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This report was commissioned by the Salmon Aquaculture Dialogue. The Salmon
Dialogue is a multi-stakeholder, multi-national group which was initiated by the World
Wildlife Fund in 2004. Participants include salmon producers and other members of the
market chain, NGOs, researchers, retailers, and government officials from major salmon
producing and consuming countries.

The goal of the Salmon Aquaculture Dialogue is to develop and implement verifiable
environmental and social performance levels that measurably reduce or eliminate key
impacts of salmon farming and are acceptable to stakeholders. The group will also
recommend standards that achieve these performance levels while permitting the
salmon farming industry to remain economically viable.

The Salmon Aquaculture Dialogue focuses their research and standard development on
seven key areas of impact of salmon production including: social; feed;
disease/parasites; escapes; chemical inputs; benthic impacts and siting; and, nutrient
loading and carrying capacity.

Funding for this report and other Salmon Aquaculture Dialogue supported work is
provided by the members of the Dialogue’s steering committee and their donors. The
steering committee is composed of representatives from the Coastal Alliance for
Aquaculture Reform, Fundacion Terram, Marine Harvest, the Pew Environment Group,
the Norwegian Seafood Federation, Skretting, SalmonChile, Salmon of the Americas,
and the World Wildlife Fund.

More information on the Salmon Aquaculture Dialogue is available at
http://www.worldwildlife.org/what/globalmarkets/aquaculture/dialogues-salmon.html




SHORT SUMMARY

Since the mid-1960s, Atlantic salmon Salmo salar farming has grown into a large
industry within and beyond the native range of the species. Norway, Chile, Scotland and
Canada are the largest producers (46, 31, 10 and 7% of total production in 2005). A
number of environmental concerns have arisen from the phenomenal growth of the
industry. This report from the Technical Working Group on Escapes of the Salmon
Aquaculture Dialogue aims at examining and evaluating i) the incidence and impacts of
escaped farmed salmon in nature, and ii) the technologies and efforts to prevent
escapes and to reduce their impacts upon wild salmon and the environment. This
document:

e reviews the status of current research and our understanding of the issues,

e identifies significant conclusions/issues resolved by past research, and

¢ documents specific knowledge gaps and research needs.

Detailed information on salmon production, reported escapes from fish farms and
monitoring of escaped farmed salmon in nature is given for each of the salmon
producing countries. Escapes from fish farms occur from marine net pens in all salmon
producing countries, as both repeated “trickle” losses of relatively small numbers of fish,
and through large-scale episodic events. Numbers of farmed salmon escaping to the
wild are large relative to the abundance of their wild conspecifics. Nearly all salmon
producing countries have established routines for reporting at least large-scale escapes
from sea cage sites, but the magnitude of unreported escapes is unknown. Information
on low-level leakage and escapes from freshwater hatcheries remains uniformly poor.

Negative effects by escaped farmed salmon on wild Atlantic salmon populations have
been scientifically documented. Negative effects include both ecological interactions and
genetic impacts of inter-breeding. A large number of studies point to negative effects,
and outcomes for wild populations are either mostly negative and at best neutral. It has
been shown that inter-breeding of farm with wild salmon can result in reduced lifetime
success, lowered individual fitness, and decreases in production over at least two
generations.

Nearly one third of the total world production of Atlantic salmon is in regions where the
species is exotic. There is evidence of successful spawning of Atlantic salmon in three
streams in British Columbia, Canada, but whether escaped Atlantic salmon have
established breeding populations along the North American West Coast still remains
uncertain. Spawning of escaped farmed Atlantic salmon has not been documented in
Chile or Tasmania. The Atlantic salmon is a poor colonizer outside its native range. The
probability that escaped Atlantic salmon will establish populations where the species is
exotic seems low, but the possibility cannot be ruled out. It is difficult to predict if or
how Atlantic salmon will adapt to the regions where they are exotic, partly because
research to study potential impacts in many of these regions is limited.

The most important management issue at present is the need to reduce the numbers of
escaped farmed salmon in nature. Among technologies and efforts to reduce impacts of
escapes, sterilisation and farm exclusion zones look to be among the most promising,
although significant research to fine-tune and study the effects of these approaches is
needed. Given the compelling evidence pointing towards a high risk of negative impacts
by escaped farmed salmon on wild salmon populations (or on native fish/other
organisms in the case of escapes as alien species), and recognising the need to
continually improve on our knowledge of the interactions between cultured and wild
Atlantic salmon, the members of this working group would like to emphasise that the
most pressing research priorities are linked to: 1) technologies and efforts for
containment (escape prevention), and 2) approaches to reduce impacts of escapees.






EXTENDED SUMMARY

Since the mid-1960s, Atlantic salmon Salmo salar farming has grown into a large
industry within the native range of the species (northern Europe and eastern North
America), and beyond (western North America, Chile, Australia). Norway, Chile,
Scotland and Canada are the largest producers (46, 31, 10 and 7% of total
production in 2005). A number of environmental concerns have arisen from the
phenomenal growth of the industry.

This report from the Technical Working Group on Escapes of the Salmon
Aquaculture Dialogue aims at examining and evaluating i) the incidence and
impacts of escaped farmed salmon in nature, and ii) the technologies and efforts to
prevent escapes and to reduce their impacts upon wild salmon and the
environment. This document:

e reviews the status of current research and our understanding of the issues,

e identifies significant conclusions/issues resolved by past research, and

e documents specific knowledge gaps and research needs.

Geographical and temporal trends in numbers and proportions
of escaped farmed salmon in nature

This document presents detailed information on salmon production, reported
escapes from fish farms and the monitoring of escaped farmed salmon in nature for
each of the world’s salmon producing countries. Escapes from fish farms occur from
marine net pens in all salmon producing countries, as both repeated “trickle” losses
of relatively small numbers of fish, and through large-scale episodic events such as
storms. The reporting of escapes from fish farms to government authorities is
required by law, regulation or as a condition of the operating permits in most
salmon producing countries, and these escape statistics are available to the public
in most of these countries. Most of the reported escapes from sea cages seem to be
large episodic events, and despite requirements for mandatory reporting the
magnitude of unreported escapes is unknown. Information on low-level leakage and
escapes from freshwater hatcheries remains uniformly poor. The threat from such
freshwater escapes is generally insufficiently recognized.

Escaped farmed Atlantic salmon can be distinguished from wild Atlantic salmon
based on external morphology, scale characters, biochemical markers, marks left in
the internal body cavity by vaccination and genetic differences. Farmed salmon that
escape at an early life stage, and that have been in the wild for some time, are
more difficult to identify than recently escaped salmon.

Distribution and survival of escaped farmed salmon in the wild depends on the life-
stage and time of the year at release. Salmon released as smolts tend to home to
the area of release and enter nearby rivers for spawning. However, survival and
homing precision vary with the time of release (poorest survival for fish released in
late summer and autumn, and poorest homing precision for fish released in winter).
In contrast, salmon that escape as pre-adults seem to have a weak homing instinct
and show a low propensity to return to the release area for spawning. Many appear
to move with the current and enter rivers in the vicinity of where they are when
they are ready to spawn. Escaped salmon are usually recorded within 500 km of
the escape site, but have been recorded up to 2 000-4 500 km from the
escape/release site.



Ecological and behavioural interactions between wild and
farmed Atlantic salmon in nature

Farmed salmon differ morphologically and in physical condition from wild salmon,
which likely affects their behaviour, competitive ability and spawning success
relative to wild salmon. These characteristics are of both environmental and genetic
in origin.

Escaped farmed salmon occur on feeding grounds in the Atlantic Ocean and seem
to consume similar food resources as wild salmon. It is unlikely that availability of
food in the Atlantic Ocean limits Atlantic salmon production, and food competition
from escaped farmed salmon is unlikely to be strong.

Escaped farmed salmon are present on spawning grounds during the spawning
period, and even in high humbers in some rivers. The reproductive behaviour and
success of farmed and wild Atlantic salmon have been extensively studied in
experimental spawning arenas and in nature. Escaped farmed salmon can spawn
successfully in rivers both within and outside their native range. The spawning
success of farmed salmon, however, is lower than that of wild salmon, and that of
escaped farmed males is lower than that of escaped farm females. Successful
spawning by escaped farmed salmon in nature appears to most often result from
breeding between farmed females and wild males.

Following successful breeding, or the escape of farm juveniles from freshwater
facilities, behavioural and life-history characteristics of farm salmon and *hybrid’
(wild x farm) offspring will influence their performance and effects on native fish in
the natural environment. At juvenile stages, farm salmon and hybrids can be
expected to interact and compete directly with wild salmon for food, habitat and
territories. Farm juveniles and hybrids are generally more aggressive and consume
similar resources as their wild counterparts. In addition, they grow faster than wild
fish, which may give them a competitive advantage during certain life stages.
However, the outcome of aggressive interactions between wild and farm juveniles
vary, and depends upon the environment and the genetic background of the
competitors.

Invasions of escaped farmed salmon have the potential to impact negatively on the
productivity of wild salmon populations through juvenile resource competition and
competitive displacement. While the outcome of interactions between farm and wild
salmon will be context-dependent, varying with a number of environmental and
genetic factors, they will frequently be negative for wild salmon.

Genetic differences between farmed and wild Atlantic salmon
and the effects of inter-breeding on wild populations

Natal homing for spawning, the discontinuous distribution of spawning and juvenile
habitat, and a capacity for local adaptation promote genetic structuring within and
among Atlantic salmon populations. Wild Atlantic salmon are structured into
populations and meta-populations with little gene flow between them, but the
mechanisms providing the boundaries within and among river systems, remain to
be resolved in detail. Evidence for local adaptation of wild Atlantic salmon is
compelling.

World farmed salmon production is largely based on a few breeding strains. Current
farm strain selective breeding programmes are focused on multiple traits. Farmed
strains differ genetically from wild populations, which is expected due to: 1) the
effects of limited numbers in establishing farm strains and the non-random choice
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Appendix: Origin of information referred to in the
report

This report on incidence and impacts of escaped farmed Atlantic salmon was mainly
based on peer-reviewed scientific publications, but with references to other sources to
cover local and regional aspects. A total of 274 papers and reports have been cited (see
reference list). An overview of the country origin of these references is given in the
figure below. The country origin was determined mainly according to the location of the
work and fish studied (hence, a few studies were designated to two different countries
of origin). Review papers and reports with a general content (such as ICES and NASCO
reports) were categorized as “general” information, and not sorted according to country.

This overview shows that Norway, with the largest production of farmed Atlantic
salmon, also had a high number of publications relevant for this review of escaped
farmed salmon. Countries such as Canada, Ireland and USA had a high number of
publications relevant for this issue, seen in relation to their lower production of Atlantic
salmon. Chile, on the contrary, had a very low number of publications relevant for this
issue compared to the large production of Atlantic salmon.

—O 100
600000 - .

9 - 80

§ 500000 - z

S 2
T 400000 - 60 @
§ £ o
8 S r 2
« 9 300000 o
o E =3
S® O L3
= 7 S
92 200000 .o
T g a
= L 20
2 < 400000 4

0 - -0
'Way Ile K ’7ada Tog ls /:t‘,-a /Iée,,d 4 Gla,, » S.s-,'a /78,- OOZe,.a /
"ds t"l.es

Figure 1. Production of farmed Atlantic salmon (vertical bars, data from ICES
2007) and number of publications used in this report originating from each country
(green dots). ‘Other countries’ refers to countries not producing farmed Atlantic
salmon. ‘General’ refers to general publications (review articles and general
reports).
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