSafety/Product-SpecificInformation/Seafood/
SeafoodRegulatoryProgram/ucm150954.htm; U.S. Government Accountability Office.
“Seafood safety: FDA needs to improve oversight of imported seafood and better lever-
age limited resources.” (GAO-11-286). April 2011 at 20 to 22.

Heuer, Ole. E. et al. “Human Health Consequences of Use of Antimicrobial Agents in
Aquaculture.” Clinical Infectious Diseases, vol. 49, iss. 8. 2009 at 1248 to 1253.

Wild Salmon Center. [Press Release]. “Growing risks from hatchery fish.” May 14, 2012.
Naylor and Burke. 2005 at 203 to 204.

Ibid. at 203.

FAO. 2012 at 122; Naylor and Burke. 2005 at 203.

Atlantic Salmon Biological Review Team. “Status review for anadromous Atlantic
salmon (salmo salar) in the United States.” July 2006.

Thorstad et al. 2008 at 30.

Connors, B.M. et al. “Migration links ocean-scale competition and local ocean condi-
tions with exposure to farmed salmon to shape wild salmon dynamics.” Conservation
Letters, vol. 5. 2012 at 304.

Ibid.

Naylor, Rosamond et al. “Fugitive salmon: Assessing the risks of escaped fish from net-
pen aquaculture.” Bioscience, vol. 55, iss. 5. May 2005 at 430 to 431.

Northwest Fisheries Science Center, NOAA Fisheries Service. “Risks to Wild Popula-
tions from Hatchery Fish.”

FAO. 2012 at 116.

See: FAO 2012. Production data are collected, while disease and escapes are not.

Food & Water Watch works to ensure the food, water and fish we consume
is safe, accessible and sustainable. So we can all enjoy and trust in what we eat

and drink, we help people take charge of where their food comes from, keep clean,
affordable, public tap water flowing freely to our homes, protect the environmental

inntl&wate
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about the importance of keeping shared resources under public control.
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