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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.

11



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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1 Introductio n

Many fish speciearecultivatedfor aquaculture purposeand &out 40% of all fish
consumed by humans worldwide a@vfarmed FAO 2006). Sincethe mid1960s

Atlantic salmonSalmo salafarming has grown into a lge industrywithin the native
range of the species (northern Europe and eastern North Amaridaeyond (western
North America, ChileAustralig (Figure 1.1). Norway, Chile Scotlandand Canadare
nowthe largest producerdq, 31, 10and ®%6 of total productionin 2005 respectively
ICES2007. The worldwide production of farmed Atlantic salmon is approximately 600
times the reported catch of salmon in the North Atlantic (ICES 2006).

During the past 25 years, the production of farmed Atlantic saimthre North Atlantic
has increased from less than 5 0bid 11980 to804 908t in 2005 with farms in
Norway accounting for3% of the current production, Scotlah®%o, Canad&%,
Faroe Islands 2%reland 2%, andceland,USA, Northern Ireland and Rusdiess than
1% each(ICES2007).

Beyond the native range of the Atlantic salmon, the production has increased from 53 t
in 1987 to456 827t in 2005 with farms in Chile accounting f&4% of the current
productionwestcoastof Canadal 1%, Australia 4%westcoastof USA 1% and South
Korea and China less than 1% (ICE®7).

B Norway
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B canada east coast
ireland
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Figure 1.1. Total production of farmed Atlantic salmon during 1980 -2006 (in
metric tons round fresh weight) . Note thatd ata for 2006 are provisional. Source:
ICES (2007 ).

tis used as shortening for metric tonne, i.e. 1000 kg.
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Net-pen culture in marine systeroan resulin loss offarmedsalmorf into the wild

and up to two million salmon are thought to escape from farms around the North
Atlantic each year (Schiermeier 2008hat is around 50% of the totalimber ofwild
salmonat sean the area in 200QCES 2006 terms this prefishery abundaneg)jich
was estimated at 4.2 million fish (Atlantic Salmon Federation 2@&»taped salmon
from aquaculture activities coutdushave profound effects on marine and freshwater
fauna(Naylor et al. 2005)

This report from the Technical Working Group on Escapes of the Salmon Aquaculture
Dialogue aims at examining and evaluatintheincidence andmpacts of escaped
farmed salmon in naturand ii)thetechnologies and efforts to preverscapes and to
reduce the impacts,by

¢ reviewingthestatus of current research aodr understanding aheissues

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

¢ identifying specific knowledge gaps and research needs.

Bo x 1: Atlantic salmon life history

Most Atlantic salmon populations are anadromousdtich means thegpawn and have
their juvenile phases in fresfater and migrate to the ocean for feedadtfjough some
populations are freshwater resident and complete life cycle in fresh water
(Klemetseret al.2003).

Anadromous Atlantic salmon spawn in rivers in autland winter and the eggs hatch
the following spring. The juveniles (parr) remain in freshwater f8rykars, before
they transfornphysiologicalyy and morphologicallyi.e. smoltify)into the smolt stage
and migrate to sea for feeding. At sea, Atlantic salmon are distributed over large areas
in the North Atlantic Ocean. Adult salmon mature aftér\inters in the sea and return
to freshwater forgawning. Some young males mayior to migrating to seaexually
matureas pari(6 p r e ¢ o c ), capaBle opsaiacassiul reproduction with adult
females. Atlantic salmon return with a high precision to their home river for spawning,
although a small peentagecan strayto other rivergaverage 4%, rangeZ0% of the
sexually mature salmon return to rivetkerthan the one they were hatched $tabell
1984). Atlantic salmon may spawn up $everntimes during their liféme, but the
mortality is highand most individuals spawn only once or twice.

*Diadromyis a migration pattern characterised by migrations between freshwater and marine
environments. Diadromy can be divided iatgadromy in which adult fish migrate from the sea to spawn
in fresh waer, catadromy in which adult fish migrate from fresh water to spawn in the aed
amphidromywith a migration of larval fish to sea soon after hatcliangearly feeding and themeturn to
freshwater as juveniles (i.e. migratioocurs at other lifetages than for the purpose of breeding)
(McDowall 197, 2007.

2Theterms al mond when used iAtantic saknont unlbss othenwisegstatede f er s t o
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Box 2: Farmed salmon versus hatchery -reared and sea
ranched salmon

Farmed salmonare grown with the intended purpose of consumption. Wild salmor
populations provide the genetic material the development of farmed salmon strain
which have been selected over several generations for commercially important tra
adaptation to farm environmer{tse chapter 4 for details).

Hatchery-reared salmonare produced and released in mangnévto enhanceild
populations, for example as compensation for lost spawning areas @d@alésh lost
populations. Usually, hatchergaredsalmonarefirst generatioroffspring of wild
parents, with an increasing focus on using the @veative ppulation for stocking
purposesHatcheryreared salmon might be releasgdhefry, parr or smolstage The
artificial selection in a hatchery is different from natug@lection in aiver, and
hatcheryreared salmonandiffer genetically from the wil fish even afteas little as
one generation in a hatchery, but not to the same extent as shlhbas been farmed
for multiple generations

Sea ranched salmorare released as smolts or psstolts in rivers omto the sea, with
the aim tocapturingall of the fish on their return to the release site as adults

References used in this report

This report is baseahainly on peerreviewed scientific studiesf farmed salmonbut
with referencesto t h er s o u rgeeglgerafuré jogover todl and fegional
aspectsStudies of hatcheryeared or sea ranched salmon are included only when t
are considered relevant to the issue of the impacts of escaped farmed salmon. S
studies might be particularly relevant in terms of the escape of faaat@dn at early
life stages (i.e. the smolt stage or younger), because they are deprived of early ri\
experiences in a similar way as farmed salmon. However, hatsteed and sea
ranched salmon often do not differ genetically from wild salmon tedhee extent as
farmed salmon, which have undergone directed selection. When studies of hatchg
reared and sea ranched salmon are referred to, this is specifically stated in the te
a footnote.
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2 Geographical and temporal t rends in numbers and
proportions of escaped farmed salmon in nature

Atlantic salmon net pens in afjordin Northern Norway.
Photo: Eva B. Thorstad

2.1 Norway

Aquaculture production

The productiorof farmed salmon in Norway increasgg6 fold, from 4 312 t686512
t between 1980 an2D05(figure 2.1). Fish farms are distributed alongpst of the
coast, withmost of theproductionalong the west coafiom Rogaland to Finnmark
counties The countiesvith the highest production are Nordland and Hordaland
(Statistics Norway, www.ssb.no)

Reported and unreported loss from fish farms

Theannualreported loss from fish farme the wildthrough escapdsakags wason
averaget40000salmon (rang€40 M0-715000) during 19932005 (figure 2.2)%. The
reported lossid notchangeduring this periodlinear regression? = 0.036, p =053),
even though the total production increagé@% (figure 2.1). Preliminary numbersf
reported escaped salmtmr 2006and 2007 (until 1 December 2007) are 920 000 and
319 999 salmon, respectively (Norwegian Directorate of Fishekist) farmers are

% This was 1.5 times the total reported catch of wild salmaheé commercial and recreational fisheries
in the same time period (average ZEW) (ICES 2006).
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required to report all escape incidents to the authoritéen a fish farmer suspects

that an escape has occurred, @mener is obliged to report this to the regional Fisheries
Directorate, using a standardized form. The form requires details of estimated number
of fish escaped, age, health condition and whether the fish had been recently medicated.
The cause of the escaprist also be reported. All information is available to the public.
The Directorate of Fisheries has collected and presented statistics on the scale and
causes of escapes since 1993.
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Figure 2.1. Production of farmed  Atlantic salmon in Norway during 1980 -2005.
Source: Statistics Norway ( www.ssb.no ).
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Figure 2. 2. Reported loss of Atlantic salmon from fish farms in Norway through
escapes/leakages during 1993 -2005. Source: Statistics Norway ( WWWw.ssb.no ).

Official data on the numbers of escaped farmed salmon are derived mainly from large
scale events reported by fish farmers, and little is known about the ctiotribii
unreported escapes to the total escapement (Baargy et al. B@®4fficial statistics
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seem to underestimate the numbers of escaped farmed salmon owingéparing or
underreporting from some escape events (Fiske et al. 2006a, Seegrov K2006x

Seegrov & Urdal (2006) estimatéolased on a number of assumptiahs)t only 12

29% of the actual number of escaped farmed salmon is reported. They estimated that the
mean annual number of farmed salmon escaping were 2.4 million during2Q098\s

a comparison, the reported number of escaped salmon varied betwe025

550000 annually during this period.

Escapees from smadkale unreported escape events seem to make up a large proportion
of the escaped farmed fish, based on a-f@arstudy in the sea in Hordaland County
(Skilbrei & Wennevik 2006). Further, the size variability of the catches implied that the
escapees originated from several different escape events. A similar conclusion was
made by Fiske et al. (2005, 200&007, ba®d on the fact that escaped farmed salmon
sampled at one locality had escaped at a wide range of body lengths (based on scale
analyses), indicating that they originated from many different escape events. Most
salmon had escaped when they were between®8@inm long (5566%), but a

relatively large proportion had also escaped as smolts ospusts (1942%) (Fiske et

al. 200%, 2006k 2007. A studyfrom the 1990suggested that up to 50% of the
escaped farmed salmon caught in bag nets on the coastwaihad escaped as

smolts or possmolts (Lund 1998).

Occurrence of escaped farmed salmon irsea and river catches

Reports of escaped farmed salmon in Norwegian salmon rivers first appeared in the
1980s (Gausen & Moen 1991, Lund et al. 1994ggbergeet al. 1998). The

occurrence of fish farm escapes has braenitoredin catches irseveraNorwegian sea
localitiesannuallysince 19%, and in rivers annually from 198Bund et al. 1991, Fiske
et al. 2001, 200 Hansen et aR007, ICES2007). The rumber of localities monitored
every year has varied betweerl Bsea localities and i3 rivers (Fiske et al. 2001).

During 19892006, themeanannual proportion oéscapedarmed salmon varied
betweer21-54%in coastafisheries(average38%), 10-43% in fjord areas closer to the
river mouths (averages%), 4-16% in angling catches rivers insummer (average
7%), and11-35% in samples fronthe spawning populations riversclose tothe
spawning seasaiverage21%) (Fiske et al. 2001Kansen et ak007, Peder Fiske,
Norwegian Institute for Natur@esearch, unpublished dafigures 2.3-2.4).

Generally, the proportions of escaped farmed salimtime catcheare lowest during

the angling season in the rivers, higher in the spawning populations inefeadose to

the spawning period, and even higher in the sea fisheries (higher on the coast than in the
flord areas closer to the river mouths, when comparing localities monitored every year
during 19932005) (Fiske et al. 2001, Hansen et28l07). Thehigher proportion of

farmed salmon in thever catchelose to the spawning season (SepterNmrember)

than during the angling season (Junegust) indicates that most farmed salmon enter

the rivers later than the wild salmon (Lund et al. 1991, Fiské 2001).

The proportions of escaped farmed salmon have decreased in the sea fishecss
years, whertonsidering thoskcalities monitorec&nnuallyduring 19932006 (Hansen
et al.2007, figure 2.3). However, when all monitored localities aneluded, the
proportion of escaped farmed salmon in fjbstheriesincreased from 199(Hansen et
al. 2007, figure 2.3). Thiscoincides with the inclusion ddcalities from the outer
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Hardangerfjorgdan area with a large number of fish farms and weak selchon
populationsjn the surveys. Eince a high proportion of escaped farmed salmame
observedn the catches (Hansen et 2007).
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Figure 2.3. Average proportion of escaped farmed salmon in sea fisheries duri ng
1989 -2005, given for coastal areas and fjords closer to the river mouths separately
(un-weigh ted average of localities ). Upper figure shows data from only those

localities monitored every year during 1992 -2005 (isel ected ,(Jfoocal itiesd)
standardisatio n (see text) , whereas the lower figure shows data from all monitored
localities. Source: Hansen etal. (200 7), with labels translated to English (figures

made by Peder Fiske, NINA)
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Figure 2.4. Average proportion of escaped farmed salmon in catches in sport
fisheries in rivers ( recreational angling 1 June - 18 August during 1989 -1994 and 1
June - 31 August from 1995), and in catchesin spawning populations in rivers in
the autumn (September -November) during 1989  -2005. The sport fisheries were not
monitored in 2003. The proportions in spawning populations are obtained from
broodstock fisheries or monitoring by angling or net fishing. The average isun -
weigh ted average of localities. Source: Hansen etal. (200 7), with labels translated

to English (figure made by Peder Fiske, NINA)

The proportions of escaped farmed salmosaimples fronthe spawning populations

have also declined in the last number of yefigsife 2.4). However, this reduction is

not reflected in ta angling catches, which might be due to an extensitmeaingling
season starting ih995 (extended from 18 to 31 August), and thereby increasing the
likelihood of catching late entering farmed salmon (Fiske et al. 2006a). There is a higher
proportion & males than females among the escaped sasampled fronthe

spawning populations (average 65% males during-P@8®). In most years, the

females have been larger than the males (average total length females/valasrg8

cm) (Fiske et al. 2001). Mosf the escaped farmed salmsempledn the rivers during

the spawning season are mature. The proportion mature fish was 87% among females
and 92% among males during 1983900 (Fiske et al. 2001).

The proportion of escaped farmed salmon in catchegpendent on the size of the wild
salmon populations. For instance, if the wild salmon populations are in decline, the
proportion of escaped farmed salmon will increase even though the number escaping is
constant. Therefore, to achieve information on ttre@ds in the number of fish

escaping from fish farms, the number of farmed salmon captured in the salmon fisheries
has been estimated (Hansen et al. 26Q6re 2.5, 2.6). These are not absolute

numbers, but reflect a tirteend since the calculation isrp@med in a similar way

every year. Thestimatechumbes of escaped farmed salmon caught in the fisheries
varied between 4000 and 600 every year frorthelast half of the 1980s until 2002
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(Hansen et al. 2006@igure 2.5, 2.6). Howeverduringthe last three yea, the numbers
havebeen below 4@00. Since the production of farmed salmon increased 12 times
from 1987 to 2004, thimdicatesthat therelativeproportionof fish escaping from fish
farmshas decreased

In conclusion, proportions of egmed farmed salmon in catches were high during the
1990s, but seem lower from about 2@bQvards with a mean proportion of escaped
farmed salmon isamples fronthe spawning populations ©8% (rangel1-18%)

during 20082005 (Hansen et &2006,Peder Fisk, Norwegian Institute for Nature
Research, unpublished data). A consistent decline in the proportion of farmed salmon
recorded irsamples fromhe spawning populations during 198904 probably reflects

a reduction in the number of escaped farmed salmenld populations (Fiske et al.
200&). However, changes in fishing seasons, resulting in more effort late in the season
in both the sea and rivers, miglisohave increased catches of farmed salmon and
contributed to a reduced number in the spawningiladipns.Hindar & Diserud (2007)
have recommended in a recent né¢ploat average intrusion ratssould not exceed 5%
escaped farmed salmon in wild spawning populations.
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Figure 2.5. Estimated number of escaped fa rmed salmon inthe  nominal salmon
catches during 1970 -2005 . Source: Hansen etal. (2006 ), with labels translated to
English (figure made by Peder Fiske, NINA)
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Figure 2.6. Estimated number of wild and escaped farmed sa Imon inthe nominal

salmon catches during 1980  -2005 . Source: Hansen etal. (2006 ), with labels
translated to English  (figure made by Peder Fiske, NINA)

Status of wild salmon populations

It was estimated that a total of 7000 wild salmon returned frothe ocean to the
Norwegian coast in 2005, before exploitation in the fisheries (Hansen et al. 2006).
these, 26300 (38%) wereaught(ICES 2006) In total, 450rivers in Norwayhave, or
had, selreproducing Atlantic salmon stocks, of which 45 eagorised asost (10%),
32threatened (7%),14 vulnerable or reduce@%%), 246 moderately or little affected
(55%), andL3 status unknown3%) (Hansen et aR007). Acidification and the parasite
Gyrodactylus salarisire themost commomeasons fothe extinct or threatenedtatus

of populations Hydropower regulation isuspected to bde main contributing factdo
salmon population declinés the highest number oiiver systemg83), followed by
other physicahlterations acidification,Gyrodactylussalarisand salmon lice.

The size of the wild salmon populations decreased during the 1980s and 1990s,
although not to the same extentsagn in some regions 8totland, Ireland and Canada
(Hansen et al. 2006). The population simereased from the erof the1990sup to the
presentbut not to the high levels recorded during the 1980addition to local

problems, a colder ocean climate has probably contributed to a reductitiantic

salmon populations throughout thep e cranged @what extat the incidence of
escaped farmed salmon in wild salmon spawning populations might have contributed
negatively to the wild salmon production is not known,ibuionsidered aontributing
factor by bothHansen et al. (2006) and Jonsson e2&l06).
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2.2 North Atlantic Ocean

Wild Atlantic salmon are distributed over large areas irNibeh Atlantic Ocean

(Hansen & Quinn 1998)n some areas, Atlantic salmon of exploitable size are
sufficiently abundanthatcommercial high seas fisheridavelopedSuchareasare off

west Greenland, wheiorth American and European fish are harvested, and in the
Norwegian Sea, north of the Faroe Islands, whaaly European fishre exploited.

(Apart from some experimental fishing, these fisheries have since beed alager
international agreemenBscaped farmed salmon have been observed in several areas in
the northeast Atlantic.

Long-termtime seriesdatafrom thelong-line fisheries north of th&aroelslands

showed a low proportion of farmedlmonuntil 1989(< 5%), then an increase to about
40% in 19891991, followed by a decrease t0-28% inthemid 1990s KHansen et al.
1993,Hansen & Jacobsen 1998ansen et al. 1999Most of the farmedalmonin this
area are probably escapes from Norwegian fish féirfassen & Jacobsen 1998).
contrast at west Greenland 1991 and 1992he incidence of farmed salmon appeared
to be very small€ 2%,Hansen et al. 1997).

2.3 Chile

Production and geographical distribution

Chilean salmon farming has experience@gponental growth, currently accounting
for over 70% of global salmon aquaculture productigetoer with Norway (FAO
2005).In 2004 salmon production in Chile reached 569 000 tons shared by the
contributions ofAtlantic salmon (61%),@hosalmonOncothynchuskisutch(22%),
rainbowtrout Oncorhynchus mykig& 6%)andChinook salmonOncorhynchus
tshawytschgl %), respectively Atlantic salmorproductionhas been the fastest
growing within Chilean aquaculturédure 2.7).

Currently, a large proportioaf the production of smolts (all species) is carried out in
lakes and rivers while a smaller, but growing percentage, are being produced inland in
re-circulated water systems. It is estimated that around 50% of smolts are produced in
the large lakes Llandioue, Rupanco and Puyehue, with the highest proportion in the
Llanquihue Several small lakesn Chiloe Island such as Huillinco, Natri, Tarahaind
Tepuhueico (among others) produce betweear210% of the smolts.

Until five years ago, more than 90%tbetotal salmonidproduction was concentrated

in the X region, or so called Lakes Region. This is an area of coastal channels, islands
and fjords approximately between°Z20 6 W °8& 0 8, aridVbetween 48 and 43

306 S (Leon 20 0f@gheareaTsibedow i milhian pemplEodayrthiso
regionis responsible for8% of the Chileansalmon productioitall species combined)
though production ithe next regioro thesouth (Aysen; south from 43) has been
increasinghe productionand by 208 was responsible f@1% ofthe production.In

terms ofAtlantic salmonproduction alone80% was farmed in the Lakes Regian

2005 butit is expected that productida the soutlwill increasevery quicklyin the

coming years
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Figure 2.7.  Atlantic salmon production in Chile and estimated number of escaped
fish. Data for 1994 -1996 from Soto etal . (2001). Data for 2003 and on provided by
Subsecretaria de Pesca, Chile. Reported escapes after the earthquake in 2007 is an
estimate from news reports, no t official data. The 2007 value for production is also

a preliminary estimate and not a confirmed value.

Escaped Atlantic salmon and other species

Salmon escapes in Chile have been mostly reported or estimated after large and or
catastrophic events. Dug 1994 and 199%here were massive escapes after major
storms(Sao et al 1996, 2001)Between 1993 and 1996s@peditlantic salmon
amounted to about 1.5 million fisand constitute&7% of total estimatesalmonid
escapes at the time. Howey#rereappears to have beardeclinesince thenwith
fewerreported escapeaespiteincreasing production of this specidgire 2.7). Some
of the largestecentlyreported salmonid escap@Es. 2 million fish) took place in the
Aysen Region in 2004_eon 2®6) and consisted mostly of coho salmon aadbow
trout. Reportsto Subsecretaria de Pesca for 2004 and 2005 blbaeweather
conditionsfor damaging cage structuraed being responsible for 87% of all escapes

Niklitschek & al. (2006) suggested thabout 1 to 2 % of farmed fish could escafeat

is 2 to 3 fish for each ton produceéduch of this is thought tbappen when changing

nets, during transport and harvesting, Bt possible that theses i d skow éscapes

reached nedyr 700 thousad Atlantic salmon in 20Q9ivena total production of 370

thousand tons. Howevghis estimate has not been evaluatedctly and remains

somewhat speculativé very large salmon escape occurred in April 2007 when a

violent earthquake shook the Aysgofdi n Sout hern Chil ebdbs Regi oo

28



landslide and localized tsunami. The 14 salmon farms operating within the fjord at this
time may hae housed up to 14 million fisifhe events caused serious damage to the
farms, and while no official figurdsave been provided, as many as 5 million fish may
have escapédlf this figure is correct, then this would be the largest escape ever of
farmed Atlantic salmon from a single event in any farming region. The circumstances
which led to the escape are highilyusual and unpredictable, and could not have been
countered by any existing technologies.

Presently there ar&n0 monitoring programs in place to follow ap escapes a&falmon
However the current environmental legislation for aquaculture (RAMA) megithat
mitigationmeasure$ein place to control escapes and that eschpesported to
authorities. The Subsecretaria de Péssdbeencompiling these reports since 2004
and they are publicly available upon requésie only available evaluation tie
presence of escaped salmon in nawasthat provided Soto et.g2001) for the period
19941996.

2.4 United Kingdom

Salmon culture began in the coastal waters of Scotland in the late 1960s (Walker et al.
2006). Marine salmon farms are sitedrgjdhe west coast of mainland Scotland, around
the Western, Orkney and Shetland Isksdon the north coast of Northern Ireland.

There are no salmon farms operating in the coastal waters of England and Wales. There
are wild salmon present in all theseas except the Orkney and Shetland Isles. An
overview of escapee monitoring programrigegiven by Walker et al. (2006).

Scotland

The total production of farmed Atlantic salmon in Scotland increased from
approximately 600 t in 1980 to a high of approxiema 177000 t in 2003, but
decreased again 80000 t in 2005 (ICEQ007).

The Scottish Executive introduced legislattbatrequires the mandatory notification of

all escapes of farmed fish May 2002(Anon. 2004). Any suspected escape, or
circumgance which gives rise to a significant risk of escape, should be reported to the
Executive.Information on escapes used to be regarded as commercially confidential and
was not available to the public, except as a yearly total. However, the Freedom of
Information Scotland Act (FOISA) allowed people to request this information, and it

has recently been released to the public, broken dowmdbgdual fish farm compan.

In the period 20022006, an annual average of Z@3 salmon were reported escaped
from sea water localities, and 889 from freshwater hatcherigsScotlanddead fish
excluded, statistics provided by Paul Haddon, Scottish Executive Environment and
Rural Affairs Department, Scotland).

There is no centralised source of information ableetincidence of escaped farmed
salmon in Scottish rivers and coastal areas at this time, and the information that does
exist is of limited value in assessing the current numfi@asid Hay, Fishery Research
Services, Scotland, personal communicatigegording to a summary by Walker et al.

* http://www.patagoniatimes.cl/content/view/91/26/
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(2006), escapees occur on average at low frequencies in coastal and freshwater
fisheries: < 5% in the Northwest and < 1% in the Western Isles and Southwest Areas
(see also Webb & Youngson 1992, Youngson et al. 198)ever, escapees occur at
higher frequencies in the coastal fisheries in areas where farms are situated. Frequencies
of escapeebavein some yearf the Northwest Area been up to 22% in coastal and
19% in freshwater fisheries. It should be noted that mesttificationsare based on
external morphology alone, and relying on anglers anélstegrsto examine their own
catches. Such use of the fishery catch statistics is not regarded as ideal for identifying
the incidence of escaped farmed salmon (Walkal. &006).In 1991, progeny of

escaped farmed females were detected in 14 of 16 sampled rivers in western and
northern Scotland, with an average frequency of occurrence among sampled parr of
5.1% in the rivers examined (Webbal.1993b).

In the River kve, western Scotland, farmed salmon occurred in the rod fishery in 13 of
15 years during 1982001, contributing to at least 5.8% of the total catakh a

maximum annual frequency of 27% (Butler et al. 2005). It was estimated that < 1% of
fish escapingrbm the marine cages entered the river, but contributed at least 27% of
potential anadromous spawners in 1997.

Northern Ireland

The total production of farmed Atlantic salmon in Northern Ireland is much smaller
than Scotland, and varied between < 100dt 288 t during 199@005.In Northern

Ireland, it has always been a condition of the operating licence that marine salmon
farms report escape incidents to the Fisheries Division of the Department of Agriculture
and Rural Development (DARD) (Walker et abB). However, these data are not
available to the public because they may be commercially sensitive.

Escaped farmed salmon were monitored in a coastal salmon fishery in County Antrim,
Northern Ireland, during 1992995, and at an adjacent freshwateatamn (the River

Bush) during 19911995, based on morphological characteristics (Crozier 1998). In the
sea fishery, 2.4% of the examined salmon were identified as escaped from sea cages
(annual averages from 0-260%). In the river, 0.88% of fish enteriram adult trap

were identified as escaped salmon (annual averages fror2 @.283).According to a
summary by Walker et al. (2006), escapees have occurred in coastal catches across
years at an average level of 4.2% and at a maximum of 14%.

After a large scape of adult salmon from Glenarm Bay fish farm in Northern Ireland
following storm damage in August 2001, escaped farmed salmon were found in rivers
of Northwest England and North Wales (Milner & Evans 2008¢ distances between
Glenarm and the receng rivers ranged from 181 to 276 km.

2.5 North American East Coast: Canada and US

Commercial sea farming of Atlantic salmon on the east coast of North America began in
the | ate 19706s. Farm sites aretheoncentr at
souttwestern Bay of Fundgibrthwestern Gulf of Maine region, although a few farms

are dispersed outside of this region to parts of Maine, New Brunswick (NB), and
Newfoundland (NF). A major salmon farming expansion is planned in the immediate
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future for southertNewfoundland. More than 90% of all the fish grown on the East
Coast are farmed INB and Maine. Canada produced 93% of the fish on the East Coast
in 2005 (ICES 2006). However, the farmed salmon produced in this region5rn(420

649 t) was only about 34 of the 1261683 t estimated global production of this

species in this year (ICES 2Q0®@ure 2.8).
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Figure 2. 8. Production of farmed Atlantic salmon (t) on the East Coast of North
America. The upper ( -) and lower (+) lines are Canadian and US produ ction,
respectively. Data source: ICES (2006).

The firstCanadan salmon crop from this region was marketed in 1980, with US farms
coming on line in 1987. Production in both countries increased rapidly, peaking at about
50808 t in 2001(figure 2.8), anddeclining thereafterA paucity of acceptable sites in

the NB/Maine region, and a combination of regulatory requirements, losses to disease
and a necessity to fallow some sites on a regular basis to control diseases, has resulted
in a decline in productioin recent years. Regulatory regimes differ between the US and
Canada, although the same companies have traditionally operated on both sides of the
border.

In the NB and Maine regions where salmon farming occurs, wild Atlantic salmon
populations in 40 viers are officially listed as endangered by national authorities in
Canada and the USA (Amiro 2003, NRC 2004), and those in the other rivers in the area
are severely depleted (Jones et al. 200M¢. exact cause or causes for recent declines
remain specutave; however, lte depressed status of these wild salmon populations is
believed to make them particularly vulnerable to impacts from escaped farm fish.

Farmers in NB are required to report escape events to Provincial authorities, but this
information istreated as confidential and not released to the public. Thus a complete
recad of escapes is not available.cases of catastrophic failures, newspapers will on
occasion cover the story, providing records of the events and in some cases estimates of
the rumber of fish escaping. Growers in Maine are also required to report escape events
to theStategovernment, and these reports have been made public in recent years. The
few reports which have been submitted have been from relatively large losses due to
catastrophic events (e.g. storms, boat collisions with cages; Whoriskey 2001).
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Governments itthis regiondo not maintain a specific program dedicated to the

detection of escaped farm salmon in rivers or in the sea. However, in New Brunswick a
nonrgovernmerdl organization (the Atlantic Salmon Federation) has maintained a
targeted research and monitoring program on interactions among wild and farmed
salmon, funded by private sector contributions and with grants from the New Brunswick
Wildlife Trust Fund andhte NB Environmental Trust Funbh addition, in both

countries governments and NGOs have established counting facilities on a limited
number of wild salmon rivers in the region, and fish entering these facilities are
screened for escaped farmed salmongctviare identified and counted using standard
techniques (e.g., DFO 1999, Baum 2000, ICES 2006).

In general, counts of escaped farmed salmon are highest in rivers near thefdaet
farming region, and much | owericRiverisr i ver s f
very close to the core of the industry, and has been used as an indicator site for

interactions among wild and farmed fish (Carr et al. B29poradic counts were made

of wild salmon returns to thilgofwildandr i n t h
farmed salmon since 199fgure 2.9). Wild runs have declined mripitously since the

198G when they were aboutODO per year. Numbers of escaped farmed salmon peaked

in 1994 when they outnumbered the wild fish by 10:1, and farmed escapee

outnumbered the wild fish by about 3:1 until 2005. In 2006, the number of escaped fish
entering the river declined to the lowest value in the time series, presumably due to

improved equipment and operating procedures, and reduction in production. 2006 wa

the first year since 1994 that wild fish outnumbered farm fish in river refdfos is

presently underway to document the genetic changes which occurred in the wild fish
population of this river due to the influx of farmed fish.
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Figu re 2. 9. Returns of wild and escaped farmed salmon to the Magaguadavic
River, New Brunswick, Canada.

Recent targeted studies on escapes in the region have shown that juvenile farmed
salmon are chronically escaping to the wild from hatchery sites, althlbegtumbers
of fish escaping is unknown (CarWhoriskey 2006, Baum 2000). A sonic telemetry
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study on experimentally escaped farm salmon from sea cage sites documented high
levels of mortality soon after release, and none of the experimental fish wectede
entering any salmon river in the region to spawn (Whoriskey et al. 2006).

At present, there is no requirement that f
marked to distinguish them from wild salmon. In Maine, to operate growers must

possesa Maine Pollutant Discharge Elimination System General Permit for Atlantic

Salmon Aquaculture. This permit is issued pursuant to requirements of Federal and

State law, and to protect wild salmon has required a ghasfenarking of farmed fish

since2004 Section | 4h of the permit states: NnE
pens must be identifiable through external means as commercially reared and
identifiable as to the individual facility

authorities mg, however, modify the terms of this requirement if circumstances
warrant. At present, farmed fish scale patterns are considered a commercial mark, and
other marks are genetic or possibly a right ventral fin clip (M. Young, personal
communication).

2.6 North American West Coast : Canada and US

Atlantic salmon are farmed on the West Coast, where the species is exotic. Farming in
this regionoccurs ina limited (< 6000 t per year) operation in Washington State in the
US, with most production in British Cattbia, Canadéfigure 2.10). The first reported

crop from the industry in both the US and Canada was in 1989, and combined
production peaked at a value of abou6D® t in 2002, declining thereafter. No plans

for expansion in the USA have been reportedritish Columbia, the industry would

like to expand, but has run into opposition and has had difficulty in getting new farm
sites approved. In 2005, US and Canadian West Coast Atlantic salmon farmers grew 54
000 t, about 4.3% of global production (ICES&D
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Figure 2. 10 . Production of farmed Atlantic salmon (t) on the West Coast of North
America. The upper ( -) and lower (V) lines are Canadian and US production,
respectively. Data source: ICES (2006).
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The Canadian Department of Fisheries and
of Agriculture, Food, and Fisheries have
Prograno fito study the abundance, distribution and biology of Atlantic salmon in

British Columbia and its adjacent waters. The ASWP monitors commercial and sport
catches and observations of Atlantic salmon throughout British Columbia, Alaska and
Washington in caperation with the Alaska Department of Fish and Game and the
Washington Department of Fish and Wildlife. Washington State also receives and
pubicizes reports of escaped ffsfPostings of escape numbers up until 2003 are

available on the web sites footh British Columbia, and Washington State. While

escapes have been reported from both freshwater hatcheries and marine cage sites, no
clear trend in increases or decreases in the number of fish released is evident and
captures of farrorigin salmon ocauregularly in wild fisheries despite the absence of
reports of escapes. This may reflect a tendency to report large scale catastrophic losses,
rather than ftr i&Flemiegd0B).osses (e.g., Weir

Independent research on the ecology, beh@&wnd mtential impacts of escaped

Atlantic salmon on the West Coast is being carried out (reviewed in&Wdieming

2006. Escaped farmed salmon have been found in more than 80 rivers in British
Columbia, with feral juvenile Atlantic salmon having been discedat three locations
(Volpe et al. 2000). Escaped farmed Atlantic salmon have dispersed widely in the North
Pacific Ocean (McKinnell et al. 1997).

The use of the exotic Atlantic salmon, a potential competitoP#&cific salmonidsn

cage culture on thwest coast of North America is controvergial/iewedin Nash

2001, Waknitz et al. 200®Vhoriskey 2003)However, persistent attempts to

deliberately introduce the species to the area historically failed. This has led some to
suggest that Atlantic salmn may be the best possible species to use here, to minimize
the impacts of an industrial farming industry upon wild salmonids. Others argue that a
steady release of escaped Atlantic salmon will ultimately result in a release of fish to the

O
m

wild at time hghly favaur abl e t o the speciesd widespread

impacts on wild salmonids. The debate continues.

At present, there is no requirement that
be marked to identify them. In Washington Statecallured fish aréaggedwith an

otolith thermal markn orderto distinguish escapeesiginatingfrom theStatefrom

those originating in nearby British ColumpfaanadgJohn Kerwin, Washington State
Department of Fish and Wildlife, personal communarai

2.7 Faroe Islands

The total production of farmed Atlantic salmon increased from 1 370 t in 1986 to
52526 t in 2003, but decreased agail8®62t in 206 (ICES2007). All farmed
salmon are produced in seaer cages, on 23 sitesww.industry.ng. There is a fish
farm in almost every suitable bay and fjord in Hagoelslands, and the production in
the sea has reached its natural ligimen currenfarming technology
(www.industry.no) Freshwater sites raise smolts, and most of the smoltearedrin

® www.pac.dfempo.gc.ca/scilaqua/ASWP_erh
® www.wdfw.wa.gov/fish/atlantic/comcatch.htm

34

f


http://www.pac.dfo-mpo.gc.ca/sci/aqua/ASWP_e.htm
www.wdfw.wa.gov/fish/atlantic/comcatch.htm

tanks in lanebased farms usingecirculatingsystems. Theecirculatingsystems have
solved the problem dfeshwater scarcity in the Fardslands (www.industry.no).

An annual average of 25®f farmed salmomasreported escaped from seaeain

the period 1992003 with escapesccurring abne or two localities every year (Marita
Rasmussen, Faroe FiBarming Associationpersonal communicatipnin 20042005,
there were no reports of escapBEse escapeaumbers are regarded as uncertAin

present there is no monitoring of escapes other than what the farmers note themselves.
Escapes are reported to the environmental authorities, but this is not enforced by law
(Marita Rasmussen, Faroe Fish Farming Associgpersonal communicatiprFish
farmers, however, are now requiredéportescapeso theveterinaryauthorities but

this has not been followed up by the veterimagasyet (Jan Arge Jacobsen, Faroese
Fisheries Laboratory, personal communication). However, a new electronitngpor
system will be available in 2007.

Currently, theres no monitoring of escaped farmed salmonatture inthe Faroesin

the early to mid 1990s, howeverpportions of escaped farmed salmonhe ocean

north of the Faroeseremonitored in the fiseries (see section on North Atlantic Ocean
above).

2.8 Australia

There was a gradual increase in the production of farmed salmon in Australia (i.e.
Tasmania) from 20 t in 1986 to a high of 16 800 t in 2005 (ICES 20@gjnania is the

main state in Astralia where environmentabnditions are suitable for Atlantic salmon
farming, though South Australia has some minor commercial operations. The salmon
farming is located in four distinct geographic areas around Tasmania (DPIW 2006).
Escapes of salmontmthe marine environment have occurred since the industry began
in the mid1980s, with escapes occurring in all geographical areas. Escapes occur both
through low level leakage and major escapes. The low level leakage over the course of
the growing cycleequates to around2 % of fish stocked, however included in these
figures are also losses due to predation by birds, sharks and seals. It is a licence
condition to report major largecale escapes (i.e. escapes in excess of 1000 individuals
at any one tira) to the Department of Primary Industries and Water. During-2006,

a total of 20800 salmon were reported escaped in Tasmania during 11 escape
episodes. The reasons for the escapes included storms in two cases, net tears in two
cases, a net hole ime case, loss during fish transfer in one case and unknown causes in
five cases (DPIW 2006).

Atlantic salmon is an exotic species in Australia. It is unlikely that escaped salmon will
form viable populations in Tasmania (DPIW 2006), but little is knolaouathe fate
and impacts of the escaped salmon.

2.9 lIreland

There was a gradual increase in the production of farmed salmon in Ireland from a level
of approximately 823t in 1990 to a high of approximately 280t in 2001.
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Production has subsequbrfallen for five consecutive years since 200110174t in
2006(Browne et al. 2007])This is the lowest annual production volume since 1996.
Salmon farms are principally located along Irel@ndest coast. As a result of licensing
restrictions therdas been little change in the distribution of farms since their
establishment

Fish farm operators in the Republic of Ireland have been required by law (S.I. 253
1996) to report on losses of salmon from their sites as a condition didberge

Information is provided to the Department@mmunicationsMarine andNatural

Resources (DCMNR) about the site location; the number, age, time at sea, and average
weight of escaped fish; the reason for the escape; and measures taken to reduce the
impact of theescape (Anor2004). Official statistics from this source indicate that
approximately 41900 salmon were reported to have escaped from salmon farms in
coastal waters of theepublic of Ireland in the period 192904 with an annual range

of 0-160000. There were no reports from the industry of escape incidents in 2004, 2005
or 2006

Salmon catches have been examined for farm salmon on a routine basis in Ireland since
1991, including fish from commercial landings and from the presro$éish dealers

(ICES 2006).The catch examined comprises principally drift net catches from the major
salmon fishing areas of Donegal, Mayo, Galway and Limerick and the South West
(Cork and Kerry). Generally between 20% and 50% of the declared catch is examined
specificallyfor escapees. In some areas the scanning rate is much, keigh&onegal,

Mayo and Galway arsavhere the aquaculture industry is mainly situated. The
identification of all escapees is based on a combination of external characteristics,
particularly abnomalities of the snout and opercula, and of the dorsal, caudal and paired
ventral fins Irish escaped fish are not subject to secondary examination such as scale
reading.

The average percentage of escapee salmon occurring in coastal commercial fisheries
from 1991 to 2004 ranges from less than 0.1%adnéyal to 0.6% in Mayo. However,

the commercial fisheries are operated for a short period of eight weeks in the summer
whereas most large scale escapes are likely to occur in the winter as a result of storm
damage to cages. There is no systematic reporting of fish farm escapees in river catches
in Ireland. However, a genetic study (Clifford et al. 1199& two rivers in the Donegal

region in 1993, 1994 and 1995 following an esaafi29 000 adult farm salnmain the

area in the spring of 19%howed that thproportion of juveniles of maternal farm

parentage in two rivers ranged from18% in 1993 to 2% in , 98B an average of 7%

in both rivers and a maximum frequency of 70% in an individual sample.

The amual prefisheries abundance of returning wild salmon to Irish rivers between
1996 and 2004 has been estimated to range from 49 2580 181 fish. The

spawning escapement of wild salmon, after both commercial and recreational fisheries,
for the same griod is estimated at between 178 949 and 395 581 fish per diDE

2006). The total reported number of farm fish escaping in the period 1996 to 2004 from
Irish farms was 415 000.
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2.10 | celand

The total production of farmed Atlantic salmon varietMsen 1053 t in 1988 and

6 300t in 2005(ICES2007. The Icelandic coastline is mostly open and rugged with
high tidal exchange and limited shelter to conduct cage rearing of fish in the sea.
Experimentatage farming conducted in the late 1980s motess confirmed this and
no sea cages were operating in Iceland after 1990 (NASCO 2006).

In 2000, there was a renewed interest incage farming of salmon, mostly in deep
sheltered fjords in eastern Icelamatd farming was started in three fjords i®20
(NASCO 2006) Recenincidentsinvolving stinging jellyfish Cyanea capillatdhave
reduced this interest (Arni isaksson, Agricultural Authority of Icelpedonal
comnunicatior). As an almost yearly occurrence on the east coast of Iceland in
Septembenarge swarms o€yanea capillataget squeezed into the cages andnboth
the skin and eyesf the salmonwith large mortality.The fish farm in one of the fjords
has already closed, aafter 2007, only one sezage facility with a current production
of 500t is expected to remain (NASCO 2006).

During the first period of sea cage farming in the 1980s, escaped farmed salmon were
recorded irsomesalmonrivers. The proportions of escaped farmed fish varied between
5 and 63 % in four monitored rivers i9&7-1989 (Gudjonsson 1991). Escaped farmed
fish entered the rivers later in the season than wild fish. The proportions of escaped
farmed fish were larger in S.Wedand, wherenuchof the salmorcultureoccurred

than in North Iceland.

Farms arenow required to tag approximately 10% of the salmon reared in sea cages
with coded wire tags (CWT). The Agriculture Authority of Iceland pays for the tags and
operates a tagging databdKeES 2006) Since this tagging was introduced in 2001,
more than 60000 snolts have been taggeahdreleased into cages. Out oése, only

one tagged adult has been recovered in an east coagiNASCO 2006) despite the
salmon rivers being fairly well monitored fooded wire taggArni isaksson,

Agricultural Authority of telandpersonal communicatiyn

Systematic screening for tagged fish relies on voluntary notification by anghen® is
no systematic screening of fish farm esesg®y the authorities. Thereassono
systematic monitoring along the Icelandic cbast becausé¢here are no sefsheries
for salmon.

The low recapture rates of C\Wt&gged farmed salmon are likely due to salmon farms
being located far from the salmon rivers and major escapes are probably infrequent
(NASCO 2006)Accidental farm escapeshouldbe reported to the authoritid€ES

2006) No significant accidental releases have been observed or reported, but in 2003 an
accidental release of@0 farmed salmon from a holding cage at a slaughtering facility
occurred due to a minor colligiavith a boat (NASCO 2006). Subsequentiye

escaped farmed salmon were reported from angling in three nearby rivers.

Since 2004, salmad farming in sea cagdsasbeen prohibited in fjords and bays close

to major salmon rivers (NASCO 2004 scapes rm sea cages are currentigt
regarded as a problem for wild Atlantic salmon populatioriseland(NASCO 2006).
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Salmon has been farmed in labdsed units since the 1980s (Gudjonsson 2006). There
are currentlyno landbased farms producing Atlantic san in any quantity for
slaughteringArni isaksson, Agricultural Authority of Icelandersonal

communicatioh The landbased farms are mostly used forgnowing of smolts,
sometimes tohe postsmoltstagebut also to a greater extent for productidrotiner
marine species. None of the labdsed farms are located in sensitive arglast of

these facilities have outflows which run directly into the Ssaolt farms, producing
smolts for commercial rearing, are required to have rotating screensrioutflaws.
Thereareno indicatiors of escapes from these facilitiedrni isaksson, Agricultural
Authority of Icelandpersonal communication

2.11 Other geographical areas

Relatively few farm escapees are probably found in the Baltic Sea (Fidk@@2&),

but sme escaped farmed salmueve beemecorded in Danish riveesven though there
is no Atlantic salmon farmin@Jepseret al. 2003,b), with up to 20% in some river
samples (Jepsen et al. 2@(3. Escaped farmed salmdave not beerecordedn
Estoniaand GermanyRare records of escaped farmed salmon have been rejported
Lithuania, Latvia, Poland and Sweden (Fiske 2006).

In Finland,there is no Atlantic salmon farming (NASCO 2@)%utthe proportion of
escaped farmed salmon has beemitooed n the TenRiverfisheries sine the mid
1980s(ICES 2006). This river holds one of the largest Atlantic salmon populations of
the world ands shared with Norway (lower parfhe proportion of escaped farmed
fish hasbeen low during the fishingeason (maximum 0.7%), but with higher
incidences later in theutumn with up to 4650% in some samples. However, the
sample sizes in the autumn have been small (ICES 2006).

There isonly one commercial marine cage rearing facility for Atlantic salmdrussia,
on the Kola Peninsula (NASCO 2005@nly one small scale leakage of salmon
juveniles has been reported from cagemnain-growing site at Trifonojarvi Lake in
2004 (NASCO 2005akEscaped farmed salmon from Norway might potentially spread
to Rusgan rivers on the Kola Peninsula, as one recapture was madeRivéreluloma
after an intentional release of farmed salmon in Southern Notdaysen 2006a

2.1 2 Escapes of juveniles  from freshwater hatcheries

Farmed salmon can escape from comtent both during juvenile freshwater stages in
hatcheries and from sea cages. Escapes from seaheageattractechostattention
whereadittle is known about the extent of parr escapes into ri@etssedrom juvenile
rearing units. The threat fromdufreshwaterescapes is generally insufficiently
recognized (Ferguson et al. 200

The occurrence of farm genotypes and the independent occurrence of mtDNA

and minisatellite markers in several parr samples taken from a river in Northwest
Ireland has sbwn conclusively that juvenile farm salmon that escape from a hatchery
can complete their life cycle, breed &rdnterbreed with native fish, upon their return
to the river as adults (Clifford et al. 1®4). In this study escaped fish were also found to
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home accurately, as adults, to the site of escape, i.e. the area adjacent to the hatchery
outflow in the upstream part of the river. Furthermore the return of adults of farm origin
to the river to breed was indicated in adults netted in the estuaryroféhen which

the hatchery was located.

In the Magaguadavic River on the east coast of Canada, 36%, 59% and 43% of the
juveniles sampled in 1996, 1997 and 1998, respectively, were identified as escapes from
commercial hatcherigStokesbury et al. 20010 1996, between 51% and 67% of the
smolts migrating from tis river were juvenile escapes from commercial hatcheries
(Stokesbury & Lacroix 199750me of these escaped juveniles were later found to
return to the river as adults, although survival atvegsmconsiderably less than that of
the wild salmon (Lacroix and Stokesbury 200%)ong-term monitoringorogramin the
Magaguadavic Rivef19962005) revealed that juvenile escapees outnumbered wild
salmon parr in most years (Carr & Whoriskey 20@caed juvenile salmon wer@so
recorded in 75% of the streams located close to freshwater hatcheries in New
Brunswick (east coast Canad&arr & Whoriskey 2006).

In those countries where juvenile rearing units discharge to wild salmon rivers, the
extent ofjuvenile escapet® these riversnay be substantial, although to date this has

not been adequately studied (Ferguson et alf)200New Brunswick Canadal8
commercial freshwater hatcheries were rearing juveml@®04 Of thesefour were

closed rerculating systems in which containment of fish should be 100%, five were
situated next to seawater, and nine had some form of discharge into freshwater
drainagegCarr & Whoriskey 2006)in Scotland, there are no regulatighat state that
commercial frehwater hatcheries should have outlets into the sea (Annie Hetherington,
Aquaculture Policy and Development, Scotlard)iceland, freshwater farms

producing salmon smolts for commercial rearing are required to have rotating screens in
their outflows, andre not located in sensitive areisNorway, discharge from

freshwater hatcherigs required tde into the sea. The survival and behaviour of
juvenilesalmon if they escageom such freshwater hatcherieso the sea is not

known.

In Chile most ofsalmon smolts (probably more than 70%) are still produced in cages in
lakes and riverésee chapter 2.3 scapes have occurred in lakeswith rearing sites

as evidenced by the presencalbfour species ofarmed salmonid§Atlantic salmon,

coho salmn, rainbow salmon andhinook salmon)n experimentaandrecreational
fisheries The salmonid biomass is often much ¢eeghan that of native species (Soto

et al. 2006)Atlantic salmon is preserand at times abundant in all the studied lakes
with sdmon farming (Soto et aR006). Theséish maycome from escapeas well as
intentional release$or example in Lake Todos Los Santos where there are no salmon
farmsand naturahccesdor fish is nearlyimpossible due tavater falls.The highest
repored abundance dftlantic salmon was in Lake Rupanaghere it accounted for
35%the catch duringxperimental fishing (Soto et. &002). In generahowever the

fish hada low condition indexsuggestingthat feeding conditions wepoor.There are

no regoorts in these basins and rivers of reproductive returns of this spEuges st
abundant fistare rainbow trout andrown troutSalmo trutta whichwereintroduced
speciegrior to aquaculturand are believed tohibit the establishment of other
salmaids (Soto et al2006, Basulto 2003).
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2.1 3 Methods toidentify  and monitor escaped farmed salmon

Outside the native range of Atlantic salmon, escaped farmed salmeass®o

identify whenencounteredh nature. Within the native range, escapeth&dsalmon

might be moralifficult to distinguish from their wild counterparSeveral methods can
be used to distinguish escaped farmed salmon from wild salmon, which are based on
external morpholog scale characterbjochemical markergffects of vacinationand
geneticgreviewed byFiske et al2005).

Morphology and scalecharacters

Farmed salmonandiffer morphologically from wild salmon in several wagsortened
gill covers such that the gills are visible when the covers are normally ctysmrd/jaw
deformationsbud fins (when dorsal or pectoral fins are worn down to a cartilge
hump where the rays an® longelvisible); wavy rays on dorsal or pectoral fins

rounded tail lobeshigher numbesof dark spots below the lateral lifleund et al. 1989
Fleming et al. 1994;iske et al. 2008. Newly escaped farmed salmon may be
identified with near 100% precisiarsingmorphological criteria. Howevein some
instancs fin damage might recover after some time in nafgteming et al. 1994)and

in one study only5% ofsamplef hatcheryreared smolts could be classified
correctlyas being of hatchery origlny these criterigLund et al. 1989)Farming
practisshavechangedsince und et al ., éndthdotcarB®c¢ of Bnt u d y
defamitieshasdecreased as a consequence of more refined rearing techniques, making
morphological characteristics less suitdileidentifying escaped farmed salman
present (Fiske et al. 2086 Shortened gill covers, snout/jaw deformations and bud fins
normally result in downgradingf fish qualityat harvest with consequent severe
reductions in market pricepnsequently the industry is making a concerted effort to
reduce the incidence of such deformifi@ames Ryarpersonal communicatipn

Escaped farmed salmon with shortened gill -cover
and wavy rays on pectoral fin.
Photo: Eva B. Thorstad

At least sixtraits that influence scale characteristidféer between wild and farmed
salmon including smolt size, siolt age, transition from fresh water to salt water, sea
age summemgrowthandscale loss anteplacement (Lund et.a@989, Lund & Hansen
1991 Fiske et al. 200%. The combined use of the charactésticsin a score system
correctly classified 97% oafmed salmoand55% of recaptured hatchergared
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