| ncidence and impacts of escaped farmed
Atlantic salmon Salmo salar in nature

Eva B . Thorstad, lan A. Fleming, Phi lip McGinnity, Doris Soto,
Vidar Wennevik & Fred Whoriskey

Report from the Technical Working Group on Escapes
of the Salmon Aquaculture Dialogue

January 2008






Incidence and impacts of escaped farmed
Atlantic salmon Salmo salar in nature

Eva B. Thorstad ?, lan A. Fleming 2, Phi lip McGinnity 3, Doris Soto *,
Vidar Wennevik °> & Fred Whoriskey °

Norwegian Institute for NaturResearch (NINA), Tungasletta 2, Ni@85 Norway. e
mail eva.thorstad@nina.no

‘°Ocean Sciences Centre, Memor i al Uni versit.)
Newfoundland A1C5S7Canadae-mail ifleming@mun.ca

3Marine Institute, Auaculture and Catchment Managei@ervicesNewport,Co
Mayo, Ireland e-mail phil.mcginnity@marine.ie

“Aquaculture Management and Conservation Service (FIMA)
Fisheries and Aquaculture Departmdfiapd and Agriculture Organisati of the
United Nations (FAO), Rome, Italg-mail doris.soto@fao.org

*Instituteof Marine Research (IMR), Bergen, Norwaymail vidar.wennevik@imr.no

®Atlantic Salnmon FederationSt AndrewsNew Brunswick, Canada-mail
asfres@nb.aibn.com

Report from the Technical Working Group on Escapes
of the Salmon Aquaculture Dialogue


mailto:phil.mcginnity@marine.ie
mailto:doris.soto@fao.org
mailto:vidar.wennevik@imr.no

This report was commissioned by the Salmon Aquaculture Dialogue. The Salmon Dig
is a multistakeholder, muknational group which was initiated by the World Wildlife Ful
in 2004. Participants include salmon producers and other members of the ¢chamet
NGOs, researchers, retailers, and government officials from major salmon producing
consuming countries.

The goal of the Salmon Aquaculture Dialogue is to devalapimplement verifiable
environmental and social performance levbét measurdp reduce or eliminate key
impacts of salmon farming and aeceptable to skaholdersThe group will also
recommend standards treathieve these performance levels wpi#gmiting the salmon
farming industry to remain economically viable.

The Salmon Auaculture Dialogue focuses their research and standard development g
seven key areas of impact of salmon production includiogal feed diseasgarasites
escapeschemical inputsbenthic impacts and sitingnd nutrient loading and carrying
capacity.

Fundng for this report and other Salmon Aquaculture Dialogue supported work is pro
by the members of the Dialogueds steer
committee is composed of representatives from the Coastal Alliance for Aquaculture
Refom, FundacionTerram,Marine Harvest, the Pew Environment Grotlge 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/cci/dialogues/salmon.cfm




SHORT SUMMARY

Since the mid -1960s, Atlantic salmon Salmo salar farming has gro wn 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 gro wth 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 preven t
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,

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

e documents speci fic 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 ma rine net pens in all salmon

producing countries, as both repeated Atrickled | osse
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 numb  er 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, an d 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 C  olumbia, 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 sa Imon 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 e vidence pointing towards a high risk of negative impacts

by escaped farmed salmon on wild salmon populations (or on native fish/other
organisms in the ¢ ase of escapes as alien species ), and recognising the need to
continually improve on our knowledge of th e 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 Ameri ca, Chile, Australia). Norway, Chile,
Scotland and Canada are the largest producers ( 46, 31, 10 and 7% of total
production in 200 5). 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 salm on and the
environment. This document:
e reviews the status of current research and our understanding of the issues,
¢ identifies significant conclusions/issues resolved by past research, and
e documents specific knowledge gaps and research needs.

Geographica | 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
eachofthewo r 1 déds sal mon pr od &Escapesdroncfishdannts odcw fsom
marine net pens in all sal mon producing countries,
of relatively small numbers of fish, and through large -scale episodic events such as
storms. The repor ting 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 unifo rmly 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 ar ea for spawning. Many appear
to move with the current and enter rivers in the vicinity of where they are when

they are rea dyto spawn. Escaped salmon are usually re  corded within 500 km of
the escape site, but have been recorded up to 2 000 -4 500 km fromth e

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 a nd 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 unlik ely 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 numbers 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 outsi de 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 of ten 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 dnybrid 6
(wild x farm)  offspring wil | 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 b etween 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 juvenil e 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.

Ge netic 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



and sourcing of wild founders, 2) domestication selection, 3) loss of variability by
geneti c drift (increased by using small numbers of brood fish), and 4) selective
breeding for economic traits. Differences between wild and farmed salmon due to
domestication and trait selection are likely to exist for growth rate, body size,

survival, delayed m  aturity, stress tolerance, temperature tolerance, disease
resistance, flesh quality and egg production, whereas unintentional correlated

changes may occur for fitness  -related traits including survival, deformity, spawning
behaviour and success, spawning ti me, morphology, fecundity and egg viability,
aggression, risk -taking behaviour, sea water adaptation and growth hormone
production.

Hybridisation of farmed with wild salmon, and gene flow from farmed to wild

salmon through backcrossing of these hybrids in subsequent generations, can cause
1) a change in the level of genetic variability, and 2) changes in the frequency and

type of alleles present. Hence, hybridisation of farmed with wild salmon has the

potential to genetically alter native populations, redu ce local adaptation and
negatively affect population viability and character. Several molecular marker

studies have shown that escaped farmed salmon breeding in the wild have changed

the genetic composition of wild populations.

Large -scale whole -river ex periments undertaken in Ireland (Burrishoole) and
Norway (Imsa), though conducted under different conditions, gave similar results.

Both released farm strain, and/or wild x farm strain fish to rivers, and found highly
reduced survival and lifetime success of farm and hybrid salmon compared to wild
salmon.

Effect s of escaped farmed salmon in regions where the
Atlantic salmon is an exotic species

Atlantic salmon is farmed in the Pacific Ocean outside of its natural distribution

range, mainly in Chile, along the West Coast of North America (Canada and US)

and in Tasmania (Australia). In 2005, 36 % of the total world production was in
regions where the species is exotic. Escapes of Atlantic salmon in these regions
potentially pose special problems. Questions re levant to the escape issue include
whether escaped Atlantic salmon can establish self -reproducing populations in
these regions, whether they are able to hybridize with native fishes, and what

ecological effects might escaped salmon have on native species a nd ecosystems.

Historical attempts to introduce anadromous populations of Atlantic salmon around

the world have failed generally , indicating that Atlantic salmon is a poor colonizer
outside its native range. The probability that escaped Atlantic salmon w ill establish
populations where the species is exotic seems low, but the possibility cannot be

ruled out. Where native populations of salmonids are currently depressed or in

decline, conditions for the establishment of Atlantic salmon may be more favourabl

now than in the past.

Mature escaped Atlantic salmon are recorded in freshwater streams in British
Columbia, Canada, and there is evidence of successful spawning of Atlantic salmon

in three streams. Whether escaped Atlantic salmon have actually establis hed
breeding populations along the North American West Coast streams still remains
uncertain. Mature escaped Atlantic salmon are recorded in Chile. However, the
spawning of escaped farmed Atlantic salmon in the wild has not been documented

in either Chile  or Tasmania.

The likelihood of successful hybridi sation between Atlantic salmon and Pacific
salmonid species seems small. However, if populations of Atlantic salmon establish,



juveniles could be competitors to juvenile Pacific salmonids. The outcome of th e
competition between juvenile Atlantic salmon and Pacific salmonids in nature is

difficult to predict. It seems that Atlantic salmon is often competitively inferior to

Pacific salmonids, but that this is context dependent, with body size and prior

residen cy being important. Escapees seems to have greater difficulties in adapting

to the marine environment in the Pacific Ocean and Tasmania than in the Atlantic

Ocean, with large proportions of empty stomachs recorded in escapees captured at

sea. However, esca ped Atlantic salmon do feed and prey on native marine species

in regions where it is an exotic.

Unlike the situation within its native range, there have been no clearly documented

impacts of escaped farmed Atlantic salmon on native fauna in regions where itis an
exotic. However, this may be because there is only limited research being

conducted to study impacts. It is generally difficult to predict if or how Atlantic

salmon will adapt to the regions where they are exotic.

Technologies and other efforts f or escape prevention

A prerequisite for escape prevention is knowledge of why, when and from where

salmon escape. Such information , Which is frequently inadequate, is needed to
identify critical factors related to culture technologies, techniques and site s. When
this information is combined with knowledge of the survival and distribution of

escaped salmon at different life stages, times of the year and locations to identify

the most critical escape periods, risk analyses can be performed and the high

prior ity areas for improvement and development identified.

There has been continuous research and development to improve cage technologies

and operating methodologies. Novel or alternative technologies , however, have
been slowto developto date. Technical im provements to facilities and operations to
prevent escapes are tremendously important for wild populations, and of potential

direct economic benefit to fish farmers.

A Norwegian standard has been developed that specifies technical requirements for
the di mensioning, design, installation and operation of floating fish farms. This
standard is the first of its kind internationally, and Norway is currently working on
internationalization of the standard through the I1SO.

Technologies and efforts to reduce impa cts of escapes

The use of sterile salmon is a measure that should be carefully appraised,
considering the positive effects it could have on reducing direct genetic effects of
farmed salmon on wild salmon populations. It may also reduce ecological effects.
However, it is unlikely to greatly reduce threats from the transmission of diseases
and parasites . The most effective method of sterilising Atlantic salmon is high
pressure induction of triploidy in newly fertilised eggs. Triploids have a number of
disadv antages in commercial aquaculture, but results from different studies vary
with regards to triploid growth, survival and the occurrence of deformities. Triploidy
is a procedure that can be applied to different stocks which, as diploids, are likely to
exhib it different morphological, behavioural and performance characteristics. It is
therefore unlikely that the characteristics of different triploid stocks will be the
same. Use of triploid (i.e. sterile) salmon in commercial farming would require
research and development to determine optimum rearing conditions and boost
triploid disease resistance. Ecological interactions of farmed sterile fish with wild
fish must be critically evaluated before large -scale use of sterile fish can be
encouraged .
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Domesticating cultured fish to the point where they are unable to breed successfully
in nature, or even to survive in nature, could be an effective means of reducing or
eliminating genetic and ecological threats to wild populations. However, this would
potentially be a complicated and long -term process to select for a truly
domesticated farmed salmon, while at the same time not affecting characteristics

that may reduce the culture yield.

Protection zones where salmon farming is prohibited may be an effective way of

prot ecting wild salmon populations. Such zones have been established in fjords in
both Norway (pre -existing farms however were not always relocated) and in

Iceland. Only a few zones seemed to provide the intended effect of reducing the
proportion of escaped fa  rmed salmon in nearby rivers, according to a preliminary
evaluation in Norway. This may be a consequence of the small size of the zones,

with the two largest appearing to be the most successful thus far. In addition, there

are pre -existing farms in some of the zones which have been permitted to remain.
New protection zones have recently been established. Research into design of
protection zones to protect rivers from intrusion of escaped farmed salmon is
needed. The numbers of escaped farmed salmon vary amo ng rivers, and some
large rivers seem to attract escaped farmed salmon even though they are situated

far from any fish farms. Information on what characterises rivers that attract a high
number of escaped farmed salmon is needed to evaluate the effectivene ss of
protection zones and  influence their  design.

Escaping post -smolts seem to move away from the release site within a few hours

of escape, and even a huge effort over large areas may not effectively recapture

salmon after large -scale escapes. Often onl y a small percentage (< 3%) of escaped
salmon can be recaptured despite organised fishing efforts following large escape
episodes. Models need to be developed that predict survival and migration pattern

for escaped fish. Field data is required to parameter ise these models. With such
knowledge, measures to reduce impacts of escapes can be identified more easily .

MAIN CONCLUSIONS

Numbers of farmed salmon escaping to the wild are large relative to the abundance
of their wild conspecifics. Escaped farmed salm on are clearly an international issue,
with frequent observations of their crossing national borders.

Potential negative effects by escaped farmed salmon on wild salmon populations

have been scientifically documented. Negative effects include both ecolo gical
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 fithess and decreases in
production over at least two generations.

Throughout their native distribution, Atlantic salmon populations are in decline.

Several factors acting in concert have probabl y contributed to this decline, and the
multiple stressors can mask the relative contribution of each factor and exacerbate

the overall effects of any individual stressor. This has two important implications
regarding escaped farmed salmon: 1) potential eff ects of escaped farmed salmon
on population size and production are difficult to separate from other factors, and

2) wild salmon populations are likely to be more vulnerable to effects of escaped

farmed salmon because of the synergistic effect of other neg ative pressures. The
maintenance of strong wild salmon populations may reduce the likelihood and

magnitude of negative impacts by escaped farmed salmon.
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The most important management issue at present is finding measures to reduce the
numbers of escaped f armed salmon in nature. Among the technologies and efforts
proposed to reduce imp  acts of escapes, sterilisation and farm exclusion zones look
to be among the most promising, although significant research needs to be done to

fine -tune and confirm the benefi ts of these approaches. 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 recog nising 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 cont ainment
(escape prevention), and 2) approaches to reduce impacts of escapees.
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