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Background

The continuing global decline dhe wild fish stockshas been accompanied by a parallel
increase in aquaculture. Over the past ten years, worldwide production of farmed fish has
more than doubled, with farming activities now producing half of thediskctly consumed

by humansSimilar trends are seen for shellfish.

The potential for genetic effects of aquaculture on natural fish populations have aroused a

great deal of concern among scientists as well as the general public. The perceived risks are
often associated with cultured and native fish, and the adverse effects of ecosystem

interactions. Public health issues are also a matter of concern.

The project Genimpact, financed by the European Commission, started in November 2005 to
review existing knovedge necessary to assess genetic effects of aquaculture on biodiversity,
review future research needs, and disseminate this information to a wider public. To achieve
this, Genimpact convened a series of expert workshops on risk assessment and intgrbreedin
and aquaculture ecosystem interactions:

- Genetics of domestication, breeding and enhancement of performance of fish and
shellfish, Viterbo, Italy, 1217 June 2006

- Monitoring tools for evaluation of genetic impact of aquaculture activities on wild
populdions, Tenerife, Spain, 181, October 2006

- The use of modelling to assess the risk of genetic impacts on wild populations from
escapes of cultured fish, Pitlochry, Scotland, UK, 1I5February 2007

The gaps in our current knowledge, and the suggestedroéspriorities identified during
these expert workshops were discussed with stakeholder representatives during a fourth
workshop:

- Development of management options to reduce genetic impacts of aquaculture
activities, Thessaloniki, Greece,-22 April 2007.

The discussions held in Thessaloniki were us
of the arto as regards genetic impact of f ar
management, stock conservation and environment safety.

The oucomes of the workshops were presented and made available for public discussion in
the I nternational Symposium on AGenetic | mpeé
in Europeo. The Sy mMpdys2007 nim Berges, Ndrveay, @ ceotre for2

marine science in northern Europe close to areas with large farming activity of Atlantic
salmon and advanced research facilities for new aquaculture species such as Atlantic cod.

The Symposim, hosted by the Institute of Marine Research in Nonaayg coorthated by

T. Svasand, was attended by key figures from science, industry, NGOs and governmental and
intergovernmental organisations (see Annex V). The symposium offered an opportunity to
take part in defining the European agenda with regards to managemts threat and
setting future research priorities. More than 60 participants from 12 countries attended.

This report focuses on the discussion held at the Symposium and further research priorities.
Further gmposium detaills can be found in the repoAnnexes, and at:
http://genimpact.imr.no
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Overview of Discussions

The themes, results, topics and issues presented at the four previous Genimpact workshops
were discussed with Symposium participanifie text béow takes into consideration
comments from symposium participants, but is remeassarily consensus statements.

The discussion evidenced that there are still major research gaps to be filled, in particular in
relation to the differences in species biologgd how this affects interaction outcomes, and
levels of present knowledge available for the different species. Addressing these gaps in the
near future needs to be a key research priority.

This research is essential for the definition and establishimiethe best management
practices to minimise the genetic impact of aquaculture activities on wild populations. The
maximum number of escapes which might be able to be sustainably tolerated is likely to vary
among the different species considered, thoughnfost species there is still not enough
information available on wild populations and on the fitness of escaped individuals in the
wild.

Building on this basic work, it was generally agreed that more research is needed to
understand the real negative imopaf escapees. Besides Atlantic salmon, for which a lot of
work has been done, there is virtually no or limited information for most other species.

Biological work needs to focus obasic population demographicstudies and better
understanding of thieiology andecologyof each species in the wild. Given major differences

in speciesd biology, comprehensive studies
develop appropriate measures and policies to properly manage the potential interactions
relating b each; to be successful, management strategies need to be planned at a species level

In combination with this, the following are also seen as key research concerns:

- Understanding of thpopulation genetic structure of tlspeciesone of the first ans of a
conservation genetic programme would be to identify the population(s) to protect. Wild stocks
composition and structure must be evaluated, but for some species, even the definition of
what is apopulationis still a problem. The definition of pomitlons is also needed in order to
detect possible local adaptations.

- Accurate knowledge fasite selectiorof hatcheries: this includes insight into spawning sites

of wild populations, migration routes, etc, since a relationship certainly exists bdawaen

location and genetic impact on wild populations. Based on the underlined knowledge of
genetics and demography, it owi || appear that
notice that some species could be managed in the same area: intelsatiien species are

possible (genetic, behavioural interactions). Therefore, since species belong to a community,

an ecosystem approach is needed in many cases in order to protect the wild populations.

- Development of realistic predictive models for redsessment: the implications of the basic
empirical knowledge collected must be comprehensively assessed in a formal, objective
speciesspecific biological frameworks or models. However, useful models cannot yet be
developed as basic knowledge on thedggland ecology of the species is missing, with the
possible exception of Atlantic salmon. For example, critical to the development of such
models is an understanding of the fitness of farmed strains in the wild, something about which
nothing is known in rost species. In this regard, the importance and the applicability of
molecular markers for assessing the actual reproductive success of both farm and wild
individuals in nature was stressed.
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There was a general acceptance that technical improvement fordthstryare needed to

limit the number of escapes from hatcheries and the pressure posed on wild populations. It

wa s stressed that, I n relation to this, i
underpinned by legislation.

There were two views onlvatlevel of escapeshould be regarded as acceptable:

- The concept of zero escapes: this was supported by some participants although this
target is impossible to achieve at least for the foreseeable future for most if not all
farmed species.

- Othersagreed hat , since the notion of Ano escap
of escapees should be determined. In such a case results on acceptable levels will be
species specific and case dependent. Additionally, the impact will always depend on
the recipiat population size.

Much discussion concentrated on the importance of genetics and the application and
development ofmore molecular markers. It was fétiat molecular markers can be expensive
but escapes also have high economical costs. Nowadays, hpweelksrcular genetics
technology is improving and prices are decreasing, thus creating an optimistic future for the
use of genetics in the aquaculture industry.

Nevertheless, apart from random rwmding DNA molecular markers, much more
information is neeed on actual DNA regions undselection durinchatchery practices. In

this regard, the identification of markers linked to QTLs (locations in the DNA which control
the expression of quantitative traits) would be useful and is needed. It was pointedtout th
breeding stocks are under a continuous process of strain development, as a result of
domestication and selective breeding, and genetic changes in these cases can be expected to
be great enough to allow thgentification of farmed fishegherefore, remsarch on this topic

would be invaluable for the identification of farm fish in the wild and for the discrimination of
different farm strains. It was indicated that the ability to identify escaped farm fish in the wild
could be considerably enhanced by sty for discriminating molecular markers as part of
breeding programmes.

These remarks also served to underline a more fundamental point, that we need to better
understand thdomestication processd thegenetic architecture of domesticatitmnidentfy

what genes are changing in culture. This will both help to identify the most useful markers of
farm fish as well as to understand the genetic basis of fithess differences between farm and
wild fish. With regard to the latter, it is essential that gemomork be carried out in
conjunction withfitness studies in the willcommon garden experiments) which assess the
relative performance of farmed and wild fish.

The question of creatingterile strains for farming withtechniques such as gametic
sterilizaion, polyplods and hybrids was also rais&terility of farm escapes would help to

avoid impacts associated with interbreeding. However, it was again clear that more research is
necessary before the quality of sterile fish which can be produced isoalileaquaculture

needs. To ensure that fish produced meet aquaculture needs, research should be formulated
and performed in collaboration with the industry.

The use of sterile fish will not address all the potential impacts of escapees on wild
populatims. Even if sterile, farmed fish could threaten wild populations through competitive

or disease interactions e.g. sterile fish may increase densities on spawning sites, exhibit sexual
behaviour or compete for food. Thus research is also needed into thgyeagbescapees in

the wild.
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All participants agreed that the environment is changing fast (due to global change,
fragmentation, isolation) and that this is likely to affect the nature of interactions and their
outcomes. There was general agreement tleahave to take this into account in the future
possibilities and threats to the adaptation of wild stocks (populations). Everyone, scientists
and stakeholders alike, agreed that the protection and conservation of wild populations is a
principal that mustgjde any policy on the decrease of escapees.
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Areas of Research Priority

The Genimpact Steering Committee met after the Symposium to consider the points raised in
the discussions regarding the priority areas for research. They considered those afreas whic
were key to informing the development of management approaches to address-eultlired
interactions which will aid the development of a sustainable balance between aquaculture and
the need to conserve wild fish stocks. Following this, the list of foority research areas

was distributed for comment among the contracting partners of Genimpact, and then among
all the participants of the Genimpact symposium.

The list of these four priority research areas set out below (not in order of importance) takes
into consideration comments from Symposium participants, but is not necessarily a consensus
statement.

Baseline demographic and genetic information onHigory and structuring of wild
populations of key EU aquaculture species to monitor aresatke actual genetic
impact of aquaculture activities

Elucidation of the gnomic architecture of domestication in key European -aqua
culture species to advance understanding fitness differences between wild and
cultured stocks, and to identify dosffective molecular markers for tracing farm
stocks/individuals, and assessing levels of introgression of farm stocks into wild
populations.

The development, parameterisation, and field corroboration of simulation models to
investigate, across ¢hfull range of interaction scenarios, the direct and/or indirect
genetic interactions of cultured individuals with wild populations in key EU
aquaculture species, including conducting common garden experiments to measure
fitness differences and surveysmeasure actual levels of mixing and introgression.

IV. Development of practical technologies for the reproductive isolation of farmed species

from wild populations using triploids based on the development of commercial
protocols for triploidisation and ¢hevaluation of the biological and economical
performance of triploids both in wild as well as hatchery conditions

These general areas of research priority are considered in more detail below.
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|. Baseline demographic and genetic information on lifdnistory and structuring of wild
populations of key EU aquaculture species to monitor and assess the actual genetic
impact of aquaculture activities

Basic biological information on the life cycle and ecology in the wild of the cultured species
considered is neled to understand how farmed individuals interact with the wild fish, and
how this may depend on the life stages and places where they are intentionally or accidentally
released. Much work is underway or has been carried out for species as Atlantic @atimon
Atlantic cod, but for most of the other species little is known, in particular about the effective
and census population sizes, spatial distribution throughout their life cycle, spawning grounds
and behaviour, and migrations. Particular emphasis nedmsplaced on the species breeding
biology andearly life history traits, such as the dispersal and survival of early life stages.

Research is also needed into the genetic character of both natural as well as hatchery
populations over the whole geogragdli range of the species using standardised sets of
genetic markers. Emphasis should be given to filling in sampling gaps in respect of what work
has already been done, using as appropriate historical archived material (scales, otoliths,
preserved soft t&ie) of previous investigations.

The work needs to address the following specific issues:

- species structuring into genetic populations including identification of molecular
markers for important biological traits which vary among populations in different
regions of the species distribution range

- baseline data to provide for more sensitive monitoring of impacts

- wild origin of broodstocks and their subdivision in different reproductively distinct
strains, the distribution of strain use in the industry &ednature and extent of their
genetic differentiation

- the extent of local population adaptation, which represents the basis for the
identification of critical genetic resources for conservation

- improved collaboration between scientists in capture fishandsaquaculture as well
as others involved in harvest, management or breeding of a particular species, to better
address the assessment and monitoring of the extent of genetic impacts that farm
escapes may have on wild populations.

Expected impactWork on this research priority will

- improve wild stock conservation by helping identify needs for maintaining viable
populations

- see future development of thguaculture industry in a way which more effectively
provides for the sustainable -@xistenace of dured and wild populations

- increase the capacity for developing useful models which can help to predict and
understand the nature and extent of impacts of cultured species on wild populations
across the full range of interaction scenarios.
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[I. Elucidation of the genomic architecture of domestication in key European
aguaculture species to advance understanding fithess differences between wild and
cultured stocks, and to identify cost effective molecular markers for tracing farm
stocks/individuals, and &sessing levels of introgression of farm stocks into wild
populations

Despite the discoveries and advances in genetics and genomics, their applications in the
conservation of natural resources, in fisheries and aquaculture are still either fragmented or
underdeveloped.

Databases of produced genotypes and of the genetic material of voucher specimens are
needed fokey European aquacultuspeciesn order for European Science to take advantage

of the previous efforts that have been spent on genetic asabfjghese species. Numerous
works with various molecular markers exist, thus theoretically some molecular tools (many of
them supposedlgeutral) are available for tracing aquaculture escapees and investigating their
fitness in the wild. However, for ebng comparative studies and data analyses on each
species and fully exploit existing research, standardization among studies and marker
characterization should be performed. This should include sampling design, appropriate use of
controls, replicate sceming within and between laboratories and wa@ibration of protocols

and results of different laboratories. A particular concern as regards data base integration
how to minimize genotyping errors (which have often proven to significantly affedtsiesu

The changes in the genetic architecture of wild populations when brought under farming
practices (i.e. the DNA regions involved in domestication) should be tested and employed to
design coseffective markers for tracing farmed escapees and thtsprafg. Association
studies between specific phenotypes (domestication) and possible linked DNA regions (QTLS,
single genes, regulatory DNA regions, regulatory RNA) are a prioritykéyr European
aguaculture species. Existing and ongoing genomics progeanQTL maps, ESTs databases
and microarrays are tools of interest for such purposes. Where genomic resources are still not
available for species of interest, searching for functional polymorphisms and differentiation
between wild and farmed individualeauld be carried out. SNPs in functional DNA regions
involved in domestication will be valuable markers for farmed finfish and shellfish, and also
of potential use in aquaculture selective breeding programmes.

Expected impactWork on this research pridy will

- increase the effectiveness of monitoring of levels of cultured fish in the wild and of
genetic interbreeding with wild fish by providing mopeactical and accurate
monitoring tools

- reduce impacts by using increased understanding of the extemiasun@ of impacts,
and how they occur, as a result of domestication and selective breeding in culture, to
identify the optimal way of managing aquacultdexvelopment to minimise impacts
wild populations

- increase the capacity for developing useful n®dehich can help to predict and
understand the nature and extent of impacts of cultured fish on wild populations
across the full range of interaction scenarios
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lll. The development, parameterisation, and field corroboration of simulation models to

invegigate, across the full range of interaction scenarios, the direct and/or indirect
genetic interactions of cultured individuals with wild populations in key EU
aguaculture species, including conducting common garden experiments to measure
fitness differences and surveys to measure actual levels of mixing and introgression

This research priority encompasses the following information needs, including some already
identified:

To develop predictive computer simulation models for evaluating the impacts afedultu
fin or shell fish on wild populations across a range of interaction scenarios for all species

To identify the essential elements of the -lifgcle and demography of species or
populations of interest and identify information needs

To establish the exte of introgression of cultured individuals in natural populations

To study demographic and fitness differences, and the consequences of introgression,
using common garden experiments or other appropriate field or laboratory studies

To use modelling and ber approaches to study the genetic architecture of the
domestication and selective breeding and increase understanding of the genetic basis of
fitness traits

To identify causative polymorphisms that underlie genetic basis of fitness traits, including
defining the role of specific fithess related genes, such as MHC, in the differentiation of
wild and cultured populations

To explore spawning behaviour and spawning interactions between farmed and wild stocks
and define actual numbers of breeding interactem levels of introgression, in relation
to numbers of cultured individuals in the system

To estimate size of wild spawning populations in relation to numbers of escapes or
cultured individuals

To study dispersal and migration of escapes
To investigate themportance of density dependent processes in population demography

To evaluate the consequences of deliberate replacement/supplementation of natural
populations by cultured individuals.

Expected impactWork on this research priority will

- improve policyand management practice by having better, more realistic species
specific predictive models which can provide essential spepisfic insight into
expected impacts across a broad range of potential interaction scenarios

- better target future research the biology and genetics of the species in question,
both in the wild and in culture, by helping to identify the most critical processes and
information needs for predicting impacts.
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IV. Development of practical technologies for the reproductive isolatio of farmed
species from wild populations using triploids based on the development of
commercial protocols for triploidisation and the evaluation of the biological and
economical performance of triploids both in wild as well as hatchery conditions

Reprodictive genetic interactions between escaped cultured fish and wild populations has the
potential to lead to severe negative impacts on wild populations. Furthermore, species such as
Atlantic cod and European seabream can spawn in net pens, and fergtigefioen cultured

stocks could be released in the wild. Thus the production of cultured individuals which cannot
reproduce is highly desirable.

Triploids are sterile and their use in aquaculture and restocking has been recommended by
several internationadbrganizations (NASCO, FAO, ICES, etc.) in order to limit the genetic
impact of escapees on wild populations. In addition, their use has been proposed as a solution
to the problem of the containment of GMOs. However, the application of triploidy and other
methods in commercial culture remains to be fully assessed and optimized.

The commercial application of triploidy, already used by the European aquaculture industry in
some species as Rac oyster and rainbow troutshould balance the advantages the
inconveniences since triploidy affects several characteristics of the animal (survival, growth,
reproduction, etc.) and further research are needed in severaleyaabng the potential use

of triploidy to limit the genetic impact of escapees on wigylations

This general research priority addresses the following more specific needs:

To increase knowledge of the physiology and gene regulation in triploids (hormonal and
immune status, functional genomics) reared in optimal ooptimal farming condions.

To understand, by using a range of experimental approaches, the mechanisms by which
triploidy affects reproduction, particularly gametogenesis, which are still poorly
understood and should be investigated

To assess the performance of triploids uno@h normal and adverse conditions (stress,
lower water oxygen concentration, presence of pathogens) together with their viability
assessed in comparison with their diploid counterparts

To evaluate the biological and economical performance of tripiaidifferent types of
farming environments such as ponds (carp, European catfish), sea Eaggseénsea
bassgiltheadseabream, Atlantic cod), concrete racewalsifopearsea basgjiltheadsea
bream, turbotAtlantic halibut, freshwater salmonids,usgjeon) and recirculated systems
(marine fishes) and under the best environmental conditmasiénsity, oxygen level),
and to also evaluatthe organoleptic properties of triploids throughout the .year

To determine the performance of escaped triploidfie natural environment, taking into
account possible species differences and sex, and addressing relevant traits such as
survival, competition for resources and reproductive performance and behaviour

To evaluate, develop or improve commercial tripiédion and monosexing protocols. For
GMO containment purposes, 100% sterile triploids are required and must be verified on an
individual animal basis. For neBMO production purposes, 100% sterility is less critical
but protocols should be optimized.

To develop research in sociology, so@conomy and ethics applied to the development of
sterile fish and shellfish farming and consumption to support social debates between
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research, the industry, NGOs (environmental, welfare, consumers), stakeholders and EU
representatives.

Expected impactWork on this research priority will

- improve awareness of genetic technologies for producing sterile cultured fish and
shellfish

- develop practical approaches for important aquaculture species in European for
exploiting eisting technologies to sterilize individuals under normal production

conditions

- increase the likelihood of eliminating impacts of direct interactions of cultured and
wild aquaculture species associated with their interbreeding

- initiate social debateto identifythe potential process for the transfer of sterilization
application from laboratories to the EU consumers and the citizens.
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15 July 2007

17:0019:00 Registration

19:0021:00 Welcome reception at the hotel

08:0009:00 Registration

09:0009:05 Welcome by the Managing Director, Institute of Marine Research, Tore
Nepstad

09:0509:15 Opening by theState Secretary, Ministry of Fisheries and Coastthiss,
Vidar Ulriksen

09:1509:30 Richard Bates (European Commission, DG Fisheries and Maritime Affairs)
Background for th&enimpact coordination action

09:3009:50 Terje Svasand (eordinator Genimpact).Presentation of the Genimpact
project

10:00-:12:00 Theme 1. European aquaculture. How does Europe address the challenge
of genetic impacts caused by a growing industry?
Chair: Gudrun Marteinsdottir (Iceland)

10:0010:20 Richard Bates (European CommisgiorAquaculture and environmental
interactions- the EU Strategy

10:2010:50 Coffee break
How can the NGOs and integovernmental organisations meet this
challenge?

10:5011:10 Maren Esmark (WWF)World Wide Fund for Nature and aquaculture (WWF).

11:1011:30 Malcolm Windsor(NASCO).Safeguarding vid Atlantic salmon from genetic
impacts of salmon aquaculturehe role of NASCO
How will the industry meet this challenge?

11:3011:50 Havard Bakke (Norway)rinfish aquaculture.

11:5012:30 Discussion

12:30- 13:30 Lunch

13:30-18:30

13:30-14:00

14:0614.20

14:20:14:40

14:4G615:00

15:0615:20

15:20:15:50

Theme 2. Current state of the aquaculture industry and of wild stocks of
key finfish and shellfish species cultured in Europe

Chair: Donatella Crosetti (ltaly)

Donatella Crosetti (Italy)Overview, main findings and research priorities
Theme 2

Case tudies

Knut Jgrstad (Norway).Cod farming in Norwayi
experimental studies

Philip McGinnity (Ireland).Genetic impacts of cultured Atlantic salmon on

wild populations

Antonios Magoulas (GreeceAquacuture genomics of seabream and seabass
at HCMR

Andy Beaumont (UK).The potential genetic impact of the aquaculture of
shellfish in Europe

Coffee break

new results from
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15:5616:10

16:1616:30

Lorenzo Colombo (Italy)Genetic engineering in Aquaculture: Possiieks
and limitations

Francesc Piferrer (Spairl)se of triploids limit the genetic impact of escapees
on wild populationg status and prospects

16:30-18:00 Poster session

For each of the 12 species/groups of species considefednmpact, posters
presented updated knowledge on interaction between cultured and wild fish
and shellfish, recommendation of specific research priorities for the future,
status of the fisheries and aquaculture, and implication for practises.

- Atlantic salmm (Eric Verspoor)

- Atlantic cod (Knut Jgrstad)

- European sea bass (Pierrick Hafjray

- Gilthead sea bream\fitonios Magoulas

- Turbot Delphine Dananchgr

- Carp (Martin Hulak)

- Atlantic halibut (Kevin Glover)

- Scallops (Solveig van Nes)

- Oysters (Pierre Boudry)

- Mussels (Andy Beaumont)

- European lobster (Alex Triantafyllidis)

3" July 2007

09:00- 11:00Theme 3. Tracking cultured fish and assessing their impact in the wild

09:0609:30

09:36:09:50
09:5610:10
10:1610:30
10:36:11:00

11:00-12:30

11:0611:30

12:0612:30

12:30:13:30

13:30-16:00

13:30:14:00

Chair: Eva Garcid/asquez (Spain)
Eva Garciavasquez (Spainverview, main findings and research priorities
Theme 3

Case studies

Tom Cross (IrelandMethods of studying witdeared interactions
@ystein Skaala (Norway].racing escaped salmoa its sea cage of origin
Discussion

Coffee Break

Theme 4. Predictive and risk assessment tools for guiding management
and policy development

Chair: Eric Verspoor (UK)

Eric Verspoor (UK)Overview, mainihdings and research prioritieSheme 4

Case studies

11:3012:00 Kjetil Hindar (Norway)Modelling from experiments on farmed
and wild Atlantic salmon in nature.

Discussion

Lunch
Theme 5. Management challengs and options
Chair: Terje Svasand (Norway)

Alex Triantafyllidis (Greece). Mainresults of the discussions with the
stakeholders at the Thessaloniki workshop
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14:0614:20

14:2G:14:40

14:4G615:10
15:1615:30

15:36:16:00

Case studies

David Hay (UK). Bringing industry, government and wildsh interests
together- the Scottish experience

Terje Magnusen (Norway)Management of the aquaculture industry in
Norwayi Status and challenges

CoffeeBreak

Basil Stefanis (Greece). Management of the aquaculture usdry in
Mediterranean Status and challenges

Discussion

4" July 2007

09:00- 11:00Theme 5.Management challenges and options (cont.d)

09:0609:30
09:36:11:00

11:00-11:30

Chair: Francois Bonhommg@-rance)

Introduction to the discussion

How to proced from here Is it possible to get consensus amongst scientists,
industry, NGOs and policy makers to integrate the scientific basis for the
establishment of preventive measures European marine aquaculture?

Summing up and closing
Chair: Teje Svasand (Norway)

11:30-12:30 Lunch

12:3071 17:00 Optional visiting tour to Matre Research Station
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Opening Address

V. Ulriksen

State Secretary
Ministry of Fisheries and Coastal Affairs, Norway

Ladies ad Gentlemen,

First of all, thank you for inviting me to the opening of this symposium on genetic impacts of
aguaculture on native fish populations! This is an important field of research and | dare to
claim that we are meeting that challenge here in Eirop

| am particularly pleased to thank the Institute of Marine Research for having coordinated this
large European projedt the Genimpact projectand now for hosting the last symposium

within the framework of this project. The Institute of Marine Redeard s my Mi ni st r
institution for providing scientific advice and recommendations when it comes to genetic
impact on wild populations.

Aquaculture is important to Norway and to Europe. The worldwide demand for seafood is
growing rapidly. Fishery resoces are limited and aquaculture is a way to narrow the
otherwise increasing gap between production and demand.

Additionally, aquaculture is not only a mean to supply the population with fabélso
positively contributes to a viable rural developmentniany countries, including Norway.

The history of Norwegian marine farming is a fairytale telling history of the development of

an expansive and dynamic export industry. Be
is limited. Norwegian aquaculture iastry therefore exports about-96 per cent of its

production to about 150 countries all over the world.

Aquacul ture is Norwayds third | argest export
Norway was the fblargest producer of seafood in therld (with a production on 3.3 mill

tons). In 2006 Norway was the world second largest exporter of seafood with export valued at

4.4 mill EUROs, 62 % of that export were destined to EU countries and for the first time, the
value that came from aquacukuexceeded the value coming from traditional fisheries.

This clearly demonstrates how important aquaculture is to Norway and to European
consumers. Secondly it demonstrates how important it is to conduct our aquaculture in a
sustainable manner. The potahtfor further expansion of aquaculture implies many
challenges, including sea lice, fish health issues, ecological impact of organic emissions,
public perception of aquaculture and market access.

I will use this opportunity to talk about two major antbsely related challenges to
Norwegian aquaculture tod&yescapees and the genetic impact of aquaculture on wild stocks

T and how we try to counteract these problems by proper management based on the best
scientific advice available and a precautionaryrapch.

A new Aquaculture Act entered into force in 2006 with the aim to promote the profitability
and competitiveness of the aquaculture industry within the framework of a sustainable
development and contribute to the creation of value on the coasGauanment has within

this legislation worked to ensure environmentally sustainable aquaculture.

As examples | can mention ban on release of farmed salmon in National Salmon
Watercourses (NSW) and National Salmon Fjords (NSF). These are fjords and watsco

Genimpact symposiuneport20



that harbour particularly valuable salmon strains. In order to prevent escapes from farms
several countemeasures have been initiated from Norwegian authorities, among them strict
requirements regarding technical standards for constructions thatsadein fish farms
(NYTEK). Then | will particularly mention that our Minister of Fisheries and Coastal Affairs

last year appointed a dedicated Commission on Escapes from Aquaculture, at about the same
time as the Directorate of Fisheries launched thetroA Plan and strategy for zero escapes.

In principle the same preventive measures apply to cod.

Annually the Directorate of Fisheries executes technical controls on about one third of all
edible fish farms to ensure they operate their farms in an emvawotally responsible manner.

It is a fact that while there is a steady increase in the number of farmed Atlantic salmon and
cod in Norway, the wild stocks of the same species are considered endangered. Wild Atlantic
salmon stocks have decreased drastical the three last decades, both globally and in
Norway. There are numerous threats to wild salmon stocks. Some of these are related to
activities in rivers and fjords. Similar considerations apply to cod. Escapees of farmed salmon
and cod, spawning actty and interbreeding with wild populations are considered risk factors

for the wild stocks. Nonetheless, there still are questions related to the degree of impact on
native populations caused by aquaculture. How large are in fact the consequencesisid the
related to genetic impact on wild stocks caused by Norwegian marine aquaculture, or maybe
by European marine or freshwater aquaculture.

With such important unsolved questions, research in this field is essential. Not at least
because of the need farcientific advice on how to optimize rearing conditions and
management procedures in farms in order to minimize the consequences and the risk of
negative genetic impact on native populations caused by aquaculture.

| then have some closing remark§¥e knowthat only through sound management practices

and sound science will we be able to conquer the challenge of genetic impact and win the
consumer 6s confidence, and furthermore ensu
delicacies from our clean watersdgoroductive oceans for the foreseeable future.

From what | have been informed and can read from the program and the Genimpact website,
there are several interesting ongoing projects that may provide interesting answers to the
guestions that | have addredshere.

To me it is a paradox that the use of indigenous species such as salmon and cod for fish
farming in Norway seem to bring about more debate and questions than the use of rainbow
trout, an alien species in Europe.

Finally I want to inform you thathe Ministry of Fisheries and Coastal Affairs have
established the websit@ww.fisheries.no This website is Norway's official website on
seafood production and seafood safety, resource management and aquacokgenmaat. |
hope you will use this site to find information.

Thank you for your attention! And good luck with the symposium.
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GENETIC IMPACTS FROM AQUACULTURE: MEETING THE CHALLENGE IN
EUROPE

R. Bates
DG Fisheries & Maritime Affairs, European Commission

The presentation will introduce EU policy and legislation relevant to aquaculture and its
environmental interactions, particularly genetic impacts related to aquaculture activity. It
begins by examining the drivers for the integration of environment pwitoyfisheries and
aguaculture policy and goes on to examine the relevant legislation which is now in place.

The Commission drew up its first strategy for the Sustainable Development of European
Aquaculture in 2002 in the context of the updating of then@on Fisheries Policy at that

time. This addresses various environmental concerns, including those of escapees, alien
species and GMOs. It pointed to the fact that escapees can causertormtamage via loss of
genetic diversity and that alien species ¢ead to biodiversity threats and disease and
expressed concern regarding the possible use of transgenic fish without containment. It stated
that the Commission would undertake an examination of these risks and ways of dealing with
them.

Following the Eaftt Summit at Rio de Janeiro in 1992 and the Rio Declaration on the
Environment the Commission on Sustainable Development was established and the
Biodiversity Convention was agreed. In this context changes were made at EU level to take
on board these new Upblicies. Integration of environmental protection requirements into all
Community policies became an obligation under Article 6 of the EC Treaty (Amsterdam
Treaty 1997). In 1998 the Council meeting in Cardiff (Cardiff process) requested that
integration stategies be developed in different policy areas, including fisheries.

The European Community Biodiversity Strategy communication was adopted by Commission
and endorsed by Council and European Parliament in 1998. In 2001 the Biodiversity Action
Plan for Fidieries was published and it introduced an action plan on aquaculture involving the
following elements:

- Reduction of environmental impact including the loss of genetic diversity for
species such as salmon;

- Limiting the introduction of new species and seegranimal health, including
promotion of guidelines on containment of farmed fish in aquaculture;

- Research to provide enhanced knowledge related to aquaculture, including genetic
impact.

Linked to the above and following agreement on a Sustainable Dewato8trategy for the

EU (SDS) in Gothenburg in 2001 a detailed strategy for sustainable development in fisheries
and aquaculture was published in 2003 involving a new focus on Environmental Impact
Assessment, structural funding to focus on better envirotah@erformance and financial
incentives for participation in the EU's EMtanagement and Audit System (EMAS). The EU
SDS was renewed in 2006 with an obligation for the Member States to submit a progress
report every two years beginning in autumn 2007.

Legislation to deal with the threats posed by the introduction of alien species was finalised in
2007. Council Regulation 708/2007 concerning use of alien and locally absent species in
aquaculture deals with biodiversity, but not disease issues, whicheasaitifect of separate

legislation. From 2009 a permit system will be introduced at the level of Member States for

Genimpact symposiuneport22



alien species which in certain circumstances environmental risk assessment will be required.
The Regulation introduces requirements for quiaman pilot release and also has a list of
potentially exempt species has been used in Community aquaculture for a long period of time.

Containment in aquaculture is currently regulated at Member State level and in the context of
the NASCO Guidelines on @tainment and the NASCO Williamsburg Resolution. The
Commission examined the need for binding EU legislation in this area in 2004 and a decision
was made not to act at that time. This issue is being kept under review given its importance
regarding potentlagenetic impact.

New Community legislation on organic production and labelling of organic products was
decided in June 2007 and for the first time this covers organic aquaculture. Criteria include
the use of appropriate strains and restrictions on theofispolyploidy and artificial
hybridisation. The overall principles of best environmental practice, a high level of
biodiversity and preservation of natural resources are all relevant to the discussion about
reducing genetic impacts of aquaculture.

To condude the paper will refer to the current internet consultation on sustainable aquaculture
being carried out by the Commission. First published in-Mé&y 2007 this is open for
comment until 15 July 2007. The inputs will be discussed at a conference aulagea
planned for Brussels in November 2007. The outcome of this and a review of progress with
the 2002 aquaculture strategy will be used to devise an updated strategy for the development
of Community aquaculture during 2008.

Genimpact symposiuneport23



MEETING THE CHALLENG E FROM GENETIC IMPACTS F ROM
AQUACULTURE

M. Esmark
World Wide Fund for Nature and aquaculture (WWF), Norway

Introduced species, also referred to as alien or exotic species, are recognised as a serious
threat to marine and freshwater ecosystems. Introductmsause significant disturbances

of natural ecosystems, competing for food and habitat and displacing indigenous species.
Exotic species can carry diseases or parasites that can be lethal to others. Species that are able
to breed with the wild stock cdead to a dilution of the natural gene pool thereby reducing a
popul ationds or species ability to survive.

The 1982 UN Law of the Sea highlights the risks from introduction of exotic species into
marine ecosystems. This is further emphasised by the UMe@tian on Biodiversity (CBD)

from 1995, and most recently at the UN World Summit on Sustainable Development in 2002.
Introducing exotic species to new areas are a violation of the UN Law of the Sea and the
CBD, as both have paragraphs specifically desigiee reduce the negative impact from
introduced species. Aquaculture is one of the main routes of introduction of marine
organisms. This can be both in the form of exotic species or as a domestic form of a natural
species.

The FAO Code of Conduct forrespes i bl e fi sheries reads: ASt a
diversity and maintain integrity of aquatic communities and ecosystems by appropriate
management. In particular, efforts should be undertaken to minimize the harmful effects of
introducing nomativespecies or genetically altered stocks used for aquaculture.

The Norwegian Aquaculture Act use the term
objectives.

According to Ot.prp. nr 61 2004 2005, this term reflects both alien species and alien genes
and s the follow up of Norwegian commitments in international conventions.

The wild Atlantic salmon has a fascinating migratory lifecycle, which takes it from its river of
birth to thousands of kilometres out at sea, and back again to the exact samespagmolt

is an example of a species adapted to its environment through thousands of years of evolution,
where each river holds a unique and local salmon stock.

However, these strong survival genes are now threatened. Farmed fish are bred to grow
quickly, taste good and be more nutritious for humanmsne of which are useful survival

traits in the wild. As the fish farming industry has been present in Norwegian waters for more
than 20 years, we are now able to see the consequences of these fish egoathi@gviid. In

areas with dense fish farming, the negative impacts on wild salmon populations are
indisputable.

Escaped farmed fish should be considered an introduced species, as they disturb the integrity
of coastal and river ecosystems. Introducing rspecies, or a domestic form of a natural
species, is a violation of international conventions. Countries with an aquaculture industry
must ensure that any farm operates with the aim of preventing escapes of farmed organisms
into the wild. Natural populatits are the ultimate gene bank for future aquaculture
applications and should be vigorously protected.
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Knowing that stocks of coastal cod are at their lowest level ever, and that cod farming is
quickly growing as an industry, WWF fears that we risk repgatistory and that escaped
farmed cod in a few years will pose a threat to our already dwindling coastal cod stocks.

Measures to prevent escapes:

Biological pollutioni change in legal framework

Take fish farmers to court

Regulations and technical standard

Withdrawal of licenses and high fines

Use of best available technology

Continuous research on new and better technologies

Specified reguspaetciioensso f or oOescape
Certification systems

Marked pressure

Measures to mitigate the effect of escapes

No fish farms in vulnerable areas, meaning protection of spawning grounds,
migrations routes

Plans for emergency fishing

Sterile farmed fish

Individual tagging
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SAFEGUARDING WILD AT LANTIC SALMON FROM T HE GENETIC IMPACTS
OF SALMON AQUACULTUR ET THE ROLE OF NASCO

M. L. Windsor
NASCO, Edinburgh EH1 2AS, UK

The North Atlantic Salmon Conservation Organization (NASCO) is an-gueernmental
organization with the objective of conserving, restoring, enhancing and rationally managing
salmon in the North Atlantic Oceallvhen NASCO was established in 1984, the harvest of
wild salmon was approximately 7,000 tonnes and production of farmed salmon was around
30,000 tonnes. Today the harvest of wild salmon is around 2,000 tonnes while farmed salmon
production is about 800,0Gonnes.

Because of poor survival at sea, the wild salmon stocks are in a weakened state and vulnerable
to a wide range of anthropogenic impacts, including the genetic impacts of salmon
aquaculture. In 2005, NASCO and the International Council for théoEatjpn of the Sea

(ICES) co-convened a major international symposium, held in Bergen, Norway, to review
available knowledge of interactions between aquaculture and wild salmon stocks and to
consider the measures needed to ensure that aquaculture prastcesustainable and
consistent with the Precautionary Approach. A major challenge identified at this symposium
was the need to reduce the number of escapees from salmon farms. Progress has been made in
improving containment but while the level of escapmsdow when expressed as a proportion

of the production of farmed fish, relative to wild salmon abundance it remains large.

Recent scientific advice from ICES states that gene flow from farmed to wild salmon will
reduce the natural intgropulation hetegeneity found in the wild Atlantic salmon, thereby
reducing the adaptive potential of the species. At the ICES/NASCO symposium, modelled
scenarios were presented based on empirical data on the relative fithess and spawning success
of wild and cultured demon and using data on the incidence of escapees in Norwegian rivers.
The models indicate that, at low intrusion rates, farmed salmon are unlikely to become
established in the wild salmon population. However, under-imighsion scenarios, the

salmon poplations become mixtures of hybrid and farmed descendants and recovery of the
wild population is not likely under all circumstances.

This new information and advice highlights the need for urgent action to improve containment
SO as to protect the wild stack the industryds fiseed corno.
ICES/NASCO symposium was an acceptance by the industry representatives that salmon
farming can have damaging impacts on the wild stocks. This recognition is a prerequisite for
cooperative actiondiween wild and farmed salmon interests to protect the wild stocks. Such
cooperation is now developing and will need to be further enhanced in future. NASCO seeks
to cooperate with the North Atlantic salmon farming industry in order to minimise impacts of
aguaculture on the wild salmon stocks through a Liaison Group established to discuss issues
of mutual concern. This group has developed Guidelines on Containment of Farm Salmon
that provide a minimum standard for salmon farms around the North Atlanticeudowthe
situation, where reproductively viable farmed salmon continue to escape to the wild in large
numbers relative to wild salmon abundance, cannot be allowed to continue. There are many
challenges, not least because a major cause of escapes appeastarm damage to cages,

and climatechange scenarios predict increased frequency and sewémstprms in future.
Renewed efforts are needed to reduce escapes to virtually zero through improved physical
containment or, if this cannot be achieved, tigto biological containment. Possible
approaches to safeguarding the wild Atlantic salmon from genetic impacts of salmon farming
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will be discussed. NASCO is seeking to restructure its relationship with the salmon farming
industry to focus more on achievingeasurable targets.
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GENETICS OF DOMESTICATION, BREEDING AND ENHANCEMENT OF
PERFORMANCE OF FISH AND SHELLFISH

D. Crosetti
ICRAM, Central Institute for Marine research, Rome, Italy

Background

Genimpact deals with the species that already are, or ateewrway to become, important
aguaculture species in Europe: Atlantic cod, Atlantic halibut, Atlantic salmon, common carp,
European sea bass, gilthead sea bream, turbot, European lobster, scallops, mussels, oysters.

The different species/groups of speciesalt with in the Genimpact project greatly vary in

their biology, importance in capture fisheries and aquaculture, culture methods, and in the
amount of genetic information available. It is therefore difficult to provide generalised
statements and conesions valid for all Genimpact species/groups of species. Detailed
information on the single species/groups of species and future research priorities on the
genetic impacts of aquaculture activities by selected species/group of species can be found in
the pecies leaflets and posters in the Genimpact web site
(http://genimpact.imr.no/compendigym

Of the species studied, 7 are finfish, 1 is a crustacean, 6 are bivalve molluscs. Only one,
common carp, is a fehwater species, all the others are marine species; Atlantic salmon is an
anadromous species in most of its distribution area.

All species have traditionally been exploited by capture fisheries or harvest. Atlantic salmon,
Atlantic cod and Atlantic haliduare very important marine fisheries resources from the North
Atlantic, at present with severe reduction of stocks due to overfishing. The decline in landings
in the last decades for most species, and the market demand of some highly priced species
such @ sea bream, sea bass, halibut or lobster, has certainly contributed to the development of
aguaculture. Atlantic salmon is by far on top of aquaculture production in Europe, followed
by mussels and Pacific cupped oysters. Other species like cod, haldsterlor scallops are
starting their way in aquaculture, and show high potential for the near future.

Some species have been domesticated for long, such as the common carp, with domestication
records dating back to Roman times, though the process o§iiitation in aquaculture only
started following the optimisation and spread of induced breeding practices in the 1980s.

The overall objective of WP1 was to review the current knowledge of the biology, ecology
and genetics of wild and cultured stocks1&f fish and shellfish species/group of species
important in European aquaculture. The review tried to define the nature, magnitude and
persistence of genetic impacts inflicted by farm escapees and deliberately released fish on
wild populations. This inclued a survey of the genetic effects of culture practices and
domestication as well as their implications for community biodiversity. As to cultured stocks,
the different levels of human interventions ranging from traditional domestication and
selective breding according to the principles of quantitative genetics, up to pure line or clone
production, polyploidisation, gene transfer and application of DNA vaccine technology in
fish, were considered.

To reach this objective three workshops were held in Vitétady), 12"-17" June 2006,
respectively on:

- WP1.1. Biology, ecology and genetics of key European aquaculture species,
- WP1.2. Breeding and culture practices of key European aquaculture species,
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- WP1.3. Performance improvements by polyploidisation, geaesfer and DNA
vaccination.

The outputs of the WP1 workshops werrmative leaflets on 12 species / groups of species
on the fnNnGenetic effects of domestication
popul ati onso ( & four liaflels with th&\duttamas)of the discussions held
during WP1.3, for which a format based on preordained sets of questions to be discussed and
possibly answered to was adopted, and future research priorities.

Conclusions and research priorities

One preliminay but very important statement valid for all species is that improved
collaboration among capture fisheries and aquaculture scientists, and the actors involved in
harvest, management or breeding of a particular species, is highly recommended in order to
better face the issue of the assessment and monitoring of the genetic impact that farmed stocks
may have on wild ones.

The main conclusions and future research priorities which can be generalised for all the
species considered in the Genimpact project are:

- More detailed information on the species biology is needed for documenting the eventual
genetic impact of aquaculture on wild stocks, in particular the basic breeding biology,
early life history traits and ecology of the species in the wild, and keyosmvental
factors determining distribution and survival.

- The actual fragmentation of the wild stocks should be studied in details, in particular
effective and census sizes, spatial distribution of the wild individuals from a dynamic
point of view throughoutheir life cycle, qualification of this fragmentation in terms of
the genetic differentiation underlying it.

- Local adaptation, which is the basis for the identification of genetic resources, should be
characterised. The use of common garden experimentémmenting local adaptation
and investigate the relative fitness of domesticagatild stocks is highly recommended.

As far as cultured stocks are concerned, reliable estimates of effective genetic population size

in commercial hatcheries should #efined and improved broodstock management protocols
devel oped. The origin of broodstocks shoul d
recorded and quantified. The impact of escapees should be reduced by developing
methodologies for prevention eécape and by the use of sterile animals.
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COD FARMING IN NORWAY 1 NEW RESULTS FROM EXPERIMENTAL
STUDIES

K.E. Jarstad
Institute of Marine Research, Bergen, Norway

Background

Genetic interaction between wild fish and escaped farmed fish can resuletic ggranges in

the wild populations that reduce overall fithess and productivity. These the problems has been
discussed for quite a long time, but the experimental evidence of harmful effects from
interbreeding between cultured and wild stocks is limitedexperiences from studies on
salmonids Recently, there have also been rapid aquaculture developments of marine species
such as Atlantic cod. Commercial cod farming cause some concern about potential genetic
interaction between wild coastal cod and eseadrom the industry.

Genetic mapping of wild cod populations

Based on the large interest in commercial cod farming, it was important to establish genetic
baseline data on cod populations, which later could be used to evaluate potential genetic
impact flom cod farming industry. In 2002 a comprehensive investigation program was
initiated, including biological information as well as collection of samples for genetic
analyses. Samples were collected to investigate some of the old genetic markers
(haemoglobin allozymes) as well as the more recent developed DNA techniques (PAN;
microsatellites). Recently, also SNP markers are being tested on selected samples. Two
additional institutions ( Moscow State University, Moscow; Norwegian College of Fisheries
Science,Tromsg@) also participated in the program. In the five year period about 150 samples
(11000 specimens) have been collected representing 107 locations from White Sea in east to
North Sea and Skagerrak region. The preliminary results revealed, as expeptditant

genetic differentiation was revealed at several genetic markers, suggesting a complicated
genetic structure for cod in the region investigated. The whole sample collection is now
analyzed and the results will be used to develop cod farmingg®eanesnt.

Genetic tagging in cod

Development of genetically marked cod strain, was carried out in 1987 / 1987 by breeding
cod possessing a rare allele at @Rl-1* locus present in white muscle tissue. The marker
allele GPI-1*30) is only found in heterogyotes and occurs at a low allele frequency (0.01 to
0.04%) in nature. The genetically tagged farmed strain were used as broodstock and large
scale releases of juvenile offsprings took place in three different regions in western Norway.
A monitoring fisherywas carried out in all the areas after the releases and the genetically
tagged fish (recaptures) were identified. As expected, the results from the genetic analyses
demonstrated an increase in the frequency of the marker allele in the overall cod @ojpulati

all the areas investigated. This, however, was followed by a rapid decline in gene marker
frequencies in the years after. In one region, however, the genetic analyses detected a
significant higher frequency of the marker allele compared to the vh&fese the releases,
suggesting survival to maturation and some reproduction success of the genetically tagged
released cod juveniles.

The establishment of a new genetically tagged cod strain was carried out from 2002 and was
based on capture of wild cadl the release areas. The fish that posses the genetic marker were
identified and then useals broodstock to restablish a new genetically tagged strain. These
fish represent a unique tool for tracing eggs/larvae in the wild environment back to farmed
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spavning cod in net pens.

Escapement of eggs from farmed cod spawning in net pens

In comparison with the environmental problems caused by escapes from the salmon farming
industry, cod farming presents new challenges. The cod is a marine species whiatipfeprin

is able to spawn in the net pens during thegmwing period and thus release genetic
material into the environment. In 2006, a pilot experiment performed in Heimarkspollen in
Austevoll (a practically landbcked fjord) demonstrated for the firstie that farmed cod are
capable of producing viable cod larvae that mix with larvae from wild cod. The farmed cod
used in the pilot experiment were homozygotic for a rare al&R-1*30), and mature fish

were placed in a net pen to allow spawning anddrdginto the surrounding water to take
place. Surveys of eggs found the highest densities in the vicinity of the net pen. Later larval
surveys found that 2025% of the larvae sampled in the area possessed the unique genetic
marker, and could thereforee traced to the spawning cod in the net cage. Numerous
genetically marked larvae were also found outside Heimarkspollen, indicating a high degree
of dispersal of eggs and larvae by tidal advection.

A similar experiment was also conducted in spring 200d,this year 3 times more spawners
were use. In this year about 25 % of all cod larvae within the-sleised system originated

from the farmed fish. And outside, the frequency ranged from 19 to 10%, demonstrating a
significant contribution in the overaibd larvae stock in the investigation area.

Industrial scale experiment

This experiment was based on the genetically tagged strain (2004 yearclass). About 400
broodstock were allowed to spawn in large tanks and eggs were collected and transported to
the ®d hatchery in Parisvatnet Research Station. Newly hatchedsgolkarvae were
released into a large seawater enclosure where they fed on natural plankton. In Jne@ 500
juveniles were harvested and transported to a commercial cod farming facilitynifonmgy
program is now developed in order to detect escapement of genetically tagged juveniles from
the net pens. And later, the spawning in net pens and egg escapement into the natural
environment will be investigated.
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GENETIC IMPACTS OF CULTURED ATLA NTIC SALMON ON WILD
POPULATIONS

P. McGinnity
Marine Institute, Furnace, Newport, Ireland.

Animals express very different levels of performance under laboratory compared to field
conditions, as experiments undertaken in laboratory environments (e.gerhiaimhks) are
unlikely to mimic the stressors encountered in natural environments such as pathogens,
predators, competitors and physical stress. DNA profiling now enables the identification of an
individual 6s parentage p r o vaommon genviranmedtal r e c t
conditions, i.e. in the wild, from the egg stage onwards, of traits related to fithess. Marker
development and access to increasingly sophisticated analytical technology with
complementary increases in throughput and speed of analysesdes significant
opportunities in terms of experimental design for field experiments. A series of common
garden experiments were undertaken between 1992 and 2004 in a natural spawning tributary
of the Burrishoole river system in the west of Irelan@dmpare the relative fitness of wild
(native) and farmed Atlantic salmon. These experiments are some of the most detailed
investigations of the fitness in the wild of Atlantic salmon to date. Generally, and in
agreement with expectations, empirical stsdin salmon, i.e. examination of |leteym
datasets for wild populations that have been subjected to hatchery introductions and common
garden experiments show a loss in productivity in the recipient wild populations.

It might be expected that natural esgtion, although at the cost of temporary reduction in
population productivity, would purge from the wild maladapted genotypes originating from
the introduction of hatchery fish. However the fact that farm escapes are repetitive, often
resulting in annuaintrusions in some rivers, means that reductions in fitness are cumulative,
and population growth (productivity) in the wild will be affected over extended periods.
Continuous escapes will constrain adaptive potential, the worst possible scenario being one
where directional environmental change e.g. due to global warming, and repetitive escapes
with subsequent hybridisation and introgression occur concurrently. To predict wild
population response to farm escapes, based on consideration of the abovenddtisewill

require information on population size (population density, both spawning and juvenile
densities in rivers), levels of gene flow and measures of the degree of maladaptation as well as
the variance and direction of environment change.
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AQUACULTURE GENOMICS OF SEABREAM AND SEABASS AT HCMR

A. Magoulas & G. Kotoulas

Institute of Marine Biology and Genetics (IMBG), Greece
Hellenic Centre for Marine Research (HCMR), Greece

Genomics research for aquacultured species at IMBG/HCMR aims at advagaiaculture
potential for the aquacultured fish species in the Mediterranean, mainly the gilthead seabream,
Sparus auratagbut also the European sea b&isentrarchus labrax.

The produced resources and expertise offer efficiency in addressing quéséibosver a
broad range of issues related to aquaculture and population management of marine fish
species. Such issues comprise:
- understanding the biology and physiology of speciesina qua nonfor efficient
husbandry
- understanding population structduand obtain traceability of populations in the
market, the production sites and in nature, including identification of selected stocks
- establishing gene to phenotypes relationships at the genome level for traits of interest
and assess the effect of #m@vironment on this relationship
- analysing fish welfare by producing indicators to assess stress and immune response

Research conducted through | MBG&s active pa
projects has produced protocols, genomic libsafte development of microsatellites, several

cDNA libraries for EST sequencing and oligo design, and BAC libraries for seabream and
seabass. Moreover, high quality genetic linkage maps have been produced for these two
species, as well as a Radiation HgbfRH) mapping panel for sea bream. In the high quality

linkage maps a few hundreds of microsatellite markers were positioned, while in the sea
bream RH map about 1000 genes and microsatellite markers were included.

With this broad genomic toolbox, sevetapics of aquaculture interest have been addressed,
such as parentage assignment and QTL mapping for growth. However, these tools can be
utilized to study various biological traits of interest to aquaculture industry.

A major contribution is the compadige mapping of seabream by setting the RH map of
seabream against fully sequenced genomes of model species, Jattaadon nigroviridis

Such a comparative map has revealed a high synteny and gene order conservation between
teleost species and practlgaalready allows a high confidence about map position of almost

any seabream gene. This map is currently further enriched with genes related to stress,
immune system and growth. This approach is expected to have an important impact on the
way the genetibasis of phenotypic variation is addressed.

The comparative method has been additionally approabkeith silico and experimental
investigation of microsatellite conservation across fish genomes, by use of microsatellites
randomly isolated from seabreamdaseabass genomes, but also from microsatellites found
within expressed sequences of seabream and seabass.

The above tools and genomic approaches are complemented by the development of
microarrays and use of functional genomics to address issues r&dateed biology of
cultivated species, but also in understanding adaptation of species to their environment.

A major objective of genomics research at IMBG/HCMR has been the integration of different
data types and different approaches towards understathairgology, ecology and evolution

of species and unravelling the genetic components of phenotypic variation in view of
preserving biodiversity, achieving rational population management and efficient selective
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breeding. Comparative genomics has been aig®ye, acting as an integrative framework
between genetic and functional analysis and bringing information from model fish species.
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THE POTENTIAL GENETI C IMPACT OF THE AQUA CULTURE OF SHELLFISH
IN EUROPE

A. Beaumont
School of Ocean Sciences, Coll. otiMal Sciences, University of Wales, Bangor, UK

The key shellfish species covered within Genimpact are muddgtdus edulisand M.
galloprovincialis, oystersOstrea edulisandCrassostrea gigasscallopsPecten maximuand
P. jacobaeusnd the lobsteHomarus gammarus

Mussels

M. edulis(blue mussel) is a North Atlantic species &ndgalloprovincialis(Mediterranean
mussel) is native to the Mediterranean. It is known tatgalloprovincialis has been
expanding its range out of the Mediterraneasrawiany centuries and this species is now
found as far North as Scotland although it is principally restricted to Atlantic coasts. It is the
species that is involved in the huge raft culturing enterprise on the Atlantic coast of Spain.
Extensive hybridis@n occurs where the distributions M. edulisand M. galloprovincialis

overlap and the hybrid zone is a patchy mosaic of pure species and hybrids extending over
hundreds of kilometres from southern France to the north of Scotland.

Mussel culture reliesrocollection of natural seed so there is currently no hatchery input to
mussel populations although hatchery culture may develop. However, the movement of seed
mussels between collecting and-gnowing areas carried out by enterprises involved in
ground lging culture take no account of the distributions of the two species, nor of the patchy
hybrid zone. Better genetic information is required to understand the genetic and spatial
architecture of these two species and their hybrids.

Oysters

The European #it oyster Q. edulig is the traditional oyster that was the main species
cultivated in Europe from Roman times up to its heyday in tfeQeéntury. Oveffishing,
pollution and the introduction of parasitic diseases significantly reduced, and virtually
eliminated, flat oyster culture by the 1970s. Genetic data suggest that natural larval dispersal
and human mediated oyster movements have contributed to a fairly homogeneous population
structure across Europe although populations at the extremes of dstriNbrway and the
eastern Mediterranean) do show some genetic distinctiveness and may represent important
genetic resources worthy of conservation. The principle genetic impact of hatchery culture of
flat oysters has been to significantly reduce the wenariability of hatcheryproduced
oysters compared with natural populations although mass reproduction in ponds can alleviate
this loss of genetic variability. Effective selective breeding of oysters for resistance to the
parasitic disease BonamiosisshHzeen undertaken by IFREMER over recent decades and this
holds promise for a revival of flat oyster culture.

Crassostrea gigasthe Pacific oyster was introduced into European aquaculture during the
1960s and 1970s from naturalised populations on thdi®#enerican coast and directly

from Japan. It is currently the principle commercial oyster species el and has
naturalised in regions that have a suitably high summer temperature that allows reproductive
activity. In northern Europe Pacific oystarming is based on hatchery seed but collection of
natural spat supports about 80% of the aquaculture of this species in France where it is
naturalised. The main impact of Pacific oyster aquaculture is an ecological impact due to
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naturalisation rather timaa genetic one. Once naturalised, Pacific oysters settle in huge
numbers on hard substrates competing with native species such as flat oysters and mussels.
The species has been spreading northwards for many years and is now a very significant
ecological poblem in Germany and the Netherlands where it interferes with aquaculture of
other bivalves. Pacific oyster reefs have recently been reported in estuaries of southern Britain
and environmental agencies of Governments in these areas are very concernte with
potential consequences of its rapid spread. It is not known whether the spread is simply due to
climate change or whether it is exacerbated by aquaculture.

As part of the commercialisation of Pacific oysters the production of triploids has enabled
yearround marketing of the species. Triploidy the addition of a complete set of
chromosomes- is not classed as genetic manipulation so triploids are not classed as
Genetically Modified Organisms (GMOSs). Their genetic impact is likely to be negligible an
probably benign because triploids are mainly sterile and usually only produce a very few,
mostly nonviable, gametes. If the spread and naturalisation of oysters is mainly due to
aquaculture activities then the use of triploids would be a good strategytigate this
problem.

C. gigas hybridises with Crassostrea angulatathe Portuguese oyster) and. gigas
aguaculture has created a genetic impact in southern Europe where such hybridisation
threatens the genetic integrity of the Portuguese oyster.

Sallops

There are two species Bectenin Europe P.jacobaeughat is restricted to the Mediterranean

and P. maximughat is an Atlantic coast species extending from North Africa to northern
Norway. There are important local fisheries for scallops buheeispecies is extensively
cultivated. Where cultivation occurs it is mainly based on the collection of local natural spat
so there is little or no genetic impact of aquaculture on wild stocks. The exception to this is a
French programme that has operatecr many years involving f&ocking P. maximus
populations in the Brittany region with hatchery produced seed intended to ameliorate the
downward trend in dredge catches in this region.

The genetic structure of scallop populations throughout their raagest well understood
and further work is required to explore this before scallop aguaculture becomes a significant
player in scallop production.

Lobster

Like all crustaceans, the lobstdomarus gammarugrows by moulting its chitinous outer

skin and &panding into a new exoskeleton. In contrast to oysters, mussels and scallops that
are sedentary filter feeders, lobsters are solitary, highly active, primarily nocturnal predators
that feed on mussels, hermit crabs and polychaetes.

Aquaculture productignalthough limited, is growing. Product enhancement involves placing
wild-caught lobsters into fattening ponds prior to sale. Resource enhancement involves
culturing and releasing lattage larvae for rstocking purposes. The technology for hatchery
culture of lobsters is now well developed but is highly demanding of space and good
husbandry due to the cannibalistic nature of the juvenile stages. For this reason culturing of
lobsters from egg to market has generally been considered economically uoréalist
Norwegian company is now in production of marketable lobsters reared entirely in captivity.
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Lobster populations in Europe consist of four main genetically identifiable groups: 1. northern
Norway, 2. The Netherlands, 3. the Aegean and 4. the rergaiftlantic and outer
Mediterranean coasts.

In addition to commercial movements of lobsters between areas, restocking activities using
nonlocal brooding females have been carried out in many regions but there has been a failure
to take note of the genetimpact such activities can have on native populations. Recent
studies have shown that larvae from cultured lobsters have lower fitness than larvae from
wild-caught females and this demonstrates the potential for a significant genetic impact of
lobster agaculture on wild populations.

As domesticated stocks of lobster are developed, breeding and genetic studies should have a
high priority to enable anticipation of, and remediation of, potential genetic impacts on wild
populations.
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GENETIC ENGINEERING IN  AQUACULTURE: POSSIBILITIES AND
LIMITATIONS

L. Colombo
Dept of Biology, University of Padova, Padova, Italy

The previous workshops held under Genimpact coordinated action have discussed at length
the problems connected with the application of gene &ansthnology in the aquaculture
industry. In general terms, the importance of the topic transcends the question of whether to
permit the commercial culture of fagtowing transgenic fish for human consumption.
Rather, the issue revolves around the faat the domestication process of aquatic species has
recently been progressing at an accelerated pace and may be supported by technological
advances that were not even envisaged at the time of the domestication of land plants and
animals. According to théast estimate, the number of aquatic animal species entering
domestication, already 430, is -idld greater than that of all domesticated land animal
species, now plateaued at 44 (Duarte et al., Science, 3:88382007).

In the past, domestication waswao-phase process: first the development of rearing practices,
providing shelter, food, care and assisted reproduction in exchange for confinement and
terminal sacrifice; and second the implementation of selective breeding based on reproduction
control, that is the choice of broodstock to improve the performance of progeny. Early
inadvertent or empirical selection and modern protocols according to quantitative genetics
have transformed the domesticated belatéi ver si
comprises all living forms that owe their existence to the intervention of man. While natural
biodiversity is unfortunately contracting, the biorepertoire is rapidly expanding through a sort
of metaevolution, since man, a product of natural eianyis developing novel mechanisms

to evolve new forms of life for his own needs. Thus, teosinte and wolves are biodiversity,
corn and dogs are biorepertoire.

Lately, the development of recombinant DNA technology through gene transfer has opened
the aveme for a third phase of biorepertoire diversification based on direct genetic
manipulation to create a transformed biorepertoire. This is exemplified by the global flash
diffusion of transgenic plants bearing mostly allotransgenes, that is genetic dasnsénived

from other taxa, to confer herbicide resistance, protection against insect parasites, adaptability
to harsh environmental conditions, slowdown of the ripening process, or nutritional
enrichment. Despite much controversy and opposition, trarcsgeaps have conquered since
1997 about 100 million hectares, especially in the Americas and Asia, and already account for
55% of global soybean production.

Europe has confronted this invasion on the ground of jurisdiction rather than biotechnological
R&D, but with inconsistent dofiecomascseolLeadismad
plant GMOs, it acquiesced in June 2007 to accept a 0,9% threshold in the content of a
transgenic component even in biological or organic products, without the needy of an

|l abelling. The magic of number fA90 i s good
health of consumers. The same cabalistic compromise has been adopted for animal feed,
requiring labelling if the meter clicks on 1.0%, thus inventing an unusaglof rendering

me at Atransgeni co. But an unsurpassed feat
squeezed from transgenic seeds above 0.9%, even though triglycerides are at odds with DNA
and proteins.

While transgenic cultivations keep expandiigthe present rate of about 10% per year, a
different fate was reserved to transgenic fish. In this case, opposition by both scientists and

Genimpact symposiuneport38



opinion groups succeeded so far in halting the mass cultivation of gemhtinced fish
bearing growth hormone (Gkencoding constructs designed from fish GH genes, the main
target of fish transgenesis for commercial application. The number of research papers on how
to make more GHransgenic fish dropped, while those on policy increased, and some stocks
of transgenicsalmon were even ordered to be destroyed in Canada. In the developed world,
growers are viewing the opportunity to raise transgenic fish with widespread skepticism, if
not rejection, fearing consumerso relsm@onse
concoction, glowingn-the-dark zebrafish and medaka, branded with green or red fluorescent
protein (GFP and RFP) genes, has entered the market, joyfully welcome by Time magazine as
one of the coolest inventions in 2003.

Despite assumed aversionasinsumers towards Gtiansgenic fish, which is just foreseeable
because they are not yet on sale, actually safety issues for this kind of food are presently
deemed to be negligible by public authorities and experts. This seems justified on the ground
that integration of autotransgenes, that is coding sequences already present in the recipient
genome as are fisBH-transgenes in fish, is not expected to alter qualitatively the host
transcriptomic and proteomic profiles, at least not in a way to represematith hazard. This
reassuring aspect, that could not be given for granted in transgenic plants, was not enough to
absolve transgenic fish, because they failed the scrutiny, mainly articulated in the realm of
possible risks, of the ecosystemic compatipeihd safety of their commercial farming.

The main concern is how to assess whether fertile transgenic escapees can establish a
permanent population in the wild (fithess estimate), the level of harm imposed on recipient
biocommunities (biodynamic impacstamate) and, in the presence of feral conspecifics, the
degree and consequences of their transgenic contamination by crossbreeding (genetic impact
estimate). The last aspect was strongly emphasized in transgenic fish, but is really a special
case within he set of events of genetic contamination. This arises whenever gene flow does
not exclusively occur from biodiversity to biorepertoire, but also the reverse. In land animal
husbandry, which is based on few genetically improved species bred to huge bgriass
genetic interface with wildlife is minimized, because little of the latter has been left, if any,
especially in developed countries. In aquaculture, however, due to the great number of species
involved and the relatively recent domestication prectee genetic interface is vast and still
permeable in both directions.

Possible contaminations by transgenes in plants have been mainly dealt with as adulterations
of normally or biologically cultivated crops, an affair internal to agriculture. In fygme
transfer from one species to another may occur by introgressive hybridization, but exchanges
of transgenes have not been documented so far. Anyhow, transgene trade with wild fish
would not be equivalent to the passage of native genes, becauseneanage products of
intelligent design and susceptible of patenting. Their-cumling sequences are often
simplified to ensure a specific transcription with minimal genetic interplay within the
harbouring genome. They reflect a convenient reductionispcoaph to jump start a trait
without progressing holistically through the careful accumulation of small genetic gains
acquired by selection along multiple generations. Transgenes may be eliminated from wild
type genomes due to their instability, especialhen diploidy is broken by concatamerized
multiple copies in hemizygous condition, or they may be inactivated by silencing
modifications, but this kind of reversibility remains essentially uncertain.

In the application of GHyene transfer to fish, attéom was chiefly focused on the
enhancement of growth rate, while less consideration was given to the issue of the
reproductive potential of transgenics. Lately, induction of triploidy by pressure or heat shocks
was deemed enough to prevent transgenic oun&tions. But this assumption was soon
disputed on the ground that this sterilization technique does not have consistently 100%

Genimpact symposiuneport39



efficiency, while fish have high reproductive capacity and may sometimes escape in large
numbers from culture facilities.

The possibility of ecosystemic risks associated with fertile transgenic fish evoked, as a
precautionary measure, the mandatory request for preliminary assessment studies about their
fitness in nature and the consequences of their crossbreeding on the iméguti
conspecific populations. This sensible requirement determined a deadlock on any application
for the approval of the mass culture of transgenic fish, because it involves field tests for
fithness estimate. Apart from the difficulty to accurately paeterize the innumerable
biological and ecological interactions that may influence the survival and reproduction of
fertile transgenic fish in the wild, the irresolvable predicament is that fish tested in natural
ecosystems are essentially unrecoverablelewtests in secluded environments are of limited
significance due to their arbitrary constraints and can provide only circumstantial estimates
with limited predictive capacity. Hence, endless moratoria are the expected outcome.

The hazard of transgenmontamination of feral conspecifics is doubdeed: if they are
indigenous, it represents a contamination of biodiversity, as said above, and may imply the
risk of an extinction vortex, as prefigured in the Trojan gene hypothesis by Muir and Howard
(Trangenic Res., 11, 16114, 2002); but if they are naturalized from alien escapees, as in the
case of rainbow trout in Europe, common carp in Africa or tilapia in Asia and South America,
it may entail exacerbation of narenetic impacts on other species, bat a loss of genetic
integrity in truly natural biodiversity, while an extinction vortex in feralized populations
would be beneficial.

In order for GHtransgenic fish to be not only an impressive lab invention, but also a
commercial innovation applicabla the context of fish culture, the obvious conclusion is to
solve the problem of how to maintain fertility in transgenic spawners in order to perpetuate a
transgenic line, while securing complete reproductive sterility in transgenic fish foragiiow

It is surprising that private companies interested in developing transgenic fish culture for
commercial purposes have not already satisfied this requirement as a top priority to ensure
full market control on their products, without the risks of being suelhtat times for
unforeseen transgenic contaminations. Apparently, the rush in the implementation of
biotechnology in agriculture instigated the belief that a leap from domesticated biodiversity to
transformed biorepertoire was possible in fish culturés @lsregards the fact that, differently
from the transition towards domesticated biorepertoire, complete sterility is an additional
obligation for ongrowing transgenic fish not only to safeguard wildlife, but also to justify
financial investments in thignd of enterprise.

To overcome the impasse, several options are at hand to sterilize fish. The simplest is the
double sterility approach, whetgploidy induction is combined with other techniques to fill

up the gap in its per cent effectiveness. Amregle is allotriploidization of interspecific
hybrids hat produce sterile gametewing to unsuccessful pairing of chromosomes. Hence,
good candidates for transgenesis would be segézdle hybrids cultured for their superior
growth rate with respect the parental species.

But, whatever the best solution, a point is worth remarking. It would be disgraceful to dismiss
gene transfer technology as inapplicable to fish culture, just because the first attempts have
been inadequate. Some people got riglalgrmed or irritated because of this, but their
criticism should be interpreted as a positive force for technological improvement, rather than
an ideological effort to dump technological progress. This is a time when the list of sequenced
genomes is alrely including those of some teleost species, structural genomics is rapidly
converting into functional genomics, where the function of each gene is pointed out, and is
further evolving into integrative genomics, where genes are interconnected nodesheithin t
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dynamic integration of the genomic network. In the past, geneticists have made wonders by
platonically gazing at the shadows of genes as reflected in the realized phenotypes. Now, we
have the privilege of admiring life in full shining, diving into mituazed landscapes in
motion, reading and understanding the ultimate alphabet in which the book of all creatures is
written. The emerging language is very complicated and our initial articulations are still
guttural sounds, but we can learn the respeatdorplexity, appreciate and expand the gift of

our reasoning, enjoy the flowing of novel living beings from our hands, while assuming better
responsibility in satisfying our needs.
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USE OF TRIPLOIDS TO LIMIT THE GENETIC IMPACT OF ESCAPEES ON WILD
POPULATIONS 17 STATUS AND PROSPECTS

F. Piferrer

Institute of Marine Sciences, Spanish Council for Scientific Research (CSIC),
Barcelona, Spain

With the progressive increase in both aquaculture production and the number of sites where
finfish are reared, it iglear that, other factors being equal, the risk for the occurrence of
escapees from floating net pens into the natural environment is potentially increasing. Even if
the number of fish that actually escape represent only around 1% or even less ofttred fish

are being grown in cages, the absolute numbers are important, specially taking into account
that they may represent a substantial amount of the wild conspecifics in a given region.
Because farmed fish have affected traits by domestication that inghef®logical aspects

such as altered behavior towards predator avoidance, aggression levels, altered growth rates
and changes in the physiological stress response, their performance in the wild is most likely
to be altered. On the other hand, the eff¢lotd these escapees may bring about relate to
ecological and genetic negative impacts on the environment. The former are exemplified by
disease transmission, including parasites or other infections, competence for food, or
attracting predators that, whelh@f these effects are combined, can ultimately affect the wild
stocks. The major genetic impacts come from interbreeding with wild fish, which could result
in significant genetic changes, including reduction in effective population size, loss of genetic
variability or breakingup locally adapted genotypes if the difference between the native and
the cultured fish is sufficiently large. The ecological and behavioural interactions between
cultured and wild salmon was reviewed by Jonsson (1997). Actual pfoafidence that

there are genetic changes in wild populations as a result of the interaction or interbreeding of
farmed fish with wild fish has thus already been obtained, particularly for salmonids.

Since triploid fish are sterile, their use as a metmsreduce the genetic impact of
domesticated populations on native ones has been proposed in order to minimize the genetic
impact of escapees (Donaldson et al., 1993), but it also could be used in restocking programs
with fish aimed for the sport fisherin consequence, several studies have started to assess the
behavior of triploids in the natural environment. Thus, assuming that the use of triploids for
genetic containment is an actual management option, the two big issues are: 1) can the current
triploidization techniques ensure a level of triploidy high enough that can be compatible with
their routine use in fish destined for being grown in cages in the natural environment?, and 2)
what would be the expected behaviour of triploids if accidentally qugsety released into

the environment?

As regards to the first question, current triploidization protocols are available for many
species, including shellfish as well as marine and freshwater fishes. If the triploidy induction
is optimized and scaleab to deal with the number of gametes usually dealt with in
production facilities, it is possible to obtain reasonably high and safe triploidization rates. For
example, trials on the routine triploidization of rainbow trout in France indicate that the
triploidization rate can be around 97% (Haffray et al., 2006), which is considered enough safe
for the purposed of genetic containment since by virtue of their sterility in case of escapement
they could not genetically mix with the wild populations.

As regards to th second question, i.e., the performance of induced triploids in the wild, the
number of studies is reduced but all of them point towards the same conclimisnSolar et
al. (1986) showed lack of homing behaviour in hormonathrilized coho salmon

Genimpact symposiuneport42



(Oncorhynchus kisutgh It was also shown that male triploid Pacific salmon display sexual
behaviour in the wild and could interfere with reproduction of native individuals.
Subsequently, Bridges et al (2001) showed that domestic triploid steelheadtroutkis3
released to the wild displayed site fidelity and returned to the rearing site, indicating that some
imprinting took place while at the growing site.

Ocean migration studies carried out with Atlantic saln®airfio salayin Ireland have shown

that male triploids return to their natal area in nearly the same proportions than diploids,
whereas triploid females do not migrate. The few females that migrate do so passively
entrained with diploids, thus reducing any potential treat to wild salmon ire thresas
(Wilkins et al, 2001). It was also shown that triploid salmon in cage culture could
significantly reduce the genetic impact of escaped farmed salmon on wild salmon both in
terms of reduced rate of returns, inability to interbreed among themselweghowild
populations (Cotter et al., 2000). Thus, as it is the case with produetaiad traits such as

the lack of sexual maturation, the full advantages of the use of triploids also to avoid the
genetic impact on wild populations would be reachbdmcombined with feminization.

In summary, these studies show that nowadays is technically feasible to produce triploid fish
at a rate compatible with their use in actual production schemes, and that the consequences of
triploidy induction on the perfornmae of these fish in an open ecosystem are twofold: lower
viability in the wild and significantly reduction of interbreeding with native stocks. Thus,
triploidy induction is a viable strategy to minimize the genetic impact of farmed populations
on wild ones. However, essentially all data available so far comes from studies in salmonids.
Although major intergroup differences cannot be readily anticipated, it is necessary more
research on i) the assessment of the actual genetic distance between farmetviitdh fesh

in nonsalmonid species as a necessary information to consider when assessing the potential
damage of escapees and ii) the behavior of the induced triploids under current farming
practices and under simulated conditions in the wild, speciatiinénsalmonids before a
conclusive statement regarding their implementation in the production practices is fully
warranted. In any case, expected advantages of the use of triploids to minimize the genetic
impact have to be carefully balanced against iptesslisadvantages of their use in culture
such as, for example, reduced prepuberal growth which negatively could influence the
profitability of current production schemes.
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TRACKING CULTURED FI SH AND ASSESSING THHR IMPACT IN THE WIL D.
OVERVIEW, MAIN FINDINGS AND RESEARCH PRIORIT IES

E. GarciaVazquez
University of Oviedo, Oviedo, Spain

The GENI MPACT work package WP2 was organi ze
tools for evaluation of genetic impact of aquaculture activities on wild ppgula n s 0 , hel d
Tenerife (1921 October 2006). Two main tasks were considered within the workshop,
involving a total number of 29 participants. A summary of the two tasks and the contributors

is below:

Task 2.1. Assessment of tools for identifying theajenorigin of fish and monitoring their
occurrence in the wild
I D. Blohm, F. Bonhomme, G. Carvalho, D. Crosetti, T. Cross, G. Dahle, D.
Danancher, R. H. Devlin, E. Gareiazquez, K. Glover, B. Guinand, G. Hulata,
K. Joerstad, K. Kohlmann, S. Lapégue, PcQihnity, G. Marteinsdottir, P.
Moran, C. Primmer, P. A. Prodohl, M. L. Rise, C. Saavedra, &. Skaala, T.
Svaasand, A. Triantafyllidis, E. Verspoor

Task 2.1. Tools for monitoring fitness of aquaculture individuals in the wild
T T.Cross, F. Juanes, G. Mansdottir, P. McGinnity, P. Moran, C. Primmer, M. L.
Rise, O. Skaala, A. Triantafyllidis

The three cachairs of WP2 were Eva Gareiéazquez (University of Oviedo, Spain), Gudrun
Marteinsdottir (University of Iceland) and Francois Bonhomme (ClNR&ersity of
Montpellier, France). Mar Gonzalez Hermosa and Delphine Danancher (University of
Oviedo) collaborated in organization tasks. Emmanuel Babatunde (IMR, Norway) attended
the workshop as GENIMPACT coordination manager.

The main outputs of the WP2 were tweaflets, available at GENIMPACT website

(http:// geni mpact.imr.no/workshops/tenerife)
genetic origin of fish and monitoring their
fitness of aquaculture imdvi dual s i n the wildo. These | eaf

the knowledge available on the existing genetic tools for identification of aquaculture
individuals in the wild, as well as to assess their potential impacts on wild populations based
on their fitness. Monitoring tools were reviewed for the 12 species/groups of species
considered in GENIMPACT. Specific research priorities for the future were recommended.
These leaflets are included in the book provided with the materials of the Symposiam and
summary of their content was presented in a poster.

The objectives of the workpackage WP2 were:

- To review current technology for discriminating cultured and wild individuals and for
monitoring impacts of farmed animals on native gene pools

- To review curent methods for measuring and monitoring the fitness of different
genetic types in the wild

- To identify desirable methodological improvements to be promoted in the future.

The utility of nongenetic monitoring tools was examined in the task 2.1 and ean b
summarized as it follows:
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- External identification tags.Shortcoming: tagging small fishPossible solution:
fluorescent implants

- Morphology/MorphometryShortcoming: uncertain accuracy and consistency

- Scale and otolith pattern recognitioBhortcominglaborious

- Biochemical and physiological markersShortcoming: none (but there is little
experience except in Atlantic salmon)

It was concluded that the major problem of fgametic markers consists on limited utility,
restricted only to the identificationf escapees because they are not inherited in further
generations.

Mol ecul ar mar ker s, i nstead, are inherent t o
(progeny can be identified, therefore fithess can be estimated. Although in the past some
markers needed large tissue samples for genotyping, nowadays samplingdsshmctive,
particularly if genotyping is PCRased. Genetic markers can be defined as genetic variants
for identification of biological units. Based on their variation, they carohghly classified

into: 1) Stockspecific markers (invariant within stock, different between stocks), which allow
direct identification of escapees and their progeny, and 2) Variable markers, which allow
individuatbased identification of escapees. Abselmarkers are largely desired by fisheries
managers and scientists. If based on insede&lptions, genotyping is very easy and cheap
(PCR + determination of size of amplification fragments). If based on SNP (Single Nucleotide
Polymorphisms), genotypingan also be easy and cheap (see later) because technology is
improving very fast

PCRfragment size determination in agarose gels (gene: 5S rRNA). by Moran & &&zguez, 2006

Molecular markers can be located in mitochaaddor in nuclear DNA. Mitochondrial DNA
contains the first DNA markers to be extensively used. Its main source of variation is SNPs,
because it mostly contains coding sequences. It exhibits higher mutation rate than in nuclear
coding DNA, therefore highdevels of variation and population differentiation. In nuclear
DNA, allozymes and microsatellite loci have been widely used. Future markers identified as
markers of choice for monitoring escapees are SNPs and microarrays.

Both Aol do and efdvantages and arekcarrersly dmalayed for monitoring
aquaculture escapes. The most popular are allozymes, VNTR (microsatellites), SNPs and
PCRAFLPs. The allozymes are products of genes, this is, they have a function. Although
t hey dondt aiatibnjpolyntorphésm bxistg at many loci. They are employed for
species and stock identification, population structure analysis etc. In a few cases, they are
correlated with performance traits. VNTR (microsatellites) consist of multiple copies of
tandemy arranged sequence repeats. Its frequency in the genome is about 1/10 kb in fishes,
and exhibit high mutation rates, thus they are highly polymorphic. They are currently applied
in studies of genome mapping, population structure, parentage, kinshipnsidakes etc.

SNPs are the most abundant polymorphism in fish and shellfish, adaptable to automation and
codominant. Genotyping can be made employing a panel of very diverse techniques, of
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different technical difficulty and price. Some of them are: dissrjuencing, PCIRFLPs
(about 0.15% of the entire genome), algpecific oligonucleotide (ASO), SSCP, MALDI
TOF, pyrosequencing, Tagman allelic discrimination, -tea¢ PCR and DNA chips
(microarrays). Finally, the last example chosen is PXERPs. Theyconsist of multilocus
fingerprinting detecting indels and substitutions at restriction sites. They are dominant
markers, with large numbers of polymorphisms and high reproducibility. They are widely
employed for species and stock identification, traciogytation structure, constructing high
resolution linkage maps and other purposes.

Why so many molecular markers are needed? There are various reasons, as varied as
aguaculture species and farm situations. First of alpmes of different fish and shédti are

very different. For example, compact genomes have less multiallelic markers than large
genomes. There is also a wide variety of aquaculture situations; when domestic and native
stocks have been separated for generations there is more genetierdieeittan when local
populations are repeatedly used for creating domestic stocks. The variety of populational
situations existing in the wild, and in farm stocks, is also evident: recent bottlenecks imply
less withirpopulation variation, thus individuéased monitoring may be difficult in such
cases. And finally, there are many techniques for individual typing. They can be cheap or
expensive, technically easy or very difficult, require technical expertise or sophisticated
equi pment é Th er markersof choie, it wilhdepend mm @articular species,
popul ation history, situation, |l atitudeé

Some methodological improvements have been identified as useful for monitoring escapes in
the future. For example, DNA chips are useful for detecting SNPsffecies and stock
identification etc), and also for studies of gene expression. New genes and DNA regions need
to be explored because they can be important for aquaculture (may be with a role in
domestication processes):

- Genes with RNA as final product

- Introns with a regulatory role

- Micro RNA

- Mobile elements (DNA transposons, retroelements...)

There are different technologies for SNP genotyping, with different prices depending on the
number of SNPs typed at a time. For 900 samples, genotyping approx 1€a8Nest up to

5,000 U0 employing TaqMan. Sequenom all ows t )
35,000 0. With SNPlex up to 500 SNP can be
65,000 u. Finally, I Il umi na MNPs binnwtaneouslg forot y pi |

40,0061 00, 000 4. Ot her technol ogies are being
(lumina) is expected to decrease price and increase throughput for genotypi3@®00
SNPs simultaneously in the next few months.

The developmentdf new markers and detection of new SNPs are increasingly easier due to
the advent of new sequencing technologies, like 454. This is an emulsion method for DNA
amplification followed by pyrosequencing optimized for solid support. It is highly efficient as

it allows sequencing 25 million bases, with 99% accuracy in only 4 hours run. This and other
technologies will speed up the search of molecular markers, as a whole Rs&gBum
vertebrate genome will be sequenced in a timeframe of months.

The main conclusins obtained in the Task 2.1 can be summarized in three general points.
First, molecular markers should be assessed on a case by case basis. Second, the possibility to
detect escapees can be best assessed if there is a detailed knowledge of poputatienastru

wild as well as farmed populations for the markers considered. Finally, communication with
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aguaculture stakeholders is essential in order to record and monitor information on the origin
and number of broodstocks for every species.

The fitness okscapees in the wild was the main topic addressed in the Task 2.2. Fitness can
be defined as theelative success of an individual in contributing descendants to the next
generation. It depends on many factors, fundamentally on survival and reprodudtien of
individual. Only two species included in GENIMPACT provide examples of studies on
fitness of individuals of domestic origin in the wild. These species are the Atlantic salmon
Salmo salarand the codsadusmorhua For both species, examples have bemvided of
reduction of fitness in the wild following farm escapes. Loegn effects of escapes on
fitness are unknown at the present but have potential for modeling.

From the examples known for those two species, it has been made clear that for mgonitori
fithess changes of wild populations due to introgression it is necessary to understand some
crucial aspects of the species and population biology. Primarily, key life history events have
to be identified, such as maturity, growth, reproduction strageagid others. And second, it is
necessary to know the genetic constitution of the domestic broodstock and the wild stocks for
purposes of identification of escapees and their offspring, but also for assessing the potential
impact of escapes.

In the GENIMRACT workshop held in Thessaloniki, stakeholders discussed all topics
envisaged in the work package 2. Consensus existed in some key points, which can be
summarized in four main statements:

- Reinforce the volunteer collaboration between state and industgcessary. Self
regulation of industry by voluntary code of practice is the best way for protecting wild
populations.

- Preventing escapes is better than assessing impacts

- A better tracking of stock movements will improve traceability

- 1t ds bet t.eButiftestapgs happer, nttis possible to identify the origin.
Molecular markers, although expensive, are the tool of choice for identifying
escapees.

Research priorities
In theTask 2.1, it was reached a consensus on the following research priorities:

- The state of the art is very different for the different species. More markers are needed
for many species considered within GENIMPACT: mitochondrial markers for halibut,
SNPs for turbot, halibut, European flat oyster and lobster, and many others.

- Genomicsstill needs to be developed for European flat oyster, lobster and other
species. Public releases of sequences obtained in genome projects funded by private
companies are also expected for some species included in GENIMPACT, like turbot.

- Intercalibration ofresults of different laboratories is necessary, as well as standardized
protocols and genotyping for the varied present and future molecular markers.

- Databases of produced genotypes and of the genetic material of control individuals are
necessary for alBENIMPACT species.

- Maximize the information obtained from different statistical analyses is necessary in
order to optimize the use of existing and future molecular markers for purposes of
identification of aquaculture individuals in different situatiamshe wild.

- More research is needed with real data sets for understanding the utility of the
different markers (genetics and ngenetics) in practice.

- Much work is needed for identification of SNPs and construction of microarrays in all
GENIMPACT speaess.
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In the Task 2.2, the main research priorities identified during the workshop were the
following:

Evaluate the extent of introgression of cultured individuals in natural populations. This
is the first step for understanding and forecasting impacggjofculture escapes on

wild (conspecific and heterospecific) populations.

Search for major common genes affected during domestication (QTL mapping,
microarrays). SNPs in these genes can be target molecular markers for identification
of escapees and thaifspring in the wild.

Expand studies of fitness related single and multigene traits in cultured species
(identify causative polymorphisms, e.g. SNPS)

Estimate absolute size of native spawning populations in relation to number of
escapees is necessaragsess potential impacts of domestic stocks.

Common garden fithess experiments are necessary for determining the relative fithess
of domestic stocks in the wild, for all GENIMPACT species. It was however
acknowledged the difficulty of such experiments,tipatarly for problem derived

from deliberate releases of domestics in natural ecosystems.
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METHODS OF STUDYING WILD -REARED INTERACTIONS

T. F. Cross

Department of Zoology, Ecology & Plant Science
National University of Ireland, Cork, Ireland

Genetic ad other issues related to interactions between wild and reared animals are reviewed.
The concept of reproductive fitness in the natural environment is defined, and it is noted that
the fitness of reared organisms, inadvertently or deliberately introdmtedhe wild, is
usually lower than conspecific native populations. Thus hybrid progeny between wild and
reared organisms will also have reduced fithess. Because environments have finite carrying
capacities, a reduction in fitness of individuals of a sgewill result in smaller numbers of
animals being present. Competitive interactions between fast growing reared individuals and
slower growing natives can also result in replacement of the latter by the former. Reared
strains can have reduced fitness doienbreeding, caused by the use of small numbers of
broodstock. Domestication selection, caused by relaxation of natural selection in the hatchery
environment and/or deliberate or inadvertent artificial selection, is also a problem with reared
strains inwlved in interactions. An additional issue is the erosion of local adaptation by a
process referred to as outbreeding depression. All of these consequences of interactions are
evident in Atlantic salmon. Their relative importance in other species invatvEdropean
aguaculture is not yet fully established.

Interactions can be studied in opportunist or manipulated situations. Opportunist situations
involve posthoc identification of reared and wild animals, and their progeny. If such
identification is toinclude progeny, then genetic markers are the markers of choice. The
commonest genetic markers utilised at present are the microsatellite loci, which are also used
in human forensics. Most microsatellites are highly variable making them ideal for indlividua
or batch identification. Using several loci in combination and considering genotype at each
locus, then nearly 100% identification is possible.

Manipulated situations, such as the common garden experiments set up with Atlantic salmon
in Ireland (see eher talk), are much more difficult and costly to undertake, but greatly
enhanced data result. Again, identification relies on the utilisation of genetic markers, but here
accuracy is improved by having access to the actual parents used in the expénmiébe

a challenge to set up such experiments with fully marine species, but it may be possible by
combining an element of genetic tagging. Continued experimentation in this field is necessary
to preserve wild populations while at the same time allgwime sustainable growth of
European aquaculture.
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TRACING ESCAPED SALM ON TO ITS SEA CAGE OF ORIGIN

@. Skaala & K.A. Glover
Institute of Marine Research, Bergen, Norway

In 2003, the Ministry of Fisheries and Coastal Affairs took the initiative taiset national
committee to investigate some questions regarding the tagging of farmed fish. The initiative
had its background in White Paper no. 12 (2602 0 0 2) AnCl ean, Ri ch
recommendation from the Energy and Environment Committee, no 1802-2P03)
regarding the establishment of national salmon rivers and salmon fjords.

In the same year, the Director of Fisheries set up the Tagging Committee with representatives
of the aquaculture industry, the research community and the authoritieshevithanhdate to
present a concrete range of tagging/tracing systems for farmed salmon. Based on the
recommendations from the National Tagging Committee the Institute of Marine Research set
up a project group with specialists in genetics, chemistry and popuablogy to design a
project to test out the precision of methods that potentially can be used for tracing escaped
salmon back to sea pen of origin. The focuF BACEYTracing escaped farmed salmon by
means of naturally occurring DNA markers, fattyidaprofiles, trace elements and stable
isotopes)is put on naturally occurring characteristics of the fish, and a-famdntingency
approach. Samples from fish farms and escapees have been collected from two fjord areas, the
Romsdalsfjord and the Hardgerfjord to investigate the various methods for identification.

Following reports by local fishermen of escaped farmed salmon in the Romsdalsfjorden
Norway, baseline samples for DNA analysis were collected from 16 cages located at 7 farms
operating in therea. In addition, 32 escapees recaptured by local fishermen were sampled.
All samples were screened for 15 microsatellite loci. Three of the escapees failed to produce
readable genotypes. Pavise Fst values between baseline samples varied from <0001 t
0.154, indicating variable but significant genetic differences among them. Direct assignment
of the recaptured escapees demonstrated that the most likely origin of 21 of them was from a
single baseline sample (51) collected at one farm. At a probabilidy01, between 25 and 29

of the escapees were rejected in 12 baseline samply, @éScapees were rejected from a
further 3 baseline samples, whilst only 7 of the escapees were rejected from the baseline
sample 51. Consequently, these data demonstratdale majority of the recaptured escapees
most likely originate from a single farm, and importantly, that 15 of the 16 baseline samples
could with high probability be excluded as donors for the majority of the escapees recaptured
in this area. The poteat to use the sampling and analytical logistics described here, in
management and identification of farmed escapees are discussed.
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GENIMPACT WORKPACKAG E 4 - REVIEW OF MODELLING AS A TOOL IN
PREDICTING AND ASSESSING RISK IN CULTURE D/WILD INTERACTIONS:
OVERVIEW, MAIN FINDIN GS AND RESEARCH PRIORITIES

E. Verspoor & J. Gilbey
Fisheries Research Services, Freshwater Laboratory, Scotland, UK

Empirical insight into the risk of genetic impacts on wild populations, of fin and shell fish
species, from culturedoaspecific fish is limited. Empirical studies cannot be easily be
generalised as they provide situation specific information and are extremely difficult, time
consuming and expensive to carry out; thus few have been done. However, the insight gained
from ampirical studies can be enhanced by modelling i.e. by developing formal mathematical
frameworks within which to evaluate expected outcomes from existing knowledge.
Additionally, this process can help to identify and prioritize research needs.

Building onearlier GENIMPACT activities, a workshop was help in Pitlochry on tHe 1’
February 2007 to increase exchanges among researchers developing modelling and simulation
tools, to review state of the art on use of modelling as a tool for assessing thiegesietic

impacts on wild populations from introduced cultured fish, for evaluating management and
conservation strategies for wild populations, and to define future research priorities. The
output of the workshop will be reported ih: Gilbey, E. Verspor, P. Bacon, N. Barton, D.
Crosetti, T. Cross, R. Devlin, O. Diserud, B. Ernande, E. Gaférmuez, B. Gjerde, K.
Glover, K. Hindar, G. Marteinsdéttir, P. McGinnity, J. TuftePJVaha & T. Svasand.
Assessing the genetic impacts of cultured finfish simelifish on wild populations: the role of
modelling, a paper currently in draft form which will be submitted for ppe@ew and
publication in the journal AFi sh and Fisher.i

The workshop concluded that computer models which integrate demographgeagiic
processes and simulate populations, using theoretical understanding of biological processes
and empirical parameter values, provide a valuable tool for identifying research priorities and
understanding risks. However, in developing such modetsciear that the structure of their
demographic and genetic components can significantly influence the predicted impacts and
care is required to ensure these are realistic and corroborated by empirical data.
Unfortunately, the potential benefits of modwel remain to be fully exploited. To date, only a

few interaction models have been developed, and these have been restricted to salmonid
fishes and most focus on the impact of transgenic fish. The development of working-genetic
demographic simulation modetor all cultured native finfish and shellfish species considered
needs to be a research priority.

Research is needed to develop, parameterize and corroborate useful computer simulation
models for the species considered. For most species basic biokigdiak are still needed to
provide essential life history information on wild populations. These need to be
complemented by targeted interaction and transplantation field studies to obtain basic
demographic and fitness data on cultured, wild and hylstdih the wild, and for model
validation and corroboration. Given the long time frames required for interaction studies, it is
urgent these be initiated as soon as possible. Equally important, research is required into the
genetic architecture of fitheshfferentiation between cultured and wild fish; this is a key
determinant of the nature and extent of any impact and an aspect regarding which little is as
yet understood. Finally, a critical need exists for detailed information on another key variable
in determining the actual extent of any impacthe actual levels of interbreeding and
introgression occurring for the different species in the wild.
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MODELLING FROM EXPER IMENTS ON FARMED AND WILD ATLANTIC
SALMON IN NATURE

K. Hindar & O. Diserud
Norwegianinstitute for Nature Research (NINA) Trondheimy\ay

We model effects of escaped farm Atlantic salmBalifho salay on wild salmon, based on
results obtained through experiments with farmed and wild salmon in natural andaseral
environments, anéxtending the results of Hindar, Fleming, McGinnity & Diserud (2006)
(ICES J Marine Sab3: 123447). Farm salmon have been under artificial selection for growth
and other emnomically important traits for 30 years, and are genetically different from thei
origin at the molecular and quantitativengtic levels. Escaped farm salmon spawn in the
wild with limited success. Their offspring outgrow those of wild origin, but suffer higher
mortdity. Wholeriver experiments in Ireland and Norway have shown that lifetime
success of farm salmon is reduced relative to wild salmon. Based on data from common
garden experiments, we model the future of wild salmon populations experiencing invasions
of escaped farm salmon. Sifations with a fixed intrusion rate oD246 escaped farm salmon

at spawning (i.e. near the national average during 15 years of registrations) suggest that
substantial changes take place in wild salmorufadions within ten salmon generations (~40
years). Lowinvasion scenarios suggest that faoffspring are unlikely to establish in the
population, whereas highvasion scenarios suggest that pepahs are eventually
composed of hybrid and farm descendants. Recovery of the wild population is not likely
under all acicumstances, even after maggcades of no further intrusions. Evaluation of the
long-term effects of escaped farm salmon in spawning populations suggests that the average
intrusion rate should not exceed 5 % escaped farm salmon at spawnitgrratizely, that

the gene flow from scaped farm salmon to wild salmon should be less than the gene flow
commonly found among natural salmon populations.ithee case, measures that result in
strong reductions in the escapes of farm salmon and their spawning in the wild need to be
implemenéed now.
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MAIN RESULTS OF THE DISCUSSIONS WITH THE STAKEHOLDERS AT THE
THESSALONIKI WORKSHO P

A. Triantafyllidis

Department of Genetics, Development and Molecular Biology, School of Biology,
Aristotle University of Thessaloniki, Thessaloniki, Greece

The main results obtained in the three expert workshops were discussed with important
stakeholders during the management workshop in Thessaloniki, Greece (AparR'i9
2007). This presentation reports the results of the discussions. The following pounts Ise

taken into consideration not only for these species but for the sustainable development of
aguaculture in general.

Each species should be managed separately

The potential effect of escapees on wild populations should be assessed on a pdrapscies
Each single species/group of species has their particular life history traits, genetic structure
etc. Basic knowledge is still lacking for most species.

Efforts should be made to avoid escapees

Instead of trying to protect the wild populations frestapees, the best logical solution would

be to try to prevent escapes. This will rely on technical improvements from the industry that
have little to do with genetics.

However, it is almost impossible to completely stop escapees. The level of esdteees t
should be considered a threat should also be dealt on a species basis: The intensity of escapes,
the stock structure and the wild popul ati ont
issues. Large populations could probably resist bettempadt of escapes than small ones.
Therefore, wild stocks should be protected.

Public information about the results of GENIMPACT is considered as a way of raising public
concern about this problem. A different point of view stresses that we should nekpvess

our concerns to the point of freezing all activities.

Measures to identify escapees are needed

DNA markers constitute the tool of choice to identify the origin of escapees. However,
traceability of escapees with genetic techniques is consid@ne@xpensive approach.
Economical and technical support by governments and Fishery Directorates is recommended.

Input from modelling assessment and risk

The potential for using modelling studies is recognized. Outputs are not definitive statements.
As models are updated with new information and understanding, outputs may change. When
presenting examples of modelling outputs, it is necessary to avoid the impression of bias by
showing full range of predicted outcomes under the full range of potentiahatiter
scenarios.

Measures to ensure isolation between wild & domesticated stocks are needed

Different measures such as hybridization, sterilization and polyploidy can be applied for
protecting the wild population from the escapees. Sterile fish canplagt af the solution.

Induction of triploidy has been successfully applied in several fish and bivalves and it is not
regarded as a Ageneti c modi ficationo. Howe
populations.
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New techniques of direct genetic mapulation should be under consideration

The commercial farming of transgenic fish is viewed with widespread scepticism. Their
possible release into the wild is regarded a serious threat to ecosystem stability. Only totally
sterile transgenic fish would peesent a commercial innovation. Additionally, it is important

to further explore the potential of DNA vaccination and transgenesis with RNA interference.

Debate on the use of local stocks as broodstocks is ongoing

The use of local stocks for selectieeeding is an option worth considering, but the risk of
these stocks being not competitive in the market should be pointed out. A lot of information is
missing on the interactions between wild and farmed individuals. Fitness experiments (similar
to thosecarried out for Atlantic salmon) should be carried out for other species. Stocking is
recognised as a particular and different case. Avoiding stocking is highly recommended but in
some cases it may be necessary for restoring lost populations or sudtaalngmall scale
fisheries.

Site selection/conservation of wild populations

The places where the aquaculture facilities are sited play a major role in the effect of the
farmed stock on the wild. Additionally, conservation measures are important fectprgt

the wild populations.

Common legislation across EU is needed

Reinforcing the volunteer collaboration between the states and the industry is much better
than imposing protective measures by law. -Badfulation of the industry by voluntary code

of practise is encouraged. The need of legislation to implement control and/or compensation
measures in some cases, however, should be pointed out. Differences between countries at the
legislation level are recognized.

Genetics and the aquaculture industry mteraction

More interaction between ecologists, quantitative geneticists and molecular biologists is
recommended. The application of the genomic revolution is considered premature for
aguaculture. However, it is widely felt that the industry will benéfim the genomic
revolution as soon as its practical implications are better known.
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BRINGING INDUSTRY, GOVERNMENT AND WILD F ISH INTERESTS
TOGETHER. THE SCOTTI SH EXPERIENCE

D. Hay
Fisheries Research Services, Freshwater laboratory, Faskally PitloctwylaBd, UK

Because of the topography of Scotland, most of the important salmon rivers are on the east
coast. Over 70% of wild fish catches are taken in these rivers. Fishing rights on these rivers
are privately owned, readily marketable and often vetyalde. When salmon aquaculture
started in Scotland a pragmatic decision was taken to restrict its activities to the west coast.

As the aquaculture industry grew rapidly on the west coast, public concern about potential
risks to wild salmon stocks from séee and escapes became widespread in the media. The
system of River Boards found on the east coast was largely absent for smaller west coast
rivers as they depend on fishery income to support them. In the absence of local fishery
management on the wesbast, a network of west coast Fishery Trust biologists was
established.

The Tripartite Working Group(TWG) was established in 1999 with the aim of achieving
healthy and sustainable farmed and wild salmonid stocks on the west cBastlafd. The

TWG is dhaired by the Scottish Executive Rural Affairs Department; with other members of
the group being representatives from the salmon farming industry and wild fisheries interest
groups. The purpose of the TWG is to address problems common to salmon farmivitlgland
salmon fisheries and to seek solutions for a sustainable future in both sedtwasnéwork
Agreemenbetween salmon farming and wild fisheries interests sets out the general principles
whereby the Area Management Groups (AMG's) can estabiiestn Management Agreements
(AMA's). A national development officer was tasked with bringing the three groups together
on a local area basis to form AMGs. These groups signed AMA's which were designed to
improve fishery management and develop practical measurfesilitate the promotion and
maintenance of healthy wild salmonid fish and farmed salmon stocks at local levels. Data
were shared confidentially within the groups with the main aim initially of improving sea lice
control. Of the 20 areas identified byet@WG, there are currently 18 AMG's with 14 AMA's
signed.

AMA 'saim to incorporate a range of measures regarding the following:
- Synchronised production between sites within a given management area.

- Achievement of zero ovigerous salmon lice (particuladyiry the critical wild smolt
migration periods between February and June).

- Use of smolts that are vaccinated against Furunculosis.

- Minimisation of farm escapes by following the recommendations of the Escapes
Working Group.

- Consideration to relocation @ome fish farm sites in particularly sensitive areas. If
necessary by encouraging the development of new, more suitable sites, or by
increasing the production in less sensitive sites within the general area.

- Adherence to agreed codes of practice (such @S fodes of practice and
recommendations made by the Joint Government/Industry Working Group on
Infectious Salmon Anaemia).
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Not all areas of the Scottish west coast are covered by AMA's. In some areas it has so far
proved impossible to sign AMA's due toffdrences in views of the participants on how to
proceed. Lack of a synchronous fallowing agreement within an area has led to wild fish
interests refusing to sign up. Where AMA's have been established, information exchange
between the parties has gener&ly to improved local fishery management.

The pattern of escapes from fish farms in Scotland shows two major components, with the
largest being episodic large escapes from fish farms damaged in storms. A minor component
is low level leakage and handlingcdents. Very few escapes are in the intermediate
category. AMA's usually have contingency plans for the recovery of escapes although these
are rarely successful. Deploying nets in the aftermath of storm conditions is usually not
feasible.

The ScottishEg c ut i ve has frentfiahtfaeng aré &nsatten @f eoacern to many.
There has been a rising interest and concern about the numfagmed fish escapesand

their possible impact on wild stocks. These concerns largely focus on the fact thatlescape
fish may occupy valuable habitat to the exclusion of wigh, interbreed with wildfish
threatening the genetic purity of local stocks, and represent a disease hazhst.f&oners,
they represent a | oss of vadeanahe!10of Mag20@2t s . 0
introducing a mandatory requirement for fish farmers to notify Scottish Ministers of any
escapes.
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CHALLENGES FACING THE MANAGEMENT OF AQUACULTURE INDUSTRY
IN NORWAY

L. Holmefjord & T. Lorentz Magnussen
Directorate of Fisleries, Norway

Brief introduction of the Directorate of Fisheries

Vision: Marine Lifei Our CommorResponsibility

Areas of operation: marine resource management, aquaculture management, and integrated
coastal zone management

Head office in Bergeh seven egional branches. 450 employees

Development of Aquaculture industry in Norway

Production 2006:
- Atlantic salmon and rainbow trout 655 000 tons
- Atlantic cod 9 500 tons
Other marine species are not yet fully commercialised
Operating licenses 2006:
- Atlantic salmon and rainbow trout 1 019(1136 sites)
- Marine species 278(415 sites)
- Invertebrates 480(696 sites)

Authorities responsible for management of aquaculture industry
- Directorate of Fisheries
- Norwegian Food Safety Authorities
- County Governor
- Norwegian Natioal Coastal Administration
- Local municipalities

The Aquaculture Act
Adopted by the parliament in 2005, and entered into fotcef Danuary 2006. Four special
focus areas:

- Growth and innovation in the industiy profitability and innovation in light of
Nor wayo6s international competitive situati

- Simplification for the industry and public administratibmgreater efficiency and user
friendliness

- The environmert modern and comprehensive environmental regime

- Relationship to other user interests in the talagonei efficient land/sea area
utilisation

Environmental challenges

There has been a growing awareness of the impact aquaculture activities has on their
surroundings both in the industry, different authorities and among public in general. So one
of the biggest challenges facing the management of aquaculture industry is to find the right
measures to regulate and minimize negative impact from fish farming on the marine
ecosystem.
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Following factors are critical when it comes to impact from aquacultutestny on the
marine ecosystem:

- Diseases

- Parasites

- Chemicals and medicaments

- Nutrient salt and particular organic matter

- Escaped fish

Even though the health situation in Norwegian aquaculture industry is fairly good, there are
still problems relatedtobboh Aol do6 and Anewod di seases. Our
are harmonized with EU legislation.

Salmon lice are still a great threat to wild salmon stocks. More knowledge and more efforts
from both the industry and the authorities are needed tba&time impact on wild stocks.

Escaped fish are regarded as the biggest environmental challenge. Registered figures show
that more than 960 000 Atlantic salmon and rainbow trout and 280 000 farmed Atlantic cod
escaped from Norwegian fish farms in 2006. dp&d fish are a threat to wild stocks, but
represent also loss of reputation and an economic loss for the aquaculture industry.

Measures set down to reduce escapes:
- Technical standards for both new and existing floating constructions (NYTEK)

- Administrative regulations for internal control (requirements for competence, standard
for emergency preparedness and requirements for approval of management)

In 2006 the Directorate of Fisheries adopted an Action Plan to reduce escaping, called
AVi sion: NThe (Has is diyiddedansodive main sections;

- Better regulations

- Better administrative tools

- Increased and better efforts

- Better communication and interaction with other governmental departments
- Better communication with the industry

There are altogber 30 different measures in vision No Escapees. Some of them have been
completed, others are in progress and some have yet to be started. A closer look into the plan
shows initiatives like

- Develop special husbandry procedures requirements for codecultur

- Requirements for reatching escaped fish

- Examine requirements for aquaculture in large units

- Review and consider more stringent demands for sites

- Develop and implement a risk based control system

- Examine the possibility of producing sterile fish

- Devebp new research based implements (TRACES)

- Risk based control system (and increased focus on control, including audit)

You wi ||l find more about v i vewwdiskeridit.hbor aEs c ap e
www.fisheries.no

In order to protect the most important wild salmon stocks, Stortinget decided to establish 29
National Salmon Fjords and 52 National Salmon Watercourses. In these watercourses and
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flords there are additionakstrictions on different activities, included regulations on fish
farms.

There area lot of unanswered questions when it comes to the effect of escapes, including the
risk of damage related to different kind of escapes; what size of fish, time ofwwear,and

where etc. More knowledge about this is essential in identifying right actions from both the
industry and the authorities.

Another important question is future location of sites for production of marine species,

especially Atlantic cod. The effc t of spawning in cages IS no
that the wild coastal cod stocks are in a very bad condition, and that much has to be done to
protect these | ocal stocks. I'tds al so known

Atlantic salmon. This implicates that regulations of cod farming might differ from salmon.

Aquaculture production takes place in coastal airemsesource the industry has to share with

other user interests. In some parts of Nonvagspecially at the west coast suitable
production areas are becoming scarce. There is also an increased awareness of possible
conflicts between fish farming and other activities, like recreation, conservation and other
industries, for example tourism or traditional fisheries. Imptdopé&anning processes and
sufficient tools for monitoring impact from aquaculture industry on their surroundings are
needed.

Finally - management based on scientific advice is crucial for further development of the
aguaculture industry in Norway. Good ceogtion between research institutions, government
authorities and the industry is important in order to

- ldentify critical factors

- Increase knowledge (research)
- Find solutions

- Make decisions

- Implement measures
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Annex i

Posters
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