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Abstract Aquaculture is the fastest growing animal producing sector in the world
and is expected to play an important role in global food supply. Along with this
growth, concerns have been raised about the environmental effects of escapees and
pollution, fish welfare, and consumer health as well as the use of marine resources
for producing fish feed. In this paper we present some of the major challenges
salmon farming is facing today. We discuss issues of relevance to how to ensure
sustainability, by focusing on animal production systems, breeding approaches,
sources for feed ingredients, and genetic engineering strategies. Other crucial issues
such as animal welfare, environmental quality, and ethics are elaborated with regard
to relevance for the sustainability of aquaculture. Additionally, we comment on
socio-economic distributive implications by intellectual property rights (IPR)
strategies on access to genetic material and traceability. To improve sustainability of
salmon farming we suggest that there is a need for new approaches to guide
research, for identification of ethical issues, and for engaging stakeholders in
resolving these challenges.
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Introduction

The world population is growing, putting pressure on our natural resources. This is
one of the challenges to sustainable development. A major issue is the production of
animal protein, and there is an urgent need to find new protein sources. The
aquaculture industry has the potential of contributing significantly to increasing the
supply of seafood in the years ahead.

The Norwegian aquaculture industry has, since its breakthrough around 1970,
developed from being a supplementary enterprise to a full-fledged industry.
Economic incentives have, alongside this trend, led to rapid expansion of the
production of carnivorous finfish species in marine aquaculture (Deutsch et al.
2007; Le Curieux—Belfond et al. 2009). At present, Norway is the world’s leading
exporter of salmon and trout, with ca 50% of the world’s total salmon production
in 2007 (740, 000 tons). In recent years, the export of Norwegian mariculture has
increased 3—7% per year and is expected to continue to grow slowly in the years
ahead.

During the past decade, the trend in the aquaculture industry has clearly been a
concentration toward fewer, but larger fish farming enterprises. New technology is
continuously being developed, and new species, such as Atlantic cod and Atlantic
halibut, are being introduced as farmed species. Important barriers to increased
growth in the industry are the losses due to diseases and parasites as well as
access to sufficient economical feed ingredients, especially of marine fat and
protein.

The growth of aquaculture in Norway has been accompanied by controversy
between, e.g., environmental NGOs and fish farmers related both to potentially
harmful internal effects on the fish themselves, namely animal welfare and health
of the farmed salmon, and potentially harmful effects on the external environment.
Concerns have also been raised about land-use change in coastal areas and the
extensive use of marine resources for producing fish feed, impact on wild salmon
by escapees from the farms, transmission of parasites and diseases between farms
and to wild salmon, environmental pollution from the discharges, and socio-
economic distributional effects of technological and regulatory developments in the
aquaculture sector. Such concerns have also been expressed by consumers that
request more environment friendly production practices (Frankic and Hershner
2003) and by national and international institutions (see for instance Holmenkollen
guidelines for sustainable aquaculture (1998), FAO code of conduct on responsible
fisheries (1995), the EU communication; “A strategy for the sustainable
development of European aquaculture” (EC 2002), and Norwegian ministry of
fisheries and costal affairs (2009); “Strategy for an environmental sustainable
seafood industry”).

Sustainability is vaguely defined and it does not provide explicit directions as to
what the values of sustainable development are and little guidance on how to set
priorities. We therefore begin by discussing the concept of sustainability in relation
to aquaculture practices. We use Norwegian salmon farming as a case, however, we
want to emphasize that issues of relevance in Norwegian aquaculture are also of
importance for aquaculture in other places. Section “Sustainability in Aquaculture:
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Animal Welfare and Health” is focused on the question of whether fish farming can
be ethically justified from an animal welfare and health viewpoint. Because animal
welfare is a vaguely defined concept, we focus and elaborate on aspects relating to
feed and production methods (Sect. “Fish Farming Production Methods—Ethically
Justified From an Animal Welfare Viewpoint”), and fish breeding (Sect. “Sustain-
ability and Fish Breeding”). We draw on debates on animal welfare in agriculture
and discuss what the implications may be for farmed fish. Subsequently, in section
four we discuss the various effects that aquaculture may have on the external
environment in terms of feed and resource use (Sect. “Sustainable Utilization of
Natural Resources™), toxics, diseases, and genetic contamination relating to escaped
fish (Sect. “Toxics, Diseases, and Genetic Contamination”), and issues relating to
access and distribution of breeding material (Sect. “Regulating Access to Breeding
Material in Aquaculture”). Finally, we make some suggestions about novel
approaches to guide research, identify ethical issues and engage stakeholders in
improving the sustainability of salmon farming.

Sustainable Development—The Concept and its Use in Aquaculture

The concept of sustainable development was defined by the Brundtland Commis-
sion as: “Sustainable development is development that meets the needs of the
present without compromising the ability of future generations to meet their own
needs” (WCED 1987). Later on, international Holmenkollen Guidelines (1999) for
sustainable aquaculture have added and included the precautionary principle, the
principles for environmental management inherent in the Rio Declaration of the UN
Conference on Environment and Development, and the principles of Human Equity.
The Rio Declaration takes into account the interdependence between biological,
technological, socio-economic, and ethical aspects.

The concept of sustainability poses an improved tool for decision-making, as it
brings together social, ecological, and economic considerations (Dovers et al. 1996).
Aspects such as more equitable sharing of resources and improvement of ecology,
e.g., environmental health and quality of life, are important issues of the sustainable
framework. However, the Brundtland definition of sustainable development is broad
and vague, which can be seen in the literature as different and contradictory
interpretations of the normative values and the ethics behind sustainable develop-
ment. The main contested values and practices of sustainable development may be
values of sustainable development and how to set priorities (Kamara et al. 2006).
How to achieve maintenance and preservation of nature and biodiversity versus a
just society and versus economic development? Problems related to the practical
implementation can be illustrated as follows: When people recognize that there is a
problem, for instance disease in aquaculture that causes economic losses and
reduces animal welfare or that the use of excessive marine feed need to be replaced
with feed from other sources—people differ on which means should be used to
solve this problem. These examples raise several issues; what kind of strategies
should be employed to take all these considerations into the debate, who are the
relevant stakeholders, and who is going to make the decision?
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Sustainability in Aquaculture: Animal Welfare and Health

Promoting good husbandry practices and ensuring the welfare of farmed fish are
well-established parts of the European Union policy for sustainable aquaculture
development. However, there are often conflicts and trade-offs between short-term
profit of the industry and demand for cheap animal products on one hand and animal
welfare on the other, that the animals probably rarely gain from. Animal welfare has
mostly been discussed in relation to research animals, land based animals for food
production, and pets. Some of these issues will be highlighted before we move into
implications of fish farming on animal welfare.

An important question with regard to animal husbandry is if it is morally
legitimate to use animals merely as a resource or means to meet our needs, or if
there are moral considerations that place restrictions on such an approach. Many
difficult questions have arisen with regard to animals’ intrinsic value. Assuming that
animals do have intrinsic value, all encroachments on their lives (by humans)
become moral issues and demand carefully considered answers and actions. The
Norwegian Animal Welfare Act of 2010, states that animals have an intrinsic value.
This term contributes to clarifying that animal welfare must be prioritized
irrespective of the value the animal may have for people, which also contributes
to clarifying the animal’s status.

The word “welfare” is derived from well + fare, i.e., how well (or dignified) an
animal “fares” (travels) through life. How well is an animal able to regulate its
biological functions in relation to its environment? A function based definition of
animal welfare is given by Broom (1986): “The welfare of an animal is its state as
regards its attempts to cope with its environment.” Other definitions focus on an
animal’s subjective experience or awareness of its condition (feeling based) and/or
on whether it can lead a natural life (nature based). Hence, the term “animal
welfare” applies to both the mental/emotional and physical health (from an
objective standpoint) of the individual animal or the animal’s condition while trying
to cope with its environment. The term also includes behavior, as well as
physiological and immunological factors. In this context, health is defined more
broadly than merely the absence of disease. It is also seen as a condition in which
the body is resistant to negative environmental influences. An important basis for
ensuring animal health is the animals’ well-being. Animal welfare is also more than
just the absence of suffering. It also includes positive welfare, implying that denying
an animal all positive experiences and stimuli is also an ethical problem with regard
to animal protection. “Animal protection” is here seen as the protection of the
mental/emotional and the physical health of each individual animal.

Most current animal ethicists use animals’ ability of sentience for ascribing direct
moral considerations. Here, we support the claims of Lund et al. (2007) that fish
welfare should be given serious moral considerations depending on their possession
of the morally relevant similarities of sentience. The same authors reason further
that fish are likely to be sentient and therefore deserve serious consideration. They
also concluded from a simple risk analysis that the probability that the fish can feel
pain is not negligible and that if they really do experience pain the consequence is
great in terms of number of suffering animals. Hence, farmed fish should be given
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the benefit of doubt. Even from a more egoistic standpoint, we could argue for a fair
treatment of animals. If we inflict suffering upon animals, we violate human dignity
and may contribute to the development of a crueler society, as also indicated by
Mahatma Gandhi.'

Fish Farming Production Methods—Ethically Justified From an Animal Welfare
Viewpoint?

Fish are cold-blooded animals, and thus especially vulnerable to extreme
environmental conditions, such as temperature variations, currents, and algal
blooms. In addition, farmed fish are also subject to handling, transport and chemical
treatments (e.g., delousing). It has been shown that different fish species react
differently to such conditions.

On the one hand, fish farms provide a protected environment for the fish—with
few external enemies, plenty of feed and fresh, clean water. In addition, the fish are
vaccinated against several diseases. On the other hand, however, fish populations in
the net pens are very dense, resulting in a relatively high risk of disease and limited
access to exercise and positive stimuli. Furthermore, the fish are extensively handled
in connection with transport, vaccination, stripping (brood stock), and slaughter.
Breeding and genetic engineering strategies can lead to permanent changes of the
fish populations that may be of relevance for animal welfare.

When discussing whether modern fish farming can be ethically justified, two
main issues must be considered:

e What does modern fish farming actually imply for the fish?
e With what should the conditions in a fish farm be compared to?

There is still insufficient knowledge about what factors are relevant for assessing
the welfare of farmed fish. As a species, salmon actually show signs of having been
domesticated in the course of their 30-year history as a farmed fish—showing less
fear of humans and more frequently swimming in schools. Research on aspects of
fish biology that are relevant for animal welfare issues, such as its sensory apparatus
or its ability to sense fear, frustration, and pain, have not been given priority until
recently. However, researchers have concluded that fish do have the physiological,
anatomical, and biochemical prerequisites in their brain necessary for pain sensation
(Chandroo et al. 2004, b; Sohlberg et al. 2004). Also, their behavior is typical of
reactions to pain, discomfort, and fear.

Should the conditions in fish farming be compared to the fishes’ natural living
conditions, to marine fisheries—or perhaps to the conditions in livestock husbandry
on land? Many species obviously spend all or parts of their wild lives in densely
packed schools (e.g., salmon at sea), whereas other species are much more territorial
(e.g., river trout and salmon) in whole or parts of life. Farmed fish’ schooling
behavior in relatively dense cages can be related to their wild relatives behavior
during their sea phase. If the fish density in cages is too low, we may get more

! Quote of Mahatma Gandhi: “The greatness of a nation and its moral progress can be judged by the way
its animals are treated.”
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unfavorable territory protective and aggressive behavior as in the rivers. Wild fish
can also suffer from diseases, get parasites, and even lack food for a while.
However, when we keep fish in captivity, we become responsible for making sure
that they do not suffer from disease or lack of food. We know little of fishes’
exercise requirements, or if they suffer when not being able to swim freely.
Regarding mechanical strain in nature, one has to assume that a fish swimming
against the current of a Norwegian river will have to endure somewhat of a
“beating.” In traditional fisheries, using longlines, trawl, and fishing nets, as well as
in game fishing, the fish are treated in ways that can inflict considerable pain. Even
though such pain has, more or less consciously, been defined as “necessary” or
“acceptable” suffering with regard to the Norwegian Animal Protection Act, one
can not, however, conclude that this justifies poor welfare in the fish farming
environment.

Fish Welfare Indicators

Recent findings strongly indicate that fish possess a degree of sentience (Chandroo
et al. 2004, b; EFSA 2009; Sohlberg et al. 2004). Physiological, health, and
behavioral status of individual fish have been used as indicators of compromised
welfare (Huntingford et al. 2006). Behavior may serve as an early warning towards
environmental changes (e.g., Beitinger 1990; Dawkins 2003) and is a general
biomarker because behavioral traits are consequences of physiological and
biochemical factors (Dawkins 2003). Thus behavior will give information regarding
the animal’s health and welfare related to different causes. Furthermore, stress
responses are often used as indicators of impaired welfare although physiological
stress is not synonymous with suffering. Little is known about fish perception of its
own welfare, and there is a lack of understanding how objectively measurable
responses to challenges (physical damage and physiological and behavioral
responses) are associated with subjective states of well-being or suffering
(Huntingford et al. 2006). Chronic stress has a general immunosuppressive effect
in fish (Weyts et al. 1999), and increased mortality due to pathogens (Pickering and
Pottinger 1989) is the common outcome. More knowledge about diseases in fish,
about the links between genetics, stress, immune function, and disease states and the
relationship between health and welfare are needed. Hence, there is a need for
methods and indicators and objective criteria for evaluating fish welfare.

The potential significance of brain serotonin (5-HT) for animal welfare is
illustrated by its role in the pathophysiology of depression in mammals (e.g.,
Delgado et al. 1994; Porter et al. 2004). Previous studies in rainbow trout have
revealed that delayed resumption of food intake after stress was associated with
elevated brain stem concentrations of the main metabolite of 5-HT (@verli et al.
2006). Elevated concentration of the serotonin metabolite, 5-HIAA and 5-HIAA/5-
HT concentration ratio is a very general response to stress and adverse experiences
in fishes, which occurs after, for instance social stress (Winberg et al. 1991; @verli
et al. 1999), predator exposure (Winberg et al. 1993), and confinement stress (@verli
et al. 2001). This neurochemical marker remains chronically elevated even after
4 weeks of stress (Winberg et al. 1991) and is also less sensitive to inadequate
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sampling procedures than plasma cortisol. It has been shown to reflect social
organization and welfare in large groups of fish (Cubitt et al. 2008).

Data on fish physiology, biochemistry, and behavior are informative for fish
welfare, but collecting them is time consuming, technically complex, and involves
handling or killing fish in order to collect blood or tissue (Huntingford et al. 2006).
Non-invasive methods exist (Ellis et al. 2004, Turner et al. 2003). However, these
sometimes lack the precision of direct measurements made on individual fish.
Examples of physical welfare indicators are changes in skin or eye color, which
have been reported in a number of fish species. Eye color is an index of social stress/
subordinate status in salmonids (O’Connor et al. 2000; Suter and Huntingford
2002). Abnormal swimming (Holm et al. 1998), unexpected loss of appetite
(Huntingford et al. 2006), loss of body condition (Etscheidt and Manz 1992), and
high frequency of injuries (e.g., dorsal fin injury caused by attacks from
conspecifics) (Turnbull et al. 1998), are all signs of potentially impaired welfare
in farmed fish.

Sustainability and Fish Breeding

In the Norwegian Animal Welfare Act (2010), it is stated that animal breeding shall
encourage characteristics that give robust animals that function well and have good
health. Reproduction, including gene technology, shall not be carried out in such a
way that it:

a. changes genes in such a way that they influence the animals’ physical or mental
functions in a negative way, or continues pursuing such genes,
reduces the animals’ ability to practice natural behavior, or

c. stimulates general ethical reactions

Politically, it is currently not an option in Norway to base breeding on cloning or
the use of transgenic farm animals or fish, since all farm animal associations and the
Norwegian Seafood Federation clearly disapproved of such techniques. Neverthe-
less, gene technological methods are accepted when used as tools in laboratories to
increase the efficiency of selecting breeding animals.

To test and rank families with regard to disease resistance, a group of fish from
each family are infected with a disease agent, and the resulting fish mortality is
recorded. These test fish presumably suffer, but their suffering is justified by the
reasoning that a much larger number of fish can later be spared from similar
suffering as a result of improved disease resistance. On the other hand, one could
say that this is not very relevant to diseases for which the fish are vaccinated against
anyway. However, such considerations cannot be applied to humans, and one may
thus ask if it is ethically justifiable to do so with animals, including fish.

In the Report on animal welfare to the Norwegian Parliament, Stortinget (LMD
2008), specific challenges for fish breeding are discussed. Issues mentioned in the
report include ensuring a selection of functionally healthy breeding fish, and making
sure that the physical environment during incubation and hatching helps to reduce
the frequency of side effects such as deformities and diseases.
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The Norwegian Council for Animal Ethics (advisory body appointed by the
Ministry of Agriculture and Food in collaboration with the Ministry of Fisheries and
Coastal Affairs) made a statement about animal breeding in Norway and
recommended as follows (Anonymous 2009):

1. Efforts to make the fish even more able to sustain the current farm conditions
while avoiding animal ethical dilemmas should be continued.

2. The proportion of vegetable feeds must be adjusted to the current salmonids.
Alternatively, one may consider breeding for developing salmonids that can
utilize a bigger proportion of vegetable feeds without getting digestion
disorders and diseases.

3. The knowledge of basic physiological and genetic factors for health and welfare
of farmed fish should be increased.

Due to concerns about using the limited marine fish resources for feeds, increased
use of vegetable protein and oil is preferred and applied to some degree. However,
as carnivorous species, salmonids have problems digesting diets with high
proportion of vegetable ingredients, and may suffer from digestion diseases. Hence,
the proportion of vegetable feeds must be balanced according to the physiology of
the contemporary farmed fish. The fish ability to utilize and tolerate vegetable feeds
may also be genetically improved by selection.

In contrast to the cooperatively organized breeding work for all other livestock
species in Norway (with the exception of poultry, for which there are no national
programs), salmon breeding enterprises are owned and operated by private breeding
companies. These are either managed by specific limited companies (AquaGen and
SalmoBreed) or as subsidiaries (or divisions) in a larger fish farming corporation
(e.g., Marine Harvest). To start with, the Norwegian breeding material for farmed
salmon was developed from broodstock from 40 Norwegian river populations. The
very first salmon breeding program was cooperatively managed by Norsk Lakseavl,
which in turn was owned by the Association of Norwegian Fish Farmers. After the
liquidation of the Fish Farmers’ Sales Cooperative, the breeding program was taken
over by private players in 1992, and organized as Aqua Gen AS.

These breeding companies conduct traditional breeding activities such as
phenotype testing, sibling testing, and breeding-value appraisal, but some are also
in production and sales of roe, fry, smolt, and consumer fish. Since fish breeding is
carried out by private breeding companies, detailed breeding plans are not publicly
available. However, the companies claim that their breeding programs are sound,
taking inbreeding and multiple traits sufficiently into consideration. For example,
salmon breeding focused to begin with mainly on performance, i.e., weight gain and
maturity. Eventually, other traits such as fat contents, fat distribution, and meat
color were included.

In the salmon industry, a few breeding populations have quickly become much
more efficient than their non-improved and wild relatives, and thus, have come to
dominate the market. Even though farmed fish are at an early stage of their
domestication, with selection having been performed for only a few decades, a rapid
selection response has already been documented for weight gain in several species.
Due to fish reproduction and biology, it is possible to achieve such rapid progress
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through stringent selection. As a result, salmon farmers lack the same diversity of
breeds that can be found in other livestock species—diversity necessary for
crossbreeding and infusion of “new blood.” Crossing farmed fish with wild fish
would result in considerable losses, due to the wild breeding stock’s inferior
performance traits. The farmed fish populations are therefore highly vulnerable,
increasing the need for restricting inbreeding and developing alternative strategies
for the (re-)introduction of genetic variation. It is thus important to take the
precautionary measures needed to avoid the occurrence of inbreeding and the
negative development of traits as was observed in species with similar reproductive
capacities, e.g., broilers and laying hens. To our knowledge, the family based
salmon breeding programs in Norway endeavor to minimize inbreeding rate by
maintaining a large number of families in each generation.

In fish farms and hatcheries, the fish adapt to the farm environment and get
domesticated. With respect to fish welfare, it can be argued that changing animals to
fit ethically acceptable production systems will reduce suffering. However, when
applying more artificial selection, a reason for being careful and for monitoring
selection responses is the considerable lack of biological understanding about
physiology, behavioral needs, and fish welfare, in an industry that develop
extremely fast. This applies to the direct response to those traits selected for, as well
as to any correlated responses in other traits. However, the possible genetic changes
in traits not recorded and selected for are challenging to monitor, as it may be
resource demanding. On the other hand, unfavorable genetic changes may be costly
for both fish breeders and farmers in the long term. For the fish welfare, they may
certainly be critical as well.

Breeding Goals: Implications for Farm Animal Welfare

According to the Eurobarometer a common view in the European society is that
sentient animals are the subjects of moral concern and that humans have a duty to
consider their welfare because of their ability to suffer. This ethical standpoint
regarding the moral status of sentient animals has been clearly expressed in several
European surveys (e.g., Eurobarometer 58.0 2003).

Information about the welfare of the fish during production can be considered as
an extrinsic product quality. Knowing that the fish had “a happy life” may
contribute to the positive experience of a meal. Assuming the goal is profit
maximization, economic values for other characteristics and traits such as
productivity and growth can be derived using profit functions (e.g., Brascamp
et al. 1985; Dekkers and Gibson 1998). However, defining breeding goals involving
valuation of such intangibles as animal welfare in monetary terms is a challenge and
has drawn increasing attention during the last decade (e.g., Torp Donner and Juga
1997; Olesen et al. 2000, 2006).

Animal welfare is a public good (McInerney 2004) and thus a characteristic of
animal products that is not, or only partly, traded and valued in the marketplace
(Randall 1987). Hence, market prices do not fully reflect the economic value people
place on animal welfare (Mclnerney 2004). Studies indicate that Norwegian
consumers don’t see animal welfare in food production as their responsibility
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(Kjgrstad 2005). People direct this responsibility to the government and secondly to
the producers and the retailers. Furthermore, consumers have very little knowledge
about animal production and breeding (Ouédraogo 2003). Many consumers express
concerns about farm animal welfare, but do not choose more expensive welfare
labeled products (e.g., egg from free range layers). Lack of knowledge about animal
production and lack of a feeling of responsibility may be reasons why there is a gap
between attitudes and concerns about animal welfare, on the one hand, and buying
practices, on the other. The above demonstrates that market prices of labeled and
animal friendly products do not reflect the total economic value people place on
animal welfare. To capture more of the total economic value of animal welfare,
studies of people’s attitudes and willingness to pay (WTP) have been carried out
(Bennett and Blaney 2002; Carlsson et al. 2007, Olesen et al. 2010). From a real
choice (RC) market experiment, WTP for organic or Freedom food salmon was
estimated at about 2 Euro extra per kg fillet compared to regular salmon (Olesen
et al. 2010).

Breeding for Better Fish Health

At present diseases are causing economic problems and are affecting animal welfare
issues. Diseases tend to multiply in farm environments and hence represent potential
ecological threats both to the farmed fish itself and to the farm environment. Disease
management through vaccine development and the use of antibiotics raises ethical
issues with regard to animal welfare and environmental concerns and to the
definition of welfare as natural living and behavior. Selection for increased disease
resistance in fish is usually based on challenge tests carried out under controlled
conditions. Challenge-tested fish cannot be used as parents for the next generation
of elite salmon, meaning that selection cannot be applied directly on the breeding
candidates. To circumvent this problem, geneticists have been searching for genes
controlling the degree of resistance to different diseases. Markers for such genes
would be ideal criteria for selection, since they could be applied directly on the
animals without requiring challenge testing. Thus, the accuracy of selection could
be increased while the need to sacrifice fish in challenge tests would be less.
Resistance against specific diseases has been emphasized in Norwegian salmon
breeding since 1995. This is important for the fish themselves, producers and
consumers alike. The Norwegian fish farming industry feels it should pioneer in this
field, since Norway already has extensive experience from breeding for disease
resistance in other livestock species, e.g., cattle. In 2007, Moen et al. (2009)
identified markers for a gene that explains most (80%) of the genetic variation in
resistance to infectious pancreatic necrosis (IPN) in both fry and post-smolts. Based
on these findings, Aqua Gen has developed a tool for directly selecting IPN-resistant
fish. This tool can, with very high accuracy, determine whether individual fish have
zero, one, or two copies of the gene variant (allele) that give high resistance.
Salmon lice (Lepeophtheirus salmonis) presumably make the major health and
welfare problem in the aquaculture industry today. Furthermore, it is also an
ecological problem, since the lice multiply in fish farms, and then spread to the wild
salmon population. Chemical treatment is used to combat the lice nowadays, but use
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of biological measures such as cleaner fish has increased lately due to more
development of resistant lice to the chemical treatment. However, moderate genetic
variation has been shown for resistance to the salmon louse, and thus it may be
possible to reduce problems caused by lice through selective breeding programs
(Kolstad et al. 2005). Breeding for disease resistance in Norwegian salmon and trout
would increase the sustainability of the industry, and the know-how could be
transferred to other aquaculture species.

Prospects for Genetic Improvement of Fish Welfare

Huntingford et al. (2006) list several factors in aquaculture that represent fish
welfare challenges including aggressive interactions, handling and removal from
water, diseases and permanent adverse physical states, and possibly increased levels
of aggressiveness due to selection for fast growth.

Fish welfare was first indirectly taken into account in breeding programs for
Atlantic salmon through the domestication process with adaptation to a life in
captivity by selection for growth performance, where calm and less aggressive and
presumably less stressed animals were selected due to their sufficient feed intake
and faster growth. Secretion of growth hormone is reduced in fish during periods of
stress (Pickering et al. 1991; Farbridge and Leatherland 1992), and may indicate a
negative (but favorable) covariation between growth and stress. Appetite inhibition
is a behavioral response to stress (@verli et al. 1998), and is partly mediated by
hormones involved in stress responses. Fevolden et al. (2002) reported significant
and high heritability of the stress hormone, cortisol (0.50) in rainbow trout. Their
findings gave support to better growth in a low cortisol responding trout selection
line compared to a high responding line. It is further shown that high and low
cortisol responding selection lines show divergent behavioral characteristics (@verli
et al. 2005). Work with salmonids shows that integrated behavioral and physio-
logical mechanism that comprise the distinct “coping strategies” in mammals
(Koolhaas et al. 1999) are also evident in fish, with heritable reactive and proactive
traits demonstrated in rainbow trout (@verli et al. 2005). This may indicate that
selection for growth contributes to development of low responding and proactive
animals that tend to be more dominant and aggressive. However, it has been shown
in both salmon and cod that after a few generations of selection for growth and
domestication in hatcheries and farms, we obtain calmer, less aggressive carniv-
orous fish. In a review of the effects of domestication on aggressive and schooling
behavior in fish, Ruzzante (1994) concludes that domestication may strongly affect
behavioral traits, but it is the intensity of the behavior rather than the behavioral
pattern itself that is affected. Anyhow, more research is needed for a better
understanding of the consequences of these processes.

Selection for high production efficiency in terrestrial animals is known to give
undesirable effects in traits like health and reproduction (Rauw et al. 1998). Hence,
selection for broader breeding goals including functional and welfare traits such as
disease resistance have been applied in Nordic farm animal breeding. Since 1995,
farmed salmon in Norway have been selected for resistance to diseases. Such
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selection for disease resistance will obviously reduce stress and suffering connected
to diseases.

Apart from this, there is a lack of information on genetic variation of many
welfare related traits such as behavior (e.g., aggression) and stress coping. In
addition, information about their genetic covaration with other traits that are more or
less related to fish welfare and selected for in the present breeding programs for
salmon is lacking. Hence, we do not know whether there are unfavorably correlated
responses in some fish welfare indicators, e.g., poorer ability to cope with stress, as a
result of the present selection for productivity, fillet quality, and disease resistance.

It may become increasingly important to consider possibilities for more direct
selection for fish welfare indicators in future breeding of salmon. Heritabilities of
welfare traits for terrestrial farm animals have been estimated, but estimates for
farmed fish are lacking. Differences between wild and captive fish populations have,
however, been investigated and it is concluded that there are genetic differences
between wild and captive populations of Atlantic salmon regarding survival and
maturation (McGinnity et al. 1997) and behavior such as anti predator behavior
(Petersson and Jarvi 2006) and dominance (Metcalfe et al. 2003). Coho salmon
artificially bred for four generations showed less aggressive behavior and a lower
general activity than wild salmon (Fleming and Gross 1992). Hatchery reared
salmonids showed a weaker antipredator response (Johnsson et al. 1996) and less
physiological stress due to higher stocking densities (Mazur and Iwama 1993) when
compared to the wild. As farmed fish adapt to the farm environment through
generations, such domesticated fish will suffer less in the captive farm environment
than wild fish. Hence, it can be argued that changing animals to better fit ethically
acceptable production systems will reduce suffering and improve fish welfare.

Relevant fish welfare indicators or traits that currently can be taken into account
in selective breeding are growth, survival (or mortality), social interactions/behavior
(e.g., cannibalism for carnivorous species), and frequency of injuries (e.g., fin
injuries) (Turnbull et al. 1998). For estimation of genetic parameters for such traits,
some methodological issues also need to be studied. For example, different models
can be applied to improve genetic analysis of survival time. Further, mixed model
methodology for studying competitive or aggressive behavior affecting growth in
fish exists (Muir and Schinkel 2002; Rutten et al. 2006), which may be particularly
important when improving domestication of new cannibalistic species such as cod.
These models may be applicable for analyzing genetic variation of aggression on
other welfare traits such as fin injuries, deformities, survival, and feed intake. A
main advantage of this method is that there is no need for monitoring and recording
fish behavior for the sake of selection. However, for the sake of monitoring genetic
changes to avoid other possible unfavorably correlated development in behavior,
recording of behavior may still be needed at regular time intervals.

Non-Market Economic Values for Fish Welfare Traits
Low heritable traits such as health, welfare, and fertility might deteriorate even

when these are included in the breeding goal. Such deterioration in traits important
for animal welfare is obviously in conflict with animal welfare goals and may not be
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socially acceptable although it may be profitable for the individual farmer. Olesen
et al. (2000) suggested weighing of each trait in the breeding goal by both their
market and non-market values. By including non-market values in the breeding
goal, such low heritable traits related to animal welfare can be given the appropriate
social weight in order to avoid further deterioration due to intensive selection for
production traits (Nielsen et al. 2005, 2006). As will be discussed more broadly in
Sect. “Regulating Access to Breeding Material in Aquaculture,” patent systems
tend to prefer what is more “easily” patented rather than what is “best” from a
number of other perspectives (fish health, environment, socioeconomic, equity, and
ethical). This raises the question of what strengthened systems for intellectual
property rights (IPR), such as patents, may imply for breeding goals and the more
general goal of stimulating sustainable aquaculture.

Sustainability in Aquaculture: Effects on the External Environment
Sustainable Utilization of Natural Resources

Thomson and Nardone (1999) discuss two different approaches to sustainable
animal production: “resource sufficiency” and “functional integrity.” The first
assumes that necessary production resources are available in the future, and are
thus dependent on the rationalization of inputs and production. Functional
integrity however, assumes that important parts of a production system (farm) are
reproduced within the system over time in a way that is dependent on previous
systems. The various parts can have both ecological and social limitations, and
this approach is more in line with the definition of sustainability mentioned in
Sect. “Sustainable Development—The Concept and its Use in Aquaculture”. In
addition to environmental restrictions, it also includes economic, social, and
cultural dimensions, as employed by the UN’s Food and Agriculture Organization
(FAO 1992):

“Sustainable development is the management and conservation of the natural
resources base, and the orientation of technological and institutional change in such
a manner as to ensure the attainment and continued satisfaction of human needs for
present and future generations. Such sustainable development in the agriculture,
forestry and fisheries sectors conserves land, water, plant and animal genetic
resources, is environmentally non-degrading, technically appropriate, economically
viable and socially acceptable.” If “animal needs” was added to “human needs” in
this definition, the sustainability concept may be much improved with respect to the
moral standard of the society.

In Norway, there is a general high level of awareness about the importance of
environmental and social factors for agriculture and aquaculture. One could thus say
that in, e.g., Norway the term “sustainable food production” is a multi-dimensional
concept, as, e.g., the agriculture policy includes a broad range of objectives such as
maintaining rural settlement, protecting breeds at risk, preventing soil degradation,
and giving priority to animal welfare (The Norwegian Government 2005). This is
also reflected in present regulations of fish farms and production (Act of
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Aquaculture with associated regulations for salmon farming?). For instance, the
production of roe, smolt, and consumer fish is regulated by concession rules and
limits. The maximum annual biomass allowed per concession is currently fixed at
325 and 780 tonnes in fresh water and sea water, respectively. Consumer fish
production is regulated by several laws and regulations, which specify such
parameters as fish farm size and management. In addition, facilities are assessed
with regard to their environmental effects based on information about current and
standardized environmental analyses including seabed conditions. While the
objective of the recent and current policy seems to fulfill many criteria of
sustainable aquaculture, it still remains to see that the necessary measures are
implemented for succeeding to meet its goals.

The fishing industry is mainly based on the utilization of wild fish, with an annual
global catch of about 60 million tons of consumer fish per year. This figure has been
rather stable for several years, and it is not expected that the catch can be increased
substantially in the future. Salmon feed has largely been based on fish meal (about
40-60%) and fish oil (about 20-30%) from wild marine fish such as anchovies,
pilchards, mackerel, herring, and blue whiting. Hence, a future constraint for
expansion of salmon aquaculture is to find good substitutes for fish and fish oil as
resources in feed. Furthermore, the use of fish for producing feed has caused critical
questions concerning the environmental sustainability of using marine resources in
salmon feed production, as it takes more than one unit of wild fish as feed input to
produce one unit of farmed salmon (Naylor et al. 2000). Hence, the future of salmon
aquaculture depends on the adoption of alternative sustainable feed resources in
order to reduce the need for fish meal and fish oil. Potential new resources in salmon
feed include species from lower trophic levels, by-products and by-catch from
fisheries and aquaculture, animal by-products, plants, genetically modified (GM)
plants, and products from microorganisms and GM microorganisms. Especially, the
replacement of traditional fish feed with GM feed, as GM plants with improved
nutritional constituents and modified oil has potential for reducing the need of feed
sources from the marine environment.

In a recent study by Gillund and Myhr (2010), perspectives on alternative feed
resources for salmon fish were identified among stakeholders in Norwegian
aquaculture. In this study, the participants defined a broad range of appraisal criteria
concerning health and welfare issues, economical issues, environmental issues, and
knowledge and social issues that illustrates that finding sustainable alternative feed
resources is not an easy task. For instance, there are divergent opinions on the
benefits, concerns, and uncertainties when evaluating GM plants, and species from
lower trophic levels. When assessing environmental issues, the participants in this
study expressed opposing views with regard to whether current knowledge about
species from lower trophic levels is sufficient to define sustainable levels of harvest.
Moreover, the sustainability of plant production in industrial agriculture, and
particularly the cultivation of GM plants, was contested among the participants.
Hence, the authors argue that there is a need of further research on the suitability of

2 Forskrift om tillatelse til akvakultur for laks, grret og regnbuegrret (Laksetildelingsforskriften).
http://www.lovdata.no/for/st/fi/fi-20041222-1798.html.
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alternative feed resources for farmed salmon and also that stakeholders should be
involved to identify perspectives on the different alternative resources.

The new possibilities raised by genetic engineering has made it possible to
develop transgenic fishes, genetically modified (GM) plants as edible vaccines and
GM feed, GM and DNA vaccines, all of which may offer a technological solution to
some of the problems aquaculture is struggling with at present. On the other hand,
such introduction involves ecological risk; (i) transgenic fish may breed with wild
fish, (ii) GM feed could be spread to the aquatic environment and consumed by
other marine organisms, and (iii) horizontal gene transfer may occur from DNA in
feed or vaccines to the recipient genome or by feces to the environment (Myhr and
Dalmo 2005). These potential implications raise important questions; what type of
applications should be permitted, and where do we draw the line? Should gene
transfers between species be banned? This discussion also relates to the issue of
patenting these new products developed by genetic engineering, genetically
modified organisms (GMO), and products derived from these (more in Sect.
“Regulating Access to Breeding Material in Aquaculture”).

There are often trade-offs between efficiency and considerations for health and
the environment. Under consideration of the precautionary principle, attention is
given to the identification of risk, scientific uncertainty, and ignorance, and it
involves transparent and inclusive decision-making processes (Kriebel et al. 2001).
In the case of valuable technology that enables the improvement of human health or
even the saving of lives, such as the use of animals as bioreactors in the production
of medicines, a certain risk of adverse effects can be accepted. However, if the
expected benefits are insignificant, e.g., a slight drop in food prices, or if the risk of
adverse side effects is relatively large, this could justify the limited use of such
technology on the basis of ethical considerations. A common viewpoint is thus that
the use (or non-use) of genetic engineering as such is not a relevant question, but
rather the trade off between any benefits and the adverse effects of possible side
effects where significant emphasis is put on the inherent uncertainties.

Some of these issues are regulated in Norway by the Gene Technology Act of
1993, which cites contribution to sustainable development and societal utility as
criteria for accepting any GM product or produce. In a recent report requested by the
Norwegian Directorate of Nature Management (Myhr and Rosendal 2009), it was
found that there is very little information both in the literature and in marketing
applications of GMO received by EU authorities from GMO developers on how
GMOs contribute to any of these criteria. Furthermore, they found that most risk
assessment and management of GMOs lack an acknowledgment of the relationship
between short term concerns for human health and more long term concerns for
environmental consequences. Accordingly, the authors emphasized the need for
research on how GMOs affect sustainability in Norway as well as in countries that
Norway may import GMOs and GM based products from.

Toxics, Diseases, and Genetic Contamination

The contents of persistent organic environmental pollutants (POPs) such as dioxins
and PCBs in farmed salmon are among the greatest challenges with regard to its
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food safety. Hites et al. (2004) showed that farmed salmon contained more
organochlorine contaminants compared to wild salmon, and that European raised
salmon had higher contaminant loads than North and South American salmon. They
also raised concerns about the possible health risks associated (increased number of
cancer deaths) to consumption of farmed salmon due to the concerted effect of all
POPs, although the levels for each pollutant were below the maximum recommended
levels. Fish feed was also analyzed and suggested as the main source of POPs in the
salmon. However, the benefit from salmon in human diets is debated, and several
argue that the cardiovascular benefits outweigh possible harmful effects (Tuomisto
et al. 2004). Anyhow, reducing the amount of pollutants in the fish feeds may reduce
the health risks of salmon consumption considerably. Efficient methods for removing
POPs from fish oil have been developed (Breivik and Thorstad 2002, 2005). The
reason that the fish oil used in the fish feed has not been purified is probably due to
higher costs. However, more use of vegetable oil and oils from South America in
salmon feeds has probably reduced the POPs in Norwegian salmon considerably in
recent years. High levels of vegetable oils will, however, reduce the level of the
favorable (healthy) n-3 poly unsaturated fatty acids, i.e., EPA and DHA.

Anyhow, recent trials have shown that salmon fed feeds containing decontam-
inated and purified fish oil are healthier and have a firmer fillet, and that the feed is
also utilized better (Haegermark 2009). This should definitely be included in the
evaluation of whether or not it is profitable to use purified fish oil in salmon feeds.
On commission for Pronova BioPharma, salmon trials through the smolt phase to
the full grown salmon that had reached slaughter size were carried out with feed
containing purified and not purified fish oil. Growth, health effects, and fillet quality
of the fish and possible effects of feed containing purified or not purified fish oil was
studied. The trials showed a trend of better growth and feed utilization among
salmon that consumed the feed containing purified oil. Furthermore, the salmon that
received the feed with purified oil appeared to better tackle the handling stress
during the slaughtering process—measured as a delayed pH reduction after killing.
Other stress markers showed the same tendencies. Another important advantage by
cleaning fish oils is that by doing this, the feed and aquaculture industry may
contribute to removing POPs from the natural food chains, and prevent further
accumulation and harmful effects in wild organisms.

Public opinion is an important factor for further development of aquaculture. As
a result, the aquaculture industry has become very aware of its importance and has
drastically reduced its use of antibiotics. In 1987, the administration of antibiotics in
Norwegian fish farming reached its maximum of 49 tonnes. The administration to
all Norwegian farmed fish in 2007 was 648 kg, which makes a reduction of ca
800 kg, or 56% from 2006 (Directorate of Fisheries 2009). While nearly 0.9 kg
antibiotics was used per tonne of slaughtered salmon and trout in 1987, the
administration is now below 1 g per tonne.

Escapees; Ethical Issues and Implications for Biodiversity

There has been widespread debate about, and considerable fear of the possible
negative effects of escaped farmed fish on wild populations. Genetic interaction
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between escaped farmed fish and wild populations has been proven (Crozier 1993;
Clifford et al. 1998; McGinnity et al. 2003; Hindar and Jonsson 1995).
Environmental and genetic differences between farmed fish and wild populations
include fitness traits such as survival, body shape, growth, competitiveness, and
reproduction. Escapes of farmed salmon have been significantly reduced; from 1.6—
2 million (2-3% of the total farmed fish production) in the late 1980s, to 0.4 million
(0.1% of the total farmed fish production) in 2002. The recent years, the number of
escapees has increased again up to 0.7 million (Jonsson et al. 2006). It is reported
that the farmed salmon make on average 11-35% of the total number of broodfish in
the rivers. The escaped farmed salmon compete with the wild salmon for food,
habitats and spawning grounds, they spread parasites and diseases and through
mating, they change the genetics of the wild populations. Salmon louse is
considered the most serious disease threat to the wild salmon in Norway. There are
regulations for registration of number of salmon lice on farmed salmon as well as
for delousing (e.g., with chemicals such as benzoate and pyrethroids) to keep the
level of salmon louse larvae low in the period that the wild salmon smolt move out
to the sea (spring and early summer). Hence, maximum number per fish is 0.5
female salmon lice from January to June. In some areas they synchronize the
delousing in different farms to improve the efficiency of delousing.

Since 2003, salmon farming has been banned in several large fjords in Norway to
protect important, threatened salmon populations (Directorate of Fisheries 2010).
Today, a total of 52 national salmon river systems and 29 national salmon fjords are
protected. There are several reasons for this protection: salmon has an important
value as a cultural icon in Norwegian society, wild-salmon fisheries is considered
important for recreation and for income, and it is considered important to protect the
genetic diversity of the wild salmon populations. Not least, Norway has a special
management responsibility for wild Atlantic salmon: About 50% of this species is
found within Norwegian jurisdiction, and Norway is obliged under the Convention
on Biological Diversity to take measures for its conservation and sustainable use.

Genetic Impact of Escaped Farmed Salmon on Wild Populations

The conservation of the genetic diversity of wild salmon populations is important,
both to maintain the wild salmon populations and as a source of potentially valuable
diversity for future breeding work. However, it is difficult to totally prevent farmed
fish from escaping, so there will always be some interaction with wild fish.
Concerning genetic interactions and implications, Verspoor et al. (2007) concluded
that farm escapes can have significant direct and indirect negative impacts on wild
populations by reducing productivity and mean fitness of wild populations by
competitive, disease, and parasite interactions. Effective containment and consid-
ered location of farms, involving epidemiological zones and vaccination programs
to control disease and parasites, as well as maximizing domestication of farm
strains, are the best ways to ensure avoidance of direct and indirect genetic impacts.

Genetic variation in the farmed fish populations can provide a basis for natural
selection to counteract the loss of fitness in the affected wild populations. Breeding
programs based on many families and broad breeding goals will help to maintain
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such genetic variation and avoid the loss and fixation of alleles. The use of
broodstock from several local populations in the establishment of a breeding
program’s base population also reduces the risk of introducing new alleles in local
populations via escaped farmed fish.

Tufto (2001) modeled the effects of migration on the population size and
evolution of a quantitative trait. He concluded that genetic difference between wild
and farmed fish populations was especially important for the effect of farmed fish on
wild fish populations. A moderate genetic gain thus reduces the probability of a
negative effect on the wild fish populations. Of course, this is less desirable for the
fish farmers. Alternatively, one could imagine that large, rapid genetic improve-
ments would be more favorable, since this would reduce the fitness of the farmed
fish to such a degree that a genetic contribution from these to the next generation of
wild fish could be avoided.

Neutral alleles without any effect on the fitness of wild fish can be lost in the
farmed fish populations as a result of random drift. The loss of alleles can then be
transferred to the wild populations through the long-term impact from escaped
farmed fish, as discussed by Bentsen and Thodesen (2005). Alleles that are neutral
today may, however, play an important role for fitness in the future. An option would
thus be to cross the farmed fish with individuals from wild populations to reduce the
risk of losing such alleles. Crossing different breeding populations is another, and
perhaps easier and less costly strategy for the prevention of such allele losses.

The use of sterile, triploid farmed fish has also been suggested as a way to
prevent the genetic impact on wild fish populations. However, this strategy is costly
in Atlantic salmon, due to slower growth. It may provoke ethical concerns among
consumers and there may be unknown ecological effects of unchecked growth,
because triploid fish do not reach sexual maturity.

Genetic Impact of Escaped Transgenic Farmed Salmon on Wild Populations

Improvement of transgenic techniques and functional genomics has opened up vast
possibilities for the development of transgenic fish. These possibilities include
enhancement of the quality of cultured stocks by improving growth rate and cost
effectiveness, increasing resistance to disease and stress, and creating new or
different products through alteration of the fish genome (Melamed et al. 2002). In
particular, the ability to manipulate growth rates through the introduction of growth
hormone (GH) genes has been applied frequently in transgenic fish research (FAO
2003), and this has been most successful in species such as Atlantic salmon, coho
salmon, Nile tilapia, and hybrid tilapia. By the application of genetic engineering,
an increase of growth rate in juvenile salmon has been achieved that was 4—11 times
the rate of non-transgenic controls (Devlin et al. 1994, 2004). Devlin et al. (2001)
found that although the transgenic trout grew much faster than non-transgenic wild
sibling controls (achieving a 17.3-fold difference in weight by 14 months post-
fertilization), introducing the growth-hormone construct into a domestic strain did
not cause further growth enhancement. Research by AquaBounty (subsidiary of A/F
Protein Inc.) has resulted in the AquAdvantage, a transgenic Atlantic salmon that
contains a gene construct composed of the regulatory elements of an ocean pout
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antifreeze protein gene controlling expression of a chinook salmon GH gene. The
company is seeking approval for commercial use of this transgenic fish, and the
application has been under evaluation in almost 10 years by the US Food and Drug
Administration (Niiler 2000).

There are obvious economic advantages arising from application of genetic
engineering to fish; however, transgenic fish also involve potential ecological
hazards and ethical dilemmas to society. There are numerous examples of the
substantial problems that can be caused by the introduction of plant and animal
species to new habitats. It must also be concluded from previous studies that we
only have very limited knowledge about possible negative side effects. Often, we
lack both the creativity and the know-how to ask the necessary critical questions,
which would enable us to examine the potential risks beforehand. The use of
transgenic fish is thus a gigantic experiment with nature.

During commercial aquaculture, transgenic fish will certainly escape into the
environment. The environmental impact may depend on the number of escaped fish,
their phenotypic characteristics (related to ability for reproduction and survival over
time), and the aquatic biodiversity present in the receiving ecosystem (Kapuscinski
and Brister 2001). At present, there are three dominant hypotheses with regard to
potential ecological effects by release or escape of transgenic fish (Muir and
Howard 2001, 2002; Pew Initiative on Food and Biotechnology 2003):

e The Trojan gene hypothesis; if there is a trade-off of fitness costs and benefits
due to expression of a transgene, the impact of introgression of the transgene
into the population will depend upon the net impact on fitness.

e The Purge hypothesis; if the transgenic fish has lower fitness than the wild-type
conspecifics, hybridization will cause the transgene(s) to be purged from the
species through natural selection, and the wild stocks may persist.

e The Spread hypotheses; if the fitness of the transgenic fish is equal to or exceeds
that of its wild-type conspecifics, hybridization will cause the transgene(s) to
enter into the wild population and will result in a loss of genetic diversity.

The question with regard to whether the release or escape of transgenic fish will
result in ecological impacts needs to be scientifically substantiated. Interestingly, in
order to minimize the risk of transgenic fish breeding with wild populations after
accidental release or escape, genetic engineering has been applied for producing
either sterile fish or fish where reproductive activity can be specifically down-
regulated with inducible promoters (Melamed et al. 2002). Such promoters can be
turned on through exposure to specific chemicals or metals. These characteristics
would be of value, allowing both optimal growth and controlled reproduction of the
transgenic fish, while ensuring that any escaped fish would be unable to breed.

Regulating Access to Breeding Material in Aquaculture
The rapidly increasing value and interest in marine genetic resources, coupled with
their vulnerability due to loss of biodiversity and challenges for obtaining a fair

distribution of the benefits make the issues of access and legal protection of
breeding material particularly relevant. Breeding companies, marine bioprospecting
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institutions, and investors in genetic engineering need protection of their improved
genetic material to assure revenues from innovation and investment. At the same
time, these same actors as well as fish farmers also need access to marine genetic
resources for food production and further innovation and development (Rosendal
et al. 2006; Olesen et al. 2007). For prolific animals such as poultry or fish, pirate
breeding of just a few individuals can be extremely efficient and lead to
considerable losses for the breeding companies. Protective strategies such as hybrid
breeding have often been used, e.g., in pig and poultry breeding, whereas royalty
agreements have been made between breeding companies and buyers for pigs and
various fish species. Combined with continuous upgrading of the genetic material
through selective breeding, this also seems to be the preferred strategy among fish
breeders (Olesen et al. 2007).

Olesen et al. (2007) found that the predominant view among Norwegian salmon
breeders was that the sector needs a balance between access to breeding material
and protection of proprietary innovations in fish breeding. Furthermore, there was
an emerging realization that the value of improved breeding material is underes-
timated, leaving the farmers to reap most of the added value from fish breeding and
farming. Consequently, there is an emerging interest in finding some way of
capturing the value of the improved stocks among the fish breeders. Rosendal et al.
(2006) presented the rationale for ensuring access to and protecting genetic
resources in aquaculture, and discussed different options for protecting genetic
improvements with respect to investment returns and possibilities for further
innovation, access, and genetic diversity. Few other empirical studies have been
conducted pertaining to the links between innovation and intellectual property rights
in farmed animals and aquaculture (Greer and Harvey 2004). The issue has only
recently been included in the working agenda of the Commission on Genetic
Resources in the Food and Agriculture Organisation of the UN (FAO).

Access to genetic resources pertaining to aquaculture is vital for the future
development of this sector, which is becoming increasingly important in Norway
along with other parts of the world, not least with a high potential for increasing
food security in developing countries. For instance, carp farming makes a major
proportion of the global aquaculture, and is important as a relatively inexpensive
protein source. Breeding efforts have, for example, resulted in genetic improvement
of about 20% faster growth per generation of farmed Rohu carp in India
(Anonymous 2004). A major challenge in shrimp and fish farming is diseases, which
cause severe losses and risks. Access to resistant breeding material will therefore be
crucial for both shrimp and fish farmers and breeders in all parts of the world.
Access to medicines and vaccines being developed for fish and shrimp diseases may
be even more important to the actors in this sector. There are large economic stakes
involved and a wide array of choices concerning legal and biological protection of
genetic improvements.

Currently, relevant types of legal regimes at national and international levels are
under development and meanwhile domestic and external activities take place in an
unclear legal situation (Tvedt 2005). However, researchers and smaller research
institutions may find other options than patents more feasible and rewarding for their
activities and innovations because they lack the institutional resources to pursue and
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enforce patent rights. Currently, fish farmers have equal access to the genetic
improvements, and the breeding system is able to supply enough spawn to cover the
entire industry’s demand. The biggest breeding company (AquaGen) is now more or
less foreign-owned, following the German EW group’s purchase of 52% of
AquaGen. The effects of patents are uncertain as the structural development in the
aquaculture sector is increasingly turning to privatization and market consolidations
(fewer and larger market actors). Biologically, the aquaculture sector is less adjusted
to the use of patents compared to plants, but this may change with the application of
gene technology, which may bolster patent strategies for competitive reasons. The
real value in breeding programs lies, however, in continued upgrading and
improvement and patents are not useful for this.”> In effect, distributional issues,
such as the objective of securing access for the poor market actors, become
increasingly topical also in aquaculture. In addition, the patent debate involves the
question of effects on new breeding goals, such as animal welfare and environmental
aspects (see Sect. “Sustainability and Fish Breeding”). This has clear parallels to the
situation and debate characterizing the privatized pharmaceutical R&D sector, where
developments of new vaccines and medicines increasingly turn to cater mostly for
the needs of those who can afford to pay the market price (Sandberg 2009).

Genetic Engineering as Drivers for Patenting

There has been a strong policy to stimulate patenting in research and development
projects, an activity that is also stimulated by genetic engineering applied within
pharmacology and medicine as well as genetically modified organisms (Rosendal
et al. 2006:403). The fast growth of aquaculture has also stimulated research into
salmon genomics and the corresponding problems due to diseases have triggered a
massive effort into development of efficient vaccines where, for instance, use of GM
and DNA vaccines is one important strategy.

Increased knowledge about the genome of the fish species will increase the
applicability of the patent system for protecting the commercial use of such
knowledge. Genetic engineering may reduce the barriers to patenting inventions, but
has so far not been much applied in animal breeding in spite of high expectations for
a long period (Olesen et al. 2007). Genetic modification strategies used for
development of transgenic fish will facilitate protection through patenting in the
same way as other genes, and it may be easier to enforce patent rights of transgenic
fish by identification of the unique gene construct that is transmitted and that will
not be present in other fish. This may be a driving force towards permitting
production of transgenic fish also in Europe, where a restrictive GMO policy has
been practiced. Noiville (1999) focused on the risks of the patent law in the
traditional breeding and also the problem with broad patents. On a similar note, Rye
(2000) has stressed the problem of lack of legal mechanisms for sharing the benefits
between a patent holder and the breeder or owner of the fish population, which
constitutes the origin of the patented gene or animal. Moreover, if there are many

* This is a preliminary finding from the project “Stimulating sustainable innovation in aquaculture”
(Project Number: 187970, funded by the Research Council of Norway).
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patents in one field of technology, it may become difficult and costly for new
inventors to obtain licenses from all patent holders. Such practical and monetary
obstacles may hinder the development of new inventions in a technical field.

Implications of Demands for Traceability

Consumers’ increasing demand for traceability of food products has resulted in an
improved documentation and infrastructure of the information about the production
through the whole production chain. Soon, only marginal improvements on the
logistics and documentation are needed to fulfill the requirements for implementing
mandatory pedigree certificate as described by Rosendal et al. (2006). A trace
system may then be used to ensure that the breeder receives royalties according to
the material transfer agreement for the use of their brood stock. It may be relatively
easy to establish such a system on the national level, but an international system will
be rather challenging to initiate and enforce, and hence this needs further
considerations and analysis.

New Approaches and Recommendations to the Identified Challenges

Olesen et al. (2000) reviewed impact of characteristics of future sustainable
production systems and development, and emphasized the need for long-term
biologically, ecologically, and sociologically sound breeding goals, because animal
breeding (and hence production) determined only by short term market forces leads
to unwanted side effects. Implementation of both market and non-market values was
recommended to allow for breeding programs that contribute to sustainable
production systems. Important prerequisites for sustainable production are appro-
priate governmental policies, awareness of our way of thinking, and a more
communal worldview informed by a subjective epistemology and holistic ontology
(Olesen et al. 2000). Agriculture policies in Norway and EU have many good
objectives covering a range of criteria required for sustainable production as well as
many regulations to fulfill many of these. Emphasizing values other than short term
economic profit may be challenging for a vulnerable industry in a competitive global
market and that is subject to biological and ecological factors and operating with
small margins. Hence, it still remains to be seen whether the requested priorities of
non-market values of, e.g., animal ethics and long-term goals of managing
environmental goods and natural resources, are given in aquaculture regulations
and production. This will depend on both the Governmental institutions as well as the
industry that will have to increase their efforts to succeed on sustainable aquaculture.

In the EU communication “A strategy for the sustainable development of
European aquaculture,” it is stated that scientists should “recognize the responsi-
bility to develop and make available the best technology, in particular for the
efficient use of the resources and for avoiding harm to the environment” (European
Commission 2002). Accordingly, scientists are challenged to acknowledge the
potential adverse effects of science and technology as well as their products to the
environment. Such a challenge involves application of a precautionary approach
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that includes initiation of targeted studies of specific hazards and that ensures that
preventive measures are incorporated into a research and policy agenda that
encourage broad and long-term thinking, and that initiates integrative research to
identify benefits, risks as well as uncertainties. Furthermore, the complexity of
aquaculture necessitate that different scientific disciplines need to be involved as
compatible providers of information and models for studying the problem or the
system. Interdisciplinary approaches will bring redundancies into the process and
entail a challenge to the different disciplines to understand and be respectful of other
interpretations, methods, and models, but will evolve the scientific understanding
and improve awareness of sustainability. The societal aspects and ethical issues
involved entails that deliberative approaches are also needed to be employed to help
in identifying what is considered as sustainable aquaculture.

Such approaches can open for discussions about, e.g., how animal welfare is
affected by different practices and can identify perspectives on the resources for
feed and the use of new technologies. This may help to get more broad views that
would help to address the wide array of implications as well as the significance of
uncertainty for adverse effects. One such approach is upstream engagement that has
been developed and applied with the purpose of avoiding future conflicts over life-
science research and its applications. Upstream engagement holds potential for
broad discussion to identify social, ethical, and legal implications and can help to
reduce the time lag, distance, and power asymmetry between “upstream” and
“downstream” innovation processes (Felt and Wynne 2007). Hence, upstream
engagement represents an approach that will require dialogue and framework
building, with multi-stakeholder involvement of scope. Although developed for life-
sciences technology, this approach can also be applicable for identification of
indicators and perspectives of sustainability of aquaculture. Furthermore, this
approach leads to a shared collective responsibility. The other benefit is that such an
approach will identify perspectives on longer-term developments, as well as
institutionalization of practices. Hence, such approaches can be used to open up
debates on what is considered as sustainable animal production, breeding, resources
for feed, and the goals that genetic engineering should be applied to meet, as well as
what is considered as acceptable implications on, e.g., animal welfare and the use of
IPR in salmon farming.
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