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Summary of Major Horizontal Aspects 

Related to Farm Animal Breeding and Reproduction 
 

This chapter gives a summary of the major horizontal aspects related to farm animal breeding and reproduction. The 
summary is based on various ethical, sociological, welfare, legal and outlook studies. More extensive information can be 
found as from page 41.  
 
Ethics 

Christiansen & Sandøe (2000) divided ethical concerns 

relating to animals into animal health and welfare, and 

animal integrity. Animal integrity, or intrinsic value, is 

naturally evolved, unharmed wholeness of an individual, 

species or ecosystem. According to some, the use of non-

therapeutic surgery and invasive procedures to increase 

reproduction is violating the animal’s integrity (Seamark, 

1993, MAFF, 1995, Rutgers et al., 1996). Other ethical 
concerns relate to humans, biological and environmental 

issues or biotechnology. Regarding humans, the ‘slippery 

slope’ argument is the major one: the fear that what can 

be done with animals will also be done with humans 

(Schroten, 1997). Human health is another “hot” topic: 

e.g. does eating meat from genetically modified animals 

pose extra risks? Regarding biology and the environment 

the fear for the loss of diversity prevails. The 

opportunities of reproductive technologies for preserving 

biodiversity (cryoconservation semen, eggs, embryos) 

are the other side of the picture. Concern regarding 

biotechnology itself may be due to ‘fear of the unknown’, 

misunderstandings, or because techniques are considered 

‘unnatural’.  

In a dialogue about the acceptability of a particular 

biotechnology one may consider the implications for all 

partners involved: potential risks and benefits. In moral 

decision making one these must be weighed, seeking a 

balance between intuitions, principles and relevant facts. 

A good starting point would be to set out and understand 

what people are concerned about. Breeders having a 

notion of what worries people, and the people’s notion 

that breeders do listen to them, take their concerns 

serious, and explain to them how they weigh their 

decisions, may be a good modus in a dialogue with 

‘society’. Farm animals are domesticated and 

recognisable distinct from their wild relatives or 

ancestors. The key ethical question is not whether we 

should abandon animal breeding, but how we should 

breed (Gamborg & Sandøe, 2003). The general view in 

society (Chistiansen & Sandøe, 2000) is that it is 

acceptable to use animals if it is done ‘humanely’. This 

attitude is based on the ethical theories of utilitarianism 

(e.g. what decision gives greatest benefit?) and 

deontology (e.g. what do we do to an animal?). 

 

Consumers and public perception 

Consumers enter the debate on animal breeding in two 

ways – personally and through consumer organisations. 

People often express opinions they later abandon in the 

supermarket, so consumer opinion (citizens) and 

consumer behaviour (buyers) must be separated. 

Regarding food, consumer preferences reflect health-

value, convenience, variety, price, animal welfare and 

environment. Food safety is a growing concern (Van 

Genderen & De Vriend, 1999). 

According to Ouédraogo (2003), consumers identify 

breeding and reproduction as indicators of other more 

important issues related to food like food safety, quality 

and health, associating high technology with food risks 

and uncertainty, whereas ‘traditional breeding and 

reproduction’ are seen as natural ànd related to safe, 

healthy, quality food. High income groups want to pay 

more for food produced to higher standards, others will 

not. 

Consumers claim to be uninformed about animal 

breeding practices and would trust breeders to provide 

more reliable information. They do not trust the 

government or food industry as sources of information. 

Consumer attitudes to modern breeding goals and 

biotechnologies are continually developing: scientists, 

governments and industry have a real opportunity to 

respond to the public opinion. Consumer opinion tends, 

unsurprisingly, to be more positive where medical 

products of biotechnology are at stake. A human health 

benefit can push worries about price and animal welfare 

down the priority list. 
Consumers are aware of the risks entailed with free 

markets, especially with products circulating freely 

among countries with different legislative standards. 

They would agree to protect European breeders through 

imposing EU standards and labels to all imports.  

 

Animal welfare 

According to animal welfare organisations, the general 

acceptance of farm animal breeding depends on the 

circumstances (Denmark, Germany, The Netherlands, 

UK), in particular the effect on health and welfare. 

Welfare organisations (e.g. Germany, The Netherlands, 

UK) regard traditional breeding acceptable if it does not 

cause welfare problems, i.e. not results in physical 

damage, pain or distress. Breeding goals are accepted if 

not used to mask poor management systems or at the 

risk of adverse effects on other welfare aspects, e.g. 

because of increased inbreeding.  

After analyzing EU-, Council of Europe-, and some 

national legal documents, they indicate that the legal 

requirements of the respective EU Directive and the 

Council of Europe generally outline the basic principle of 

animal welfare in breeding and reproduction (Council of 

Europe, 2001). These texts have (only) been translated 

into the national languages and published as a legal text 

in the (15) EU member states (Kolar & Rusche, 2003a; 

2003b).  

 

Cultural differences 

There are considerable national and regional differences 

in breeding practices and in public attitudes (Schakel & 

Van Broekhuizen, 2003). Each country tries to identify an 

equilibrium between local needs and global uniformity 

demands (Schakel, 2003). In Norway, collectivity, and a 
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positive climate towards agriculture, led to a fair 

distribution of profits and work among farmers and 

breeders. In Italy, not the farmer, but the end product is 

the focus of agriculture and breeding programmes: 

gastronomic quality, cultural suitability and product 

diversity. In France, where also the end product prevails, 

breeding is best understood through the 

rules/organisations, together forming a national breeding 

culture. Dutch breeders are world players seeking to 

develop breeds suiting a wide variety of conditions. In 

Thailand, a newly ‘agro-industrialised’ country, producing 

four times as much food as needed, a balance must be 

found between short term gain, environmental damage 

and rural poverty. The USA food market is largely 

undifferentiated, and the USA have, contrary to Europe, 

limited societal resistance to technologies like genetic 

modification. 

 

Legal aspects 

With biotechnological developments and increasing 

research investments, the interest in and worries about 

patents grow. In animal breeding, most is arranged with 

contracts. Breeding animals are expensive – you pay for 

the animal ànd for the right to use it for breeding. 

European patents confer a 20 year monopoly to the 

inventor for a novel, inventive and industrially applicable 

invention, disclosed to the public. Patents are expensive 

to obtain (e.g. because of translation costs) and to 
maintain.  Up to now it was not easy to make them 

profitable in animal breeding.  

European patents can not be granted for essentially 

biological processes for the production of animals, but 

can for microbiological or technological processes. 

Methods to produce transgenic animals or to increase 

animal fertility, cloning techniques, or multi-step 

processes (e.g. inducing polyploidy in oysters) are 

patentable. Animals themselves can be patentable – in 
the practice this refers to genetically modified animals. 

Animal genes can be patentable, but patent holders can 

not claim rights on farm animals naturally carrying a 

gene – only on the use they propose for a gene.  

Currently, various organisations are performing patent 

watches on too broad claims or already running breeding 

businesses (e.g. ICAR, EFFAB).   

Another development comes from advising bodies, e.g. 

French CNAG or English FAWC (2004), regarding 

desirable directions of breeding programmes, with 

considerable importance to welfare considerations 

(Noiville, 1999). As an example, in 2004, the UK based 

Farm Animal Welfare Council (FAWC) came out with a 

publication on animal breeding technologies (FAWC, 

2004). (After: Neeteson-van Nieuwenhoven et al, 2006) 

 

Case: animal cloning (www.cloninginpublic.org) 

The EU would be left with difficult processes of decision-

making if the cloning of farm animals were to take place 

in agricultural production in countries outside (likely) or 

within (at present unlikely) the EU. Whether a decision is 

made to rely on existing regulation or to introduce new, 

specifically targeted legislation, concerns about both free 

trade and social acceptability in Europe will have to be 

negotiated. The EU will be presented with greater 

difficulties if countries outside the EU – such as the USA, 

Japan, Korea and Australia – decide to allow, and 

perhaps even encourage, the introduction of animal 

cloning within agricultural production and, thus, the food 

chain.  

Even in this case, it can be argued that adequate EU 

regulation is in place. Existing legislation to protect  

consumers, human health and the environment can be 

applied to imports of cloned animals and products from 

such animals. This legislation provides for risk 

assessments to be carried out and acted upon, and 

evidence of risk is the only legitimate basis on which to 

restrict imports. This is a guiding principle of international 

trade agreements. So far, however, no risks to human 

health or the environment have been shown to be 

associated with cloned animals and their products. Thus, 

if the EU persists with the existing regulation alone, and 

if cloning techniques are applied for commercial 

agricultural purposes in countries outside the EU, the 

import of cloned animals and of products from such 

animals is likely to go ahead. International conflicts over 

free trade might be avoided. On the other hand, internal 

conflicts within the EU might develop, as they also might 

in the – at present unlikely – event that the cloning of 

animals is introduced into agricultural production within 

the EU. 

Groups of citizens, and even some member states, would 

be likely to resist the import and/or marketing (labelled 

or unlabelled) of cloned animals and their products. This 

would prompt discussion of the question whether ethical 

concerns other than those relating to risk should be given 

regulatory force. It is possible that such ethical concerns 

would relate to utility, to the protection of traditional 

agriculture and to the integrity and naturalness of 

animals. Individual member states might choose to 

regulate, as far as possible, along such lines. 

The other regulatory option is to introduce specifically 

targeted EU legislation on the cloning of farm animal 

species. This could make sense given the combined 

assessment (i) that the cloning in question will be used 

for commercial agricultural purposes, and (ii) that – 

although this might give rise to international trade 

disputes – ethical concerns other than those relating to 

risk should be taken into account to ensure that the 

application of cloning techniques is socially acceptable in 

a European context. 

(From: Cloning in Public: http:// 

www.sl.kvl.dk/cloninginpublic).  

 

Livestock revolution (Delgado et al, 1999) 
A revolution is taking place in global agriculture that has 

pro found implications for our health, livelihoods, and 

environment. Population growth, urbanization, and 

income growth in developing countries are fueling a 

massive global increase in demand for food of animal 

origin. This demand-driven Livestock Revolution is one of 

the largest structural shifts to ever affect food markets in 

developing countries and how it is handled is crucial for 

future growth prospects in developing country 

agriculture, for food security and the livelihoods of the 

rural poor, and for environmental sustainability. 
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Animal food product demand has increased dramatically 

in the past and that it is very likely to increase in the 

future. The same factors that drove the enormous 

increases in total meat consumption are expected to 

exert their influence into the next century. Population is 

projected to grow more modestly but still at an average 

of 1.5 per cent per year in developing countries (UNDP 

1998). 

With that rate of population growth, even without a 

change in per capita consumption, demand for animal 

foods will grow enormously. But per capita consumption 

is also expected to increase. In the next 15 years, urban 

populations are expected to grow 2.9 per cent per year 

on average for all developing countries (UNDP 1998). Per 

capita in come will also grow. Pro vided the poor benefit 

from these trends, they will significantly in crease their 

demand for animal food products with that new in come. 

Other factors may further boost demand. Greater trade 

and communications, for example, will expose people 

even in remote areas to other cultures and foods. 
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Driving Forces and Opportunities in Farm Animal Breeding and 

Reproduction 
 

The 5, 15 and 25 year-expert-outlooks give a description of the possible futures of animal production and animal breeding 

into detail, per species, per theme and per technology. 13 expert groups involving in total hundreds of specialists, are 

currently undertaking a huge exercise in defining opportunities and priorities in their field of expertise (SRAII Annex I).  

 

Time lag research – breeding – product 

There is a time lag between the developments in research and development, implementation in animal breeding 

organisations, and the results at the production level.  

• Research taking place now will be implemented into breeding practice with time lags of 0-15 years. 

• Implementation in breeding practice at the nucleus levels now will have its influence with time lags of 0-10 years 

time.  

• Decisions taken now, decide the future of 5, 15 and 25 years from now.  

o This is a reality breeding research and breeding practice already work with for decennia. 

o Possibilities not explored will block possible futures. 

o Possibilities explored now will enable possible futures.  

Therefore  

• various future scenarios should be foreseen, and  

• continuously adaption to experience, demands of economy, consumers, society, technology development will be 

possible. 

Key considerations:  

• Research and development enable  the actual possibilities and whether Europe is involved 

• Transparency and society dialogue enable the actual desired implementation into society 

 

Driving forces and opportunities (Figure 4) 

The expected major driving forces, as indicated by the expert groups, are in line with those defined by McInerney and 

Bennett (2003, full report: page 17): 

1) Profitability (7.7)1 

From an economic standpoint, sustainable breeding and 

reproduction means that the level of livestock capital in 

farming can be maintained, expanded, and improved in 

quality over time consistent with the needs and 

preferences of society. Because the operating 

environment almost inevitably changes over time, a 

sustainable process is a dynamic one that adapts to 
exogenous influences and evolves over time.  Animal 

breeding and reproduction has to respond to new 

demands, adopt new techniques in response to social, 

economic or competitive pressures, exploit new 

opportunities that offer greater productivity, and 

reject/eliminate procedures which become unacceptable, 

carry risks or threaten costs that might outweigh short 

term benefits. The history of livestock farming 

demonstrates this array of sustainability characteristics:  

a) technical - whether or not animal breeding methods 

are sustainable is not simply a matter of whether there 

are sufficient resources to allow them to continue, it is 

also a matter of whether those methods and processes 

are consistent with the other components of the livestock 

production system of which they form a part, and remain 

consistent as those components change,  

b) commercial - as a means by which individuals and 

companies earn their living, livestock production must in 

the long run be sufficiently profitable to prevent the 

resources employed moving to some other area of 

business, and  

                                                           
1 Score on a scale from 1 to 10 in McInerney and Bennett (2003) 

from inquiry and interviews among experts in breeding 
industry, and key informants in livestock production 
and breeding in Europe. 

c) economical  - to be sustained over time all elements in 

the process of livestock production rely on the fact that 

they meet real demands in the economy and in society  

 (McInerney and Bennett, 2003).   

2) Food safety (7.0) 

Improving food safety will be possible by breeding in an 

indirect way, in decreasing the incidence of food- borne 

infections. For some of the responsible zoonotic 

organisms, such as Salmonella and Campylobacter, there 

is genetic variation in the susceptibility of farmed species 

to carrying or shedding these organisms. If we 

understand better the cause of this genetic variation, we 

can determine the sustainable breeding strategies to 

exploit such variation. New zoonotic infections will 

emerge and the importance of as yet poorly 

characterised zoonoses will become apparent.  

At a wider level, farmed poultry and pigs play a role in 

the evolution of pathogenesis of human infections, most 

notably influenza. There are opportunities through 

genetics/genomics research to reduce the risk of the 

evolution of increased pathogenesis of human influenza, 

via recombination with non-human influenza viruses. 

Such opportunities might include GM chickens resistant 

to avian influenza. 

3) Breeding technology (6.9) (Figure 2) 

The development of breeding technologies is key. The 

necessary research and development issues 

(reproductive technologies, phenomics, genetics, 

genomics) are detailed in chapter 7 and Annex I. 

If the largest breeding organisations remain European, 

then Europe will benefit from the locality of breed 

improvement and will have control over breeding goals to 

ensure that a full range of sustainability and societal 
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needs are addressed through breeding. It will also mean 

that breeders will be more able to afford the latest tools 

to implement selection on broader and more balanced 

breeding goals. Conversely, if these breeding 

organisations are elsewhere in the world, European 

livestock producers may have to compromise on the 

balance of traits or have to farm less improved and less 

competitive breeding stock.  

4) Consumer demand (6.8) 

Additionally society may interfere more directly in farm 

animal production, wishing to determine the way animals 

are treated or herds managed or selection oriented. 

Some technologies, both well-established (castration, de-

horning, oestrus synchronisation with hormones, etc.) 

and novel may then be banned or restricted, potentially 

causing significant problems in production systems, 

including increased welfare problems for some animals 

and safety problems for farmers. Consideration of 

regulation in this area should consider the full 

implications of any approval or restriction of a 

technology. For instance, AI has been demonstrated as 

helpful in biosecurity and the control or eradication of 

infectious diseases 

5) Product quality (6.7) 

The approach to quality and identification of livestock 

products will also change: today quality of products 

(including processing), animal and territory are only 

linked in a few food chain systems, such as very well 

identified local products such as some cheese or meat 

products. Other products go to the processing industry 

where quality standards are based on safety and basic 

characteristics. One may expect an increasing interest in 

the future for a more sophisticated approach to product 

quality from the industry including factors such as milk 

components, meat characteristics, fatty-acid profile of 

the product, taste etc. all of which are heritable traits 

that can be optimised by the breeder. 

Technology (0-10)
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Figure 1 The importance of breeding/reproduction technologies (McInerney & Bennett, 2003) 
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Figure 2  The main driving forces of change toward 2020  (McInerney & Bennett, 2003) 

 

6) EU cap (6.2) and World trade rules (6.2) 

There are two main policy scenarios for sustainable 

livestock breeding and reproduction within the EU. These 

are (i) a reformed CAP with decoupled support, land-

based environmental payments, interim direct income 

payments to farmers currently receiving support, lower 

level of trade tariff barriers. This would result in less 

intensive levels of grass-based livestock production, and 

relative increase in pig and poultry due to lower cereal 

prices unless there is competition for land used for 

energy production (ii) A return to protectionism within 

the EU, with regional trade agreements and high tariff 

barriers to trade. Under both scenarios, the enlarged EU 

will produce largely for its own (growing) internal market 

(after: McInerney and Bennett, 2003). Most probably 

both scenarios will take place simultaneously. 

Breeding of animals well fitted for marginal areas or 

extensive production systems will be of help to the 

environmental maintenance of such areas and for 

increasing the economic efficiency of agriculture farming 

in less favourable areas. European marginal areas are 

increasing in size. The Common Agricultural Policy and 

Common Fisheries Policy (CAP, CFP) will probably have 

the effect to select agricultural production only in the 

most economically efficient zones. Then marginal areas 

would become abandoned and become environmentally 

at risk (fires, floods, etc.). These zones might be utilised 

for extensive grazing of livestock if the economic 

efficiency will allow. Breeding objectives would need to 

focus on obtaining animals well fitted to harsh 

environments or feed of marginal nutritious value and at 

the same time animals able to produce safe, healthy and 

also typical food. Often the higher market price of 

recognised typical local food is the only reason that 

production is some environments can be economically 

sustainable. 

In addition to all of these trends, the Common 

Agricultural Policies/Common Fisheries Policies (CAP/CFP) 

will continue to have a strong influence on the needs of 

any animal production farming activity in e.g. ruminants. 

If CAP/CFP has been abandoned or radically revised in 

15- 25 years, World Trade Organisation (WTO) provisions 

will influence livestock production in Europe. Competition 

from outside of Europe and familiarity of European 

consumers with products and systems around the world 

may modify these trends, for example making consumers 

more receptive to the use of technological interventions 

or more demanding of particular aspects of quality or 

safety. 

A good (i.e. workable, practical) regulatory environment 

and world trade rules are important for the development 

of farm animal breeding and reproduction. 

7) Structure of breeding (6.2) 

Recent years have seen significant consolidation of the 

breeding sector and this will likely continue. Cooperative 

and national breeding programmes will likely be most 

resistant to this trend, but even here we should expect to 

see greater internationalisation.  

The current biodiversity of animal populations in the EU 

has costs and benefits. There are sustainability costs to 

retaining inappropriate diversity and sub-optimal alleles 

in a given environment. On the other hand, it is 

important to have diversity within the farm animal 

species of the EU: 

• to meet a variety of market, societal and 

environmental needs 

• to exploit variation e.g. through cross-breeding 

programmes  
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• to provide a reservoir of variation that may 

become useful as circumstances change 

• to reduce the risks of catastrophic disease 

outbreaks where a pathogen evolves to challenge 

the viability of a particular genotype   

• to develop economically efficient animal breeding 

for marginal areas where only distinctive breeds 

with high fitness in these environments are able to 

produce. 

8) Animal welfare (6.1) 

It is important for breeding organisations to ensure the 

health and welfare of the animals they keep and select. 

The search for selectable traits, indicating species specific 

animal welfare is ongoing. New biological insights into 

brain function, genetics of behaviour and physiological 

indicators of stress and well-being will provide new tools 

that allow welfare traits to be treated more objectively 

than at present.  
Animal integrity is defined as “the wholeness and 

completeness of the species-specific balance of the 

creature, as well as the animal’s capacity to maintain 

itself independently in an environment suitable to the 

species.” Most farm animals have been domesticated for 

thousands of years. They are more easy to handle, able 

to reproduce in captivity, under circumstances with 

abundance of food and absence of direct predators. 

Breeders must keep a balance between the intrinsic 

characteristics of domesticated species, welfare and 

improved production levels.  

9) Environmental policy (6.1) 

EU and national regulation for the protection of the 

environment may have a significant impact on the 

viability of livestock production and production level in 

some regions of the EU. Improved biological efficiency 

and specifically reduced production of waste per unit 

output may be an important goal for breeders in the 

future and there are emerging research results that are 

providing new opportunities to select for environmental 

efficiency. 

Global ecological and geo-political factors will impact, 

particularly in the longer term. For example the rising 

costs of energy and transport could stimulate production 

close to the point of consumption. An increasing need for 

security of supply in an uncertain world could have a 

similar effect. Global warming will have an ever-

increasing impact, for example on the need to reduce 

emissions of greenhouse gases and on systems of animal 

husbandry, crops that can be grown as animal feed, or on 

potential diseases and parasites. Competition between 

land use for subsidised energy production (e.g. bio 

ethanol) and feed will increase feed prices.  

10) Production technology (5.9) 
Management systems will change, and identification and 

quality systems will become commonplace. Among them 

automatic identification and recording systems will be 

used more systematically to trace products along the 

whole production chain and provide new opportunities to 

record performance data in open selection programmes 

or record entirely new traits related to health and 

welfare. These systems can also enable the testing of the 

results of animal breeding (e.g. have we really achieved 

improved bone quality?), comparability of data over 

countries and between species, and the use of large data 

sets for research. This will require international efforts to 

achieve comparable data gathering, arrange IP issues 

and enhance availability of the data.  

The increased technological and scientific possibilities will 

lead to 

- Wider, more equilibrate and refined breeding 

systems 

- Increased possibilities to utilise the gene pool 

and diversity 

11) Structure of production (5.8) 
Current trends drive European farmers continuously to 

improve the efficiency of their business through the 

management of large-scale enterprises. Increasing labour 

costs will mean that in the future the output for a 

working hour will be even more important than it is now. 

Scientific developments will help to turn this challenge (if 

no action is undertaken this could result in decreased 

animal health and welfare, as well as lower quality of 

products) into an opportunity. 

There are opportunities to breed animals, which are 

easier to manage. There is already interest among 

breeders in selecting for more ‘easycare’ robust animals. 

In most species general disease resistance will be a key 

factor in animal production and breeding for disease 

resistance is already an important research area. Disease 

resistance together with a wider range of phenotypes 

that allow for more balanced selection will deliver real 

benefits for animal welfare. 

12) New products (5.1) 
Within the next 20-25 years it is possible for new 

knowledge and technologies to have radical impacts on 

animal breeding and reproduction. Such predictions have 

to be tempered by the fact that they are almost always 

optimistic about the timescale for their use. For many of 

these technologies there are significant societal and 

regulatory questions which are important.: 

• Semen sexing 

• ID and database technology 

• New sequencing technology 

• Somatic cell nuclear transfer (cloning) has the 

potential to become routine for the dissemination of 

very high merit breeding stock.  

• Other cell technologies including: 

i) in vitro gametogenesis.  

ii) in vitro proxy phenotypes e.g. selecting cell lines 
for certain metabolic traits or resistance to viral 

diseases before these cells are grown up into adults 

with novel traits 

• Towards synthetic biology – the current early steps 

into development of GM livestock (e.g. mastitis 

resistance, improved environmental sustainability, 

enhanced growth) are but the beginnings of what 

might be possible. As our knowledge of predictive 

biology improves it will increasingly be possible to 

understand the limitations of any particular genome 

and determine which pathways might be enhanced 

or how novel traits might be added. 

• Measurement technologies  

i) Nano very low volume molecular technologies, able 

to measure gene expression in one cell. Anna will 

come with sentence 
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 ii) Data collection new tools, new and better 

phenotypes, adapted to new technologies. 

Development of grid-based IT technologies could 

allow easier data exchange between existing data 

bases on a herd, regional, national and EU wide 

level. Development of adapted IT technologies for 

large and distributed multi-country, multi-trait and 

multi-environment genetic evaluation systems will be 

a key technology. 

13) EU enlargement (5.0) 
The EU enlargement opens up new possibilities for animal 

breeding, reproduction and production. The results of the 

29 country discussions will give a detailed overview of 

the opportunities and hampering issues. 
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The Regional, National, European and Global Level of Farm Animal 

Breeding and Reproduction 
 

Rationale and objectives 

Opportunities for animal breeding and reproduction stem 

from the global need for a sustainable increase in 

animal food: quality, quantity, ànd production 

efficiency. Worldwide, animal product consumption is 

expected to grow by around 3% yearly over the next 15-

20 years (Delgado et al, 1999) - the so-called demand 

driven livestock revolution. Much of this increase will be 

in developing countries.  

 

The overall objective is to promote biologically and 

economically sustainable breeding of farm animals, 

taking into account social responsibility and cultural 

and regional values. Improved quality notably means 

safe, healthy foods meeting a variety of market 

requirements produced from and robust, healthy animals. 

Europe has played an important role in improving the 

major farm animal species worldwide and recent trend 

analyses indicate that this will continue. At the same 

time, a wide diversity of breeds and breeding cultures is 

available in Europe and dispersed over countries ànd the 

countryside. 

 

The global level and the European level 

Developing countries are playing a growing role in animal 

production. Southeast Asia, in recent decades, has 

tremendously stepped up its pork, poultry, egg, and 

aquaculture production. Other noteworthy examples are 

Brazil, for beef cattle, chicken, and animal feed, and 

Mexico and Argentina for beef cattle and Chile for 

salmon. Breeding activities are also on the rise in these 

countries. 

 

Both Asia and Europe are densely populated and have 

comparatively little land available for agriculture. In 

contrast, the Americas (and Oceania) have relatively 

large amounts of arable land and pasture as compared to 

population density. This creates for Europe and Asia a 

permanent risk of food dependence on the Americas. It 

also creates a ‘natural’ push to develop foods and food 

products for –and sell them to- the more densely 

populated areas. Related policies include farming 

subsidies in the USA, stimulation of genomics and 

biotechnology research, and a favourable business and 

social climate for developing and implementing new 

technologies. 

The science and application of animal genetics and 

animal breeding has itself undergone a massive evolution 

during the last 50 years. For almost all species the 

number of commercial breeding stock suppliers has 

dramatically reduced and at the same time the number of 

universities and institutes involved in associated research 

has reduced and their activities have concentrated. 

Nevertheless in both the commercial and research areas 

Europe has maintained a predominant position in the 

world 

 

The strategic importance of animal breeding and 

reproduction is much greater than one might guess from 

the size and volume of the breeding sector. Without its 

own breeding industry in Europe, animal production 

becomes vulnerable regarding the risk of introducing 

diseases from outside Europe and import bans that may 

follow. 

 
Figure 1. Bird eye’s view of globalisation and 

investments for major species groups 
 

Farm animal breeding and reproduction operate in a 

competitive global market with very low margins but is 

knowledge intensive. Changes in market share for breeds 

or breeding companies can occur quickly. Maintaining a 

strong position of breeding in Europe is thus not 

automatic. . It is proven that animal breeding will take 

place where the knowledge development takes 

place (Siegel et al, 2006) – the European knowledge 
base is and will in the future be crucial for the existence 

of (a wide range of) breeding in Europe. It will require 

considerable efforts from breeders, but especially also 

the positive engagement of researchers, governments, 

funding bodies, legislators, and European society as a 

whole. Essential to a competitive Europe with a strong 

breeding sector are a transparent public engagement, 

a flexible, open environment for business and a 

regulatory system that safeguards consumers 

without stifling innovation (including the use of new 

biotechnologies) with unworkable regulations.  

• In each of the major sectors of poultry 

breeding, table egg production, broiler meat 

production and turkey meat production there are 

fewer than five significant players, two of which 

together supply at least 75% of the market for 

each sector. They are predominantly in 

European hands. The concentration of resources 

is following a similar trend for both pig breeding 

stock and dairy cattle semen.  

• In dairy cattle breeding there is a situation of 

numerous small breeding organisations world 

wide, often organised regionally or nationally, 

but a trend is visible of concentration into 

currently 13 major global players, of which 6 are 

in the USA, 4 in Europe and 3 in Australasia.  
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• In pig breeding there is also a tendency of 

amalgamation of companies into large global 

companies. Currently there are around 10 global 

players, the largest of which has about 10% of 

the world market, and a significant number of 

smaller local breeders. At the same time these 

companies have a significant economic impact 

for supply within Europe and for the rest of the 

world.  See Table 1. 

• For sport horses of several breeding 

associations and studbooks worldwide which is 

co-ordinated by the World Breeding Federation 

of Sport Horses (WBFSH). Breeding for 

racehorses is managed at national and 

worldwide level.  

• Aquaculture is the fastest growing industry in 

the production of animal protein. Today Asia has 

89 % of aquaculture production and Europe 5 

%. However, Europe has a large potential to 

increase production both in freshwater as well as 

in marine waters. Aquaculture breeding 

enterprises (often European) are relatively 

young, and diverse regarding size, design of 

breeding programmes, complexity of breeding 

goal, running costs and use of different 

techniques over species and geographical 

situation. 

 

In all species aspects of environmental footprint (e.g. 

efficient use of inputs, reduction of waste) and 

consideration of animal welfare and health are critical 

features of the breeding process. For instance, in poultry 

breeding, in the 1980’s, broadening of the breeding goal 

for meat poultry has proved to be important, even 

indispensable. Organisations concentrating on growth 

only have not survived in the market – organisations 

taking into account broader breeding goals, both meat 

production and reproduction, have. Regarding welfare 

and health traits there have been positive effects of 

taking into account e.g. leg strength, robustness, disease 

resistance. There is a very clear need to provide support 

for these companies and the industries they supply to 

ensure continued development of the best scientific basis 

and techniques within Europe. The European animal 

production industries have led the world in aspects of 

food safety, animal welfare and environmental impact 

and these developments have been and still are of direct 

influence on the breeding industries and breeding goals.  

 

The national and regional level 

In most species there is a close link with national breeds, 

and for many breeds, breeding is organised nationally. In 

addition to production traits, biodiversity, food security 

and diversity of products, rural landscape management 

and cultural values are at stake. Therefore, FABRE TP 

emphasises and explores the possibilities/implications of 

improvements in farm animal breeding and reproduction 

in the wider context, adapted to regional/local 

possibilities, and for food production outside Europe. In 

addition to the large global players there are for 

ruminants and pigs cooperative structures of smaller 

size, often regionally organised, with representative 

organisations at the national level (see also Table 1). 

Further development of breeding structures and 

programmes in East European countries is needed to 

allow local and regional breeds and research and 

breeding organisations enough time to adapt to rapidly 

changing organisational and economic environment.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
Table 1. Pigs and pig breeding in the world. 
To estimate the worldwide influence of pig breeding 
organisations, the replacement of sows is the best 
reference. Based on 75 million sows and 35-40% 
replacement of sows/year, there is annually a need of 28 
million young sows per year. In developed countries, 
there is a need of 11,5 replacement sows per year. 
 

Although the application of expensive breeding and 

reproduction technologies is likely to continue to be 

applied first by larger companies, there remain very 

important applications for smaller breeds, minor species, 

smaller countries and in the developing world. The 

opportunities for new technologies to be developed in 

universities and institutes, including the new member 

states, increases and could receive considerable stimulus 

from the FABRE TP initiative. Whilst the total portfolio of 

new technologies may only be able to be utilised by the 

larger companies, once individual ideas and techniques 

are developed they will be available for use by smaller 

breeding companies working with species of lesser 

economic importance. Moreover, there is a need for 

development and adaptation of breeding tools and 

technologies to meet the specific needs of developing 

countries and small breeding populations.  

 
 EU based org           % dev countr        % worldw 

PIC (= Genus)   18  10  
TOPIGS NL     8     5 
Danbred DK       6     3 
Hypor-Genex NL    6    3 
JSR UK      3    1 
Seghers Rattlerow B-UK   3    1 

     (incl. NewshamUS) 
Herdbooks/Nucleus F   3    1 
ACMC UK    2    1 
Herdbook Poland    2    1 

 Herdbooks It    2   0,5 
 Herdbooks D    2   0,5 
 BHZP D    1,5   0,5 
 France Hybrides FR   1,5   0,5 

     Herdbooks East EU   2   0,5 
 Total EU based   60 %                28,5 % 

 
Non-EU based org              % dev  countr     % worldw 

Monsanto USA      5  2 
Smithfield Genetics USA  3   1 
Geneticporc (C)   3  1 
National Swine Registry US  5  2 
Canadian National Breeders  5  2 

Total non-EU based  21%                 8 % 
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Summary of Future Scenarios 
 

Full scenarios: page 56 .  

 

Possible scenarios for the future 

In several reports, a number of scenarios for the future 

of animal production are mentioned. Neeteson et al. 
(1999) mention three possible pathways for the future. 

The first pathway is the conventional pathway, which can 

be seen as a development towards a production system 

like the ones we have nowadays. It is based on improved 

efficiency of production, with an emphasis on both 

production and non-productive traits like health, disease 

resistance and longevity. The second pathway is the 

alternative path, where production levels are moderate 

and the emphasis is on health and welfare. Within this 

alternative path, three production systems are possible; 

animal welfare, niche markets and organic products. 

The third pathway is the low cost path. The aim is to 

produce safe food at the lowest production costs possible. 

Technologies are frequently used and new technologies 

would be explored. Economic interest is the pushing drive 

behind these production systems. 

 

 

 

 

 

 

        

 

 

 

 

 

 

 

Figure 5 SEFABAR scenarios (Neeteson et al, 1999) 
 

 

Brigstocke (2001) has three likely scenarios for livestock 

production systems in the UK, which are quite similar to 

those mentioned by Neeteson et al. (1999). The first 
scenario considers high output systems, which are based 

on technically efficient and intensive systems for both 

ruminants and monogastrics. Pollution is efficiently 

controlled and animal welfare has a high status. The 

second scenario is based on low input, moderate output 

systems for extensive ruminant production, using 

regional and local breeds. The last scenario concentrates 

on niche markets like free range, organic or rare breeds.  

 

De Wilt (1997) edited a number of essays, written for a 

report ‘Towards a healthy animal husbandry’, in which a 

number of images for the future, in this case 2015, have 

been captured. As a start, developments, which are 

expected to set the stage for animal husbandry in the 

Netherlands, are mentioned (Bokma et al., 1997). The 
writers expect: 

• a decrease of the prices of animal products within 

the EU;  

• a decline in the competitive position of the 

Netherlands in the global market ; 

• a strong increase of quality guarantees within the 

production chain for a number of aspects (animal 

health, animal welfare and environment);  

• more strict regulations on environmental, welfare 

and health demands on national and European level;  

• a moderate increase in the average ground price and 

• a slow introduction of biotechnological innovations.  

 

Bokma et al. (1997) come up with four possible futures 

for the Dutch animal husbandry; large-scale farming, 

integrated farming, extensive farming and natural 

farming. For the Dutch dairy farming, they see 

possibilities for integrated farming, some opportunities 

for extensive farming and a small possibility for natural 

farming. Integrated farming includes quality guarantees 

for animal health, animal welfare and environment and is 

aimed at consumers that desire product quality above all. 

Extensive farming also includes the aspects named 

above, but is more at risk concerning diseases and 

environment, because of its extensive nature. Natural 

farming has strong qualities on environment and welfare, 

but animal health is somewhat compromised. The writers 

think that it is possible that the four scenarios they 

describe will exist next to each other in the future. One of 

the spear points they mention is to breed healthier and 

stronger animals. Dijkhuizen and Horst (1997), also 

come up with four scenarios, which differ from the ones 

mentioned by Bokma et al. (1997). Farms that strive for 

‘cost-leadership’ (large-scale farms and farms that try to 

maximise production), ‘special product farms’, ‘pharma 

farms’ (farms that are focussed on the pharmaceutical 

industry) and ‘nature farms’.  A general issue for all 

scenarios according to Dijkhuizen and Horst (1997) is 

that they are economical viable. 

 

In the Netherlands, a thinking group for the future of 

animal husbandry (Denkgroep Toekomst voor de 

veehouderij, 2001) published a report with an agenda for 

a redesign of the animal production sector. They do not 

give scenarios but give characteristics of what they 
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believe is sustainable animal husbandry. They divide their 

implications for the future into the three dimensions of 

sustainability, ecological, social and economical 

sustainability. Ecological implications concern animal 

welfare, animal health, and emissions of nutrients into 

the environment and the use of land. Animals should be 

able to have access to the so-called “five freedoms” 

(freedom of hunger, thirst and malnutrition, freedom of 

physical and heat stress, freedom of pain, wounding or 

disease, freedom of fear and chronic stress, freedom to 

show natural behaviour) and have to be treated with 

respect. The prevention of diseases should be the 

starting point of animal health policy, continuous 

monitoring, insight in the risk factors and precise 

registration of the use of veterinary medicine can be the 

tools to achieve this. To decrease the mineral output in 

the environment, closed mineral cycles should be 

established. Finally, the animal husbandry should act as 

keeper and protector of wildlife. Social sustainability 

concerns the quality of the relations between the 

different stakeholders in the animal production process. 

Chains should be established to prevent anonymous 

products from appearing on the market. For the same 

reason, transparency is mentioned as an essential 

condition to create trust amongst consumers. It is 

important to try to convince consumer that the demands 

society places on animal production are worth paying for. 

Economical sustainability is the last aspect of 

sustainability mentioned. To reach this, product 

differentiation and innovations are necessary. The 

consumers should reward the extra value of ‘sustainable’ 

products and therefore it is important that the consumer 

recognises quality differences and is willing to pay for it.  

(After: Nagel, 2003)

 

Within the SEFABAR network (by fourty breeding specialists in science and industry) two possible scenarios have come up 

(Liinamo, 2002): a "Techno" market and an "Eco" market. The "Techno" market is characterised by high production 

efficiency, the use of technologies (except for cloning and transgenics), highly intensive systems with some eco-constraints 

(EU regulations on pollution, animal welfare etc.) The "Eco" market is a differentiated one, with lower production efficiency, 

but higher value output, a limited use of technologies (AI and Marker Assisted Selection), high animal welfare and lower use 

of some inputs (feed supplements, medications etc.). The major characteristics and major breeding goals are summarised in 

Table 1 and Table 2. For more information: annex II. 

 

 

Species Scenario 1 Scenario 2 

Dairy cattle High output farming Niche markets 

Beef cattle Low prize High (beef) quality 

Dairy sheep Safe food/ok prize Organic 

Meat sheep Market based Subsidised 

Pigs International Combined local/int. 

Layers High technology High value 

Meat poultry Supply world market Niche markets 

Salmon High output Extra value 

 

Table 2. Future Breeding Scenarios as defined in SEFABAR (Liinamo et al, 2005) 
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Species “Global” “Local” 

Dairy cattle Productive cattle Easy to manage 

Beef cattle Labour extensive Good quality beef 

Dairy sheep Productive ewes Adapted, long living ewes 

Meat sheep Efficient lambs Easy care breeds 

Pigs Efficient pigs Well adapted pigs 

Layers Efficient hens Quality producers 

Meat poultry Incr. efficiency Better quality 

Salmon Production traits Non-production traits 

 

Table 3. Major Breeding Goals corresponding to SEFABAR Future Breeding Scenarios (Liinamo et al, 2005) 
 



 

FABRE Technology Platform - 19 of 110 – SRA Annex II Horizontal Issues  
   



 

FABRE Technology Platform - 20 of 110 – SRA Annex II Horizontal Issues  
   

From SEFABAR final report 
Economic aspects of sustainable European farm animal 

breeding and reproduction 
 
John McInerney1 and Richard Bennett2 
 
1Centre for Rural Research, University of Exeter, Exeter, EX4 6TL, UK 
 
2Department of Agricultural and Food Economics, The University of Reading, PO Box 237, Reading RG6 
6AR, UK 
 
Abstract 
The economic aspects of both livestock production and of farm animal breeding and reproduction are of 
considerable importance to the future sustainable development of the European livestock industries. The 
main driving forces of change toward 2020 were identified as the profitability of livestock production 
within the EU, food safety and consumer preferences, and the actual developments in breeding 
technology. Increasing market power of food retailers/processors but reduced returns for producers was 
foreseen, together with increasing development of differentiated ‘niche’ markets. Two main ‘market’ 
scenarios for sustainable livestock breeding and reproduction within the EU are likely to co-exist: a core 
‘lowest cost’ basic livestock commodity market meeting minimum requirements for animal welfare and 
other standards, alongside highly differentiated markets for distinctive ‘higher value’ livestock products 
based on region, methods of production and perceive quality characteristics. Two policy scenarios within 
the EU were also identified. The first is a fully reformed CAP with decoupled support, land-based 
environmental payments, interim direct income payments and lower levels of trade tariff barriers, 
resulting in less intensive levels of grass-based livestock production, and relative increases in pig and 
poultry. The second is a return to protectionism within the EU, with regional trade agreements and high 
tariff barriers to trade. Under both scenarios, the enlarged EU will produce largely for its own (growing) 
internal market. The implications of these scenarios for sustainable livestock breeding and reproduction in 
the EU are discussed. 
 

1.  Introduction  
 
The economic and international trade aspects of both livestock production, and of farm animal breeding 
and reproduction (as an ‘input industry’ to the former), are of considerable importance to the future 
sustainable development of the European livestock industries - and indeed, to European agriculture 
generally. 
 
Like all the economic activity upon which human life and wellbeing depends, livestock production is a 
process of generating outputs which satisfy human needs and wants.  Conventionally the outputs we 
focus on are raw materials – milk, meat, eggs – for the supply of food to consumers, but in some 
circumstances farm animals also provide economically valued services such as draft power, or 
companionship and recreation.   A simple conceptual framework can be used to characterise livestock 
production as an economic process and to identify its key economic features.  Furthermore the issues we 
recognise in considering the development of industrial production or advances in manufacturing are 
equally applicable when considering progress in livestock production and the key factors that underlie it.  
There is in this sense a unified theoretical framework within which livestock farming fits as a particular 
example. 
 

2.  Conceptual background – livestock as ‘capital’ 

From an economic standpoint, production is a process in which basic resources – which have no direct 
value in themselves – are transformed into the goods and services from which we derive economic benefit 
(and hence which do have value).  Those resources are conventionally classified into three main groups – 
land, labour and capital – and in livestock production the farm animal falls into the category of a capital 
resource.  As such, it shares the same characteristics as all other capital resources and is subject to the 
same requirements if production is to be sustainable. (Harcourt, 1972).  These are: 
(a) because capital is ‘used up’ (depreciates, wears out) in production it must be regularly replaced 
at the appropriate rate to ensure the capital stock is maintained; 
(b) extending the productive life of capital has a major influence on its economic value 
(c) for economic growth and increases in output, new (additional) capital has to be created so that 
the amount of the capital stock is expanded; 
(d) for gains in efficiency, the quality of the capital inputs must be improved, so that the output per 
unit of capital (i.e. its productivity) increases over time; 
(e) the commercial profitability of the production process, or (more widely) the economic efficiency 
with which it operates, is largely determined by the rate of return that the capital resource generates; 
(f) as aspects of the production system alter over time and as consumer demands for the outputs 
change, so the capital inputs must adapt in form to the new production environments; 
(g) a key feature of ‘modernisation’ in all economic activity is a continual increase in the importance 
of the capital element, relative to labour and land inputs, in the mix of resources and a consequent 
growing dependence of sustainability on the quality and quantity of capital used; 
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(h) with economic modernisation, specialist industries develop to create and improve the capital 
inputs that the producing industries require. 
 
All these characteristics map directly across into the livestock production sector.  First, farm animals 
(broiler chicks, fattening pigs) are ‘used up’ in the production process by becoming the final saleable 
product and so this capital must be replaced by  subsequent units in order for production to continue; in 
other cases the animal ‘wears out’ in the sense of it not being worthwhile continuing for a further 
lactation/litter and it is scrapped (culled).  In both the above circumstances, the basic process of animal 
reproduction is the direct equivalent of maintaining the capital stock, and anything which slows the annual 
rate at which the breeding stock reproduce (reduced fertility, longer calving intervals, smaller litter sizes, 
reduced hatching egg output) inherently threatens the resource base of the production system and its 
sustainability. By contrast, anything which extends the productive life of animals, especially breeding 
animals – extra lactations, additional parities, improved resistance to disease or reproductive failure - can 
markedly improve the rate of return on the investment.  Second, the expansion of livestock output from a 
given level can only be achieved by increasing the reproductive rate of the breeding animals so as to 
create extra livestock capital in the production process, or by the retention of animals to enlarge the 
breeding population; in both cases this is the equivalent of creating new investment in production capital.  
Third, the development of new animal breeding techniques is the equivalent of technological change, a 
crucial element in gaining more output per breeding animal and enhancing the technical efficiency with 
which they function as capital resources. 

 
So it can be seen that, in an economic sense, farm animal breeding and reproduction is the equivalent of 
capital maintenance and capital creation in the rest of the economy.  It is the key component 
underpinning the sustainability of the farm livestock industry as an economic process, and the major 
driver in its development over time to deliver greater levels of output, more consistently and at lower cost 
(or with higher rates of return – yield – from the animals themselves). 

 
Continuing the analogy with conventional capital theory, the nature of livestock as a capital item must 
adapt to (a) changes in other characteristics of the production system, as with the progressive 
development of breeds suited to large scale/intensive/housed/organic production methods; and to (b) 
changes in consumer preferences, as witness the change in the nature of chickens and turkeys with the 
growth in demand for all forms of poultry meat, and as is occurring in response to the developing market 
opportunities for farmed fish.  The increasing ‘capital intensity’ undergone by production methods in the 
wider economy is demonstrated in livestock farming by the changing relative balance between (a) animals 
and land and the associated greater dependence of the whole system on the performance of capital inputs 
(i.e. higher stocking densities); and (b) between animals and labour inputs (manifested as higher 
livestock output per man) and consequently the greater dependence of output on the health, fertility and 
productivity of the farm animals being sustained.  Finally, the development of ‘capital supplying’ industries 
as separate from the ‘capital using’ industries is demonstrated in the developments in modern livestock 
farming over the past 50+ years, with the animal breeding (development) role becoming increasingly 
separated institutionally from the animal utilisation (production) role.  In traditional agricultural systems, 
farmers kept their own bulls/rams/boars, and saved their best female offspring for breeding stock.  
Increasingly now a two-tier structure has developed where separate companies manage and improve the 
breeding stock, passing down the chain the production capital (in the form of semen or elite dams) to 
livestock farmers to multiply up or to utilise in producing final output.  This division started long ago in the 
poultry sector, has come to largely dominate (certainly in terms of the male line) in dairying, is well 
developed in the pig sector, and is gaining importance in sheep production.  The distinction is less clear in 
the fish sector because of its concentrated economic structure, where ‘the breeders’ and ‘the producers’ 
tend to be the same companies.  This development is simply another facet of the industrialisation of 
agriculture in the modern era, something which is usually viewed more in terms of its increasing 
dependence on inputs derived from outside farming, and the progressive incursions of ‘technology’ into 
the essentially biological processes of production.  However, it is also demonstrated by this division of 
function in the chain of activities, which sustain the productive population of farm animals. 

 
The purpose of this introduction has been to demonstrate that, while animal breeding and reproduction is 
self-evidently rooted in the research frameworks of biology, genetics, animal science, veterinary science… 
etc, it is just as clearly rooted in the analytical framework of economics – although it is rarely illustrated in 
this way.  The relevance of identifying the role of farm animals as directly analogous to the role of ‘capital’ 
in the generalised production processes in the economy is that we can utilise the principles and 
considerations associated with the capital resource in economic theory to illuminate the role and 
requirements of farm animal breeding and reproduction in the economic sustainability of the livestock 
sector. 
 

3.  Sustainability 

The simplest interpretation of the term ‘sustainable’ would relate to processes which could maintain their 
path and their momentum indefinitely (with due intervention and management where necessary).  From 
an economic standpoint, therefore, sustainable breeding and reproduction means that the level of 
livestock capital in farming can be maintained, expanded, and improved in quality over time consistent 
with the needs and preferences of society.  This in turn implies that it can continue without confronting 
constraints or crossing thresholds that require radical, unplanned, unanticipated or unmanageable 
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adjustments, nor result in irreversible divergence from objectives (see Carlson et al 1993 on productivity 
and sustainability, and Lynam & Herdt 1988 on the concept of sustainable technology). 
 
Note there are three key aspects of this concept of sustainability.  First, it relates to the long-term 
sustainability of an overall process, not of all the ‘things’ that make up that process.  In livestock farming, 
for example, it does not imply that all the people, or all the production units (farms), can carry on 
indefinitely; there may be net increases or net reductions in the number of livestock farms, farmers or 
animal populations, perhaps quite significant in magnitude, without endangering overall continuity of 
production.  Second, it does not necessarily imply a constant level of performance but allows for the 
possibility (indeed, the likelihood) of instability and fluctuation over time in the level of activity; the 
inference is, however, that any events or forces which cause breeding or reproduction processes to 
deviate from the norm can be managed (disease outbreaks can be controlled, fertility reductions 
corrected).  Third, because the operating environment almost inevitably changes over time, a sustainable 
process is a dynamic one that adapts to exogenous influences and evolves over time.  Animal breeding 
and reproduction has to respond to new demands (for product quality, for welfare standards in 
production), adopt new techniques in response to social, economic or competitive pressures, exploit new 
opportunities that offer greater productivity, and reject/eliminate procedures which become unacceptable, 
carry risks or threaten costs that might outweigh short term benefits. 
 
Again, the history of livestock farming demonstrates this array of sustainability characteristics.  The 
pattern and structure of producing units (fewer producers, larger herds/ flocks) in livestock farming has 
altered radically in the pursuit of greater efficiency and productivity; total animal populations have in 
some cases declined (dairy cows, pigs) and in others cases risen (poultry, fish) while total livestock output 
in their sectors has nevertheless increased; variability of performance – due to disease or economic 
factors – has been experienced through time and techniques (pregnancy diagnosis, new drugs) introduced 
to reduce variability; new techniques have been introduced and become widespread (AI) and others to be 
applied in specific situations (embryo transfer); new knowledge (of genetics and heritability) has been 
developed and applied to progressively refine the process of ‘capital creation’, and has also led to the 
concentration of breeding effort into large scale, efficient and specialist organisations; major external 
shocks have been encountered (BSE) and recovered from; and established procedures and production 
systems (sow stalls, castration) adapted or displaced because of changing perceptions concerning their 
continued acceptability.  Throughout this history, livestock production and its supporting activities have 
been sustained, although subject to considerable change. 
 
It is in more recent times that concerns have been raised that some modern methods are ‘not sustainable’ 
– based, it would seem, more on fears about future developments than on clear knowledge and carefully 
formed predictions about that future.  The same uncertainties have probably been expressed frequently 
over the last 50-100 years of major developments in livestock farming (von Neumann, 1955), but human 
economic systems (which food production is) are very adaptable, responsive to feedback information and 
capable of ‘learning by doing’.  So the path that has been followed, while not always well regulated, has 
generally been one where rising benefits have been gained which, while inevitably resulting in costs, often 
significant in some respects, have nevertheless been judged to be justified and worthwhile (i.e. 
sustainable).   
 
Much of the contemporary discussion over sustainability in a general sense relates to levels of resource 
consumption that are deemed excessive.  This is illustrated by the dependence of many economic 
activities and processes on natural resource stocks that can never be renewed (such as oil) or the 
utilisation of renewable natural resources (fish stocks, forests) at a far higher rate than natural 
regeneration can replace.  A variant of this concern over sustainability relates to a broadly defined notion 
of ‘pollution’, where by-products and waste are released at a faster rate than can be degraded by natural 
processes, thereby destroying part of the environment or contaminating it with a build-up of dangerous 
residuals.  In each case the concept and parameters of sustainability are treated in technical/physical 
terms and reflect concerns over the long-term ability of our physical world to allow current activities to 
continue.  There is a similar technical dimension to sustainability in the more restricted context of animal 
breeding and reproduction activities, but there are important commercial and economic aspects as well. 

Technical sustainability 

Whether or not animal breeding methods are sustainable is not simply a matter of whether there are 
sufficient resources to allow them to continue.  It is also a matter of whether those methods and 
processes are consistent with the other components of the livestock production system of which they form 
a part, and remain consistent as those components change.  For example, using AI to improve the quality 
of on-farm livestock capital requires a whole supporting system for collecting, storing and distribution of 
semen, of facilities to handle animals to be inseminated, husbandry capability to identify oestrus, 
technical skills to ensure safe and effective insemination, coupled with documentation and information 
systems to record outcomes.  Because the technique is so well established in modern European dairying, 
for example, we take all this for granted.  Yet in small scale and largely self-sufficient farming systems 
still prevalent in many regions (and widespread around the world), where AI techniques could in principle 
confer substantial benefits in livestock production, it is not a sustainable method because it does not fit 
with the rest of the livestock system.  Even in ‘modern’ livestock farming, some potentially highly 
advantageous breeding methods (e.g. embryo transfer) will not be sustainable without attention being 
given to veterinary skills, hygiene, animal management, etc far in excess of that required in ‘ordinary’ 
livestock breeding and reproduction.  More generally, if refined breeding and selection can produce farm 
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animals with the potential for markedly enhanced productive performance (yield, fecundity, rate of 
growth, feed conversion) those valuable traits cannot be exploited – and their potential benefits are 
therefore not sustainable – if the animal/bird itself is not also robust in all sorts of ways (the example of 
ascites and leg weakness in broilers is an obvious example).  Furthermore, unless the improved breed is 
consistent with the associated parameters of the farming process – disease control, nutrition, housing and 
physical environment, husbandry skills etc – its potentially greater productivity will not be able to 
manifest itself. 
 
The issue of consistency with the rest of the livestock-farming environment is a crucial technical criterion 
of sustainability.  The benefits of improved breeding programmes and reproduction techniques are not 
self-contained but are expressed only as part of the complete animal management system.  In a dynamic 
world, breeding programmes and reproductive technology must be functionally consistent with parallel 
changes in the technical parameters and human skill levels that take place within an evolving livestock 
production system.  Many of the changes in these components – in housing, disease/health management, 
feeding practices, etc - are driven by quite distinctive scientific or technical developments within their own 
particular fields and become the dominant forces for change in livestock farming.  To be sustainable 
animal breeding and reproduction methods must frequently adapt to the constraints and possibilities 
reflected by these elements of the operating environment, rather than relying on supporting adjustments 
taking place in that environment. 
 
Commercial sustainability 

As a means by which individuals and companies earn their living, livestock production must in the long 
run be sufficiently profitable to prevent the resources employed moving to some other area of business.  
Although the actual animals themselves may not have alternative uses, as a form of capital they can be 
readily liquidated, or not replaced at the end of their working lives, and the money invested elsewhere.  
Farmers are generally noted for their willingness to continue operating even in the face of relatively low 
financial returns; so, to be sustainable, farm level developments in methods and technology of breeding 
may not need to be highly profitable to be accepted and implemented.  They do, however, have to be 
dependable and predictable in their outcomes; low incomes do not allow the adoption of risky ventures, 
and this is often a problem that constrains the implementation of new methods in livestock production.  
By contrast, the specialist breeding and reproduction technology companies that have become typical in 
the fish and poultry sectors, and increasingly in pig and ruminant production where large co-operative 
ventures have developed, are operating under strictly commercial and competitive market conditions.  
They tend to be companies financed by equity capital with management ultimately answerable to 
shareholders rather than being individual or partnership businesses, and for them the criteria attached to 
any activity or development they undertake are essentially the same as for any commercial business – 
sufficiently high rate of return, capture or consolidation of market share, and dependable product life 
cycle.  In either case, whether the initiatives are undertaken by individual farmers or by companies, the 
sustainability of developments in animal breeding and reproduction is determined by the long-term 
profitability of livestock-based agriculture. 
 
While the specialist breeding companies may be relatively few in number in any one sector of livestock 
production, with concentrated commercial operations and clear market focus, the livestock farming sector 
itself is very diverse.  This is particularly the case with grazing livestock and extensive production 
systems, which are the largest segment of animal agriculture; it is less so in the areas of ‘intensive’ 
livestock keeping, such as pigs and poultry, while the farmed fish sector is dominantly made up of large-
scale commercial operations.  The diversity of farming units embraces different regional and geographical 
environments, a wide range of sizes of enterprise, different levels of commercial and technological 
development (from part-time holdings and self-sufficient family farms to highly modernised large scale 
units), a diversity of motivations, objectives and outlook among farm operators, and wide variations in the 
abilities of individuals to handle innovation and manage complexity.  If this great variety within 
commercial livestock production is sustainable, then the developments in productivity and efficiency 
offered to the sector must ideally cater for the differing needs across most of this range. Techniques for 
animal breeding and reproduction, at least within any one sector, must be broadly accessible to all sizes 
and types of enterprise – though, given the knowledge and skill level required for their exploitation, they 
may not be effectively accessible to everyone regardless of their managerial capability or the quality of 
their other farm resources.  While some ‘scientifically advanced’ breeding techniques may be suited only 
to an elite group of enterprising, innovative and highly skilled producers, those techniques will offer little 
in terms of aggregate benefit to commercial livestock production if they remain exclusive in this way.  
They may be sustainable in a literal sense, but of no great consequence to the industry.  To be 
commercially sustainable, breeding and reproduction methods must be applicable to the role of 
maintaining, expanding and improving the livestock capital that constitutes the core of the various sectors 
of animal agriculture.  It must be consistent with the adaptive capacity across the diversity of livestock 
farms (or at least those that are sustainable units), with their commercial objectives, their management 
and husbandry skills, their ability to bear innovation risks and the required profitability levels of their 
farming business.  These requirements impose clear constraints on the pace and nature of breeding and 
reproduction technologies which can be pursued over the next 20 years or so. 
 
Economic sustainability 

To be sustainable, commercial livestock production must fit into the wider framework of markets, 
regulations, adjustment pressures and public acceptability that governs the workings of the overall 
economy.  Thus, in the hierarchy of sustainability criteria, the requirement of economic sustainability is 
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ultimately the overriding one (Norgaard, 1992).  It means that livestock breeding and reproduction 
methods must be consistent with the pattern of consumer demands for livestock products, the nature of 
the national and international markets which provide the drivers for commercial livestock production, and 
also with the perceptions and preferences of the wider society as to how it wants (and does not want) 
farm animals to be exploited in food supply.  In short, to be sustained over time all elements in the 
process of livestock production rely on the fact that they meet real demands in the economy and in 
society.  And in a dynamic context, as those demands change along with rising standards of living, new 
economic opportunities and changing social values, the methods and practices upon which livestock 
farming is based must be expected to adapt accordingly.  Much of what was effective and acceptable in 
the 20th century will increasingly become inefficient and inappropriate in the 21st. 
 
Recognition of the necessity for this ‘demand-driven’ approach in agriculture has grown rapidly in recent 
years as economic conditions have changed, European society has become more affluent and food secure, 
and the long term practice of sustaining agricultural production by policies of government support has 
come under increasing pressure for reform.  This change requires a considerable reorientation on the part 
of farmers and livestock breeders, because traditionally the innovation and technical development that 
has underpinned the evolution of the farm livestock sector has been almost exclusively supply-side driven.  
In times when expanded output and lower cost of production was the aim (the historical scenario for food 
supply) economic gain lay in achieving greater technical efficiency.  This meant higher productivity of all 
resources, and particularly from animals in terms of yield, rate of growth, feed conversion coupled with 
reduced disease, lower labour input and greater controllability/predictability of their production.  Almost 
invariably this was best achieved by exploiting further the inherent capacity of the animal as an element 
of ‘biological capital’, and enhancing that capacity over time by breeding improvements.  This is self-
evidently a supply-side process, using the knowledge and techniques of science and technological 
progress to find ways of generating more output at lower cost; the presumption was that this was to the 
commercial advantage of livestock producers, economic advantage along the length of the food supply 
chain and of net benefit to the consuming public. 
 
That was a not unreasonable presumption until the last 10 or 20 years, but is now no longer tenable – at 
least in the food markets of Europe and the developed/industrialised economies.  Here the success and 
efficiency of modern farming has created a food-secure society, and consumers with no experience of food 
scarcity take its availability for granted; they do not seek, or value, ever higher levels of output.  
Furthermore, an affluent population in which food expenditures have become a declining (and in some 
cases not the most important) element in household budgets, and which has become accustomed to 
exercising choice over a wide range of consumer goods, has increasingly developed a different attitude 
towards food purchases.  Food has become a typical consumer good (as opposed to a ‘necessity’ for which 
a set allocation from the household budget has to be put aside) and as a result is subject to the demand 
determinants of a consumption-oriented society.  More and cheaper is not regarded universally as better!  
Attention is paid as much to the quality characteristics of food products as to their price and, except for 
the poorest members of society, low cost is not regarded as the primary determinant of choice.  The fact 
that the typical major supermarket carries some 25,000 product lines is clear evidence of this; there are 
obviously not 25,000 different food products – only 25,000 varieties (brands) within a much more limited 
range of generic food commodities.  These vary according to a number of distinguishing characteristics of 
‘quality’, including technical properties in terms of nutritive value, taste, constituents, purity, etc as well 
as a range of perception properties such as origin and locality of production, environmental provenance, 
welfare standards and simply brand image.  It is these diverse characteristics of food demand in the 
modern economy that determine whether the production of any particular livestock product, and the 
processes that lie behind it, are sustainable 
 
The relevance of this to animal breeding and reproduction is reflected primarily by the inherent conflict 
between productivity and welfare.  Techniques which improve the quantity and quality of livestock output 
are still of undoubted economic value.  This is the case with higher milk yield per cow, or improved 
balance of constituents in milk; increased litter sizes of more efficient fattening pigs with more tender and 
tasty meat cuts; wider availability of ‘new’ products such as farmed fish at lower supply prices, and so 
forth.  But if this increased value is perceived to have come at the cost of exceeding some threshold of 
acceptable animal welfare, consumers with the income and inclination to exercise choice will reject the 
resulting products.  Consumer information about livestock production processes is limited, of course, but 
welfare interest groups are becoming more prominent and governments are taking increasing 
responsibility to express social preferences by legislation and regulation.  Thus, production techniques 
that were long established have been rendered unsustainable – witness the banning of sow stalls and the 
proposal to prohibit barren cages for laying hens in the EU.  Some new and successful breeding 
developments have been rejected because they threaten a concept of the integrity of the animal, such as 
blind chicken and featherless chicken – both ostensibly logical solutions to the feather pecking problem in 
intensive production; the emergence of the ‘dummy pig’, a strain that shows minimal behavioural 
responses and thereby is well adapted to intensive production, is unlikely to be accepted in Europe.  
Concerns are being expressed particularly over the acceptability of new procedures in animal breeding 
which promise clear productivity benefits but challenge ethical notions – genetic modification, cloning and 
transgenic procedures.  Animal breeders are being blamed for having created welfare problems by 
unbalanced selection procedures focussed solely on commercial productivity characteristics (hence the 
high prevalence of lameness in high yielding dairy cows, and leg and skeletal weakness in broiler 
chicken).  The concomitant of this is that modern breeding technologies, such as marker assisted 
selection, are now expected to be used specifically to meet objectives of improving animal welfare rather 
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than enhancing production-related traits.  And increased government regulation is proposed to constrain 
the applications of biotechnology and monitor developments in breeding and reproduction technology. 
 
The above discussion makes clear that ‘sustainability’ must ultimately be rooted in the wider socio-
economic environment rather than being determined by commercial concerns or technical considerations.  
This implies taking a whole food chain approach in appraising developments since the farm level context 
alone provides too narrow a perspective, and the interests of commercial breeding companies cannot be 
assumed to be responsive to social concerns.  A further reason for considering the whole food chain in a 
demand-side appraisal of sustainability is that, with the concentration of market power in the retail sector 
and the substantial element of processing in all livestock food products, it is not the thousands of 
individual households that are the effective ‘consumers’ in a market sense; it is the food 
processors/manufacturers and food retailers who effectively determine the demands that livestock 
farmers and their supporting frameworks must satisfy.  But still it is the strength, nature and durability of 
the market for food that provides the ultimate criterion for sustainability. 
 
Of course, it is largely only in the relatively high-income countries of Europe and the developed ‘western’ 
economies that the diverse quality characteristics of food products are the dominant factors in food 
demand.  In the much more populous developing countries where incomes and consumption levels are 
low, and in the wider international markets for food commodities, the traditional criteria of supply quantity 
and low cost remain the primary criteria of economic relevance.  Under these conditions, economic 
sustainability can still be based on developing and exploiting the basic productivity and performance 
parameters in livestock production.  Sustainable animal breeding and reproduction for those situations will 
remain for some time built on conventional criteria of improving livestock output performance.  This, 
therefore, confronts the breeding sector with a dual market situation for influencing its technology 
development strategy.  It can cater for the ‘modern’ affluent food markets of Europe and the developed 
world; or it can focus on the potentially larger volume, more homogenous, traditional and less dynamic 
markets for low cost livestock products in the developing world.  The extent to which breeding and 
selection programmes can be consistent with both these market situations is an important technical issue 
to be resolved, and will indicate whether economic sustainability requires a specialisation strategy or can 
be achieved through diversification of effort. 

 
4.  Economic scenarios in animal breeding and reproduction – consideration of future 
developments 
 
Breeding and reproduction in the commercial world of livestock production is determined by a complex of 
factors, both in terms of what procedures become established and what determines how they may change 
over time.  Furthermore, those factors may vary markedly across different food animal species and, 
because both consumer/public preferences and farming conditions are diverse, will inevitably differ across 
regions of Europe and the markets in which breeders and producers operate.  Regardless of location or 
species, however, the core of any framework to consider the future development of livestock production, 
and of livestock breeding and reproduction, must be the complete food supply chain; this extends from 
the specialist breeder companies (and the research community with which they work) to the final 
household consumer, as portrayed in Figure 1. 
 
 
As already discussed, the activities in this chain are now increasingly determined by demand side 
influences, whereas historically the main driving force for change has been the development and 
implementation of new supply possibilities.  The economic power on the demand side of food production, 
and the concept of ‘consumer sovereignty’ in the marketplace, means that food supply processes are 
drawn by articulated consumer demands, in principle causing a response to the declaration “give us what 
we want” (see Figure 1).  In practice, however, as is the case in most other industries, food consumers 
are not sufficiently informed or clear in their preferences to be able to specify the developments – in 
production, technique, product type, product quality, etc – that they wish suppliers to focus on.  
Producers and those who develop new production technologies, therefore, retain a dominant influence in 
determining what is delivered into the supply chain, and also how it is produced.  Production 
developments in agriculture are still to a large extent driven from the supply side, but conditioned by 
consumer preference and acceptability so that the process is much more one of “choose from what we 
make available”.  
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Figure 1.  The conceptual framework for analyzing scenarios 

 
 
Consequently there is still a very strong role for scientists, technologists, breeders and farmers in setting 
the agenda for future developments in livestock production.  In the light of this it becomes important to 
consider what pathways they foresee over time to guide their research, development, investment and 
adjustment decisions.  This can be done by postulating plausible scenarios for future development, 
exploring their implications and assessing their likelihoods.  This is the kind of intellectual enquiry process 
that logically underlies any planning activity, and so is something that breeding companies and leading 
thinkers in the livestock production sector should be doing.  Its value is to provide a structured framework 
for discussing the future, not to make predictions as such but with the aim more neutrally of identifying 
possibilities and prospects.   
 
As part of the research reported here, a survey of stakeholders in the various sectors of the livestock 
industry was undertaken to explore their views and perceptions about future developments. A 
questionnaire was designed and a survey of experts involved in the livestock and livestock breeding 
industries within the EU (including new entrants, such as Poland and Hungary due in 2004) and other 
countries in Europe (i.e. in the latter case, where a country is a significant producer, such as fish 
production in Norway) was carried out. The questionnaire was structured into three main sections to 
obtain information regarding: 

1. The driving forces of change in animal breeding and reproduction toward 2020. 
2. The technologies that will be important toward 2020. 
3. The main changes and their impacts on livestock breeding toward 2020. 

 
The questionnaire and covering letter was sent by e-mail to some 95 experts. Two reminders were sent. A 
response rate of 53% was achieved with 50 completed questionnaires covering the four species groups – 
ruminants, pigs, poultry and fish.  In addition, a number of personal interviews were undertaken with key 
informants in livestock production and breeding in Europe.  The findings are presented below. 
 

Driving forces of change toward 2020 
An economic scenario can be built around the core economic model that views livestock production as a 
resource using process to generate economic benefit to people (those ‘people’ being not just farmers 
and/or consumers but including all who have some stake in the overall activity).  The essential elements 
would be the key forces which drive the supply/production process in livestock farming coupled with the 
pressures and constraints which mould its workings, together leading to various images as to the 
outcomes and how they might change over time. 
 
Respondents were asked to score on a scale from 0 to 10 the importance of various driving forces of 
change affecting the development of breeding and reproduction in Europe (where 0 denotes ‘not at all 
important’ and 10 denotes ‘extremely important’). A list of possible driving forces was presented to 
respondents and they were also asked to identify any further driving forces.  Figure 2 summarises the 
main results. 

In general, the dominant driving force for change foreseen was the profitability of livestock production, 
gaining a mean score of 7.7 out of 10.  Close behind were food safety issues (7.0), the development of 
breeding technology (6.9), consumer demand (6.8) and product quality (6.7). Of least importance – 
perhaps surprisingly - was EU enlargement, and animal welfare was well down the list.  However, there 
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were some interesting differences between the species groups. Poultry experts considered farm-level 
profitability to be by far the most important driving force (8.5) followed by food safety issues (8.3); fish 
experts considered these two forces to be most important (8.3 and 8.2 respectively) followed by product 
quality and breeding technology (7.8 and 7.7).  Respondents to the ruminants questions also considered 
livestock farm-level profitability the most important driving force (8.1) but saw the Common Agricultural 
Policy (CAP) as the next most influential determinant (7.6). By contrast pig experts considered consumer 
demand and developments in farm production technology to be most important (both 6.8) followed by 
breeding technology (6.6) and the structure of the pig production industry at farm level (6.4). 
 

Figure 2  The main driving forces of change toward 2020 
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Importance of breeding/reproduction technologies toward 2020 

From a purely technical point of view, the primary driving forces for developments in livestock farming are 
the possibilities for generating useful output and the gains that accrue to producers and other suppliers 
from increasing the efficiency of their production processes.  Underlying all this is technology – the new 
methods and new/improved inputs, new systems of production and new/higher value products that can be 
achieved. In addition it is not just the availability of resources and their quality but also the effectiveness 
with which they are utilized that influence the outcome.  Any scenario, therefore, must start by 
considering what methods and techniques of animal breeding are available for innovation or are in 
development, and what other changes in the resource base of livestock farming are either in prospect or, 
perhaps more critically, are required to allow breeding improvements to be exploited.  Drew (1996), Hafez 
& Hafez (2000) and Kinghorn  et al  (2001) provide useful reviews of developments in the technology of 
livestock breeding and reproduction. 
 
Respondents to the expert survey were asked to score on a scale from 0 to 10 the importance of different 
breeding and reproduction technologies in Europe toward 2020 (where again 0 denotes ‘not at all 
important’ and 10 denotes ‘extremely important’).  Figure 3 summarises the main results. 
 
Artificial insemination was considered an important technology for ruminants, pigs and fish (with scores of 
8.5, 8.4 and 8.2 respectively) but not for poultry (4.7). The use of gene assisted selection was also 
considered important by fish (8.3) and ruminant (8.0) experts but less so by pig (6.6) and poultry (6.7) 
experts. Polyploidisation is relevant only for fish breeding but was given relatively high importance (7.1).  
Fish experts gave the highest importance of all to prior determination of sex (8.5) but this was considered 
less important by ruminant (6.6) and pig experts (5.4). Embryo transfer was rated of some importance by 
ruminant (5.8) experts but  less so by pig experts (4.5). Perhaps surprisingly(at least given the 
prominence they receive in the media) both transgenetics and cloning received relatively low mean 
importance scores (around 1.8-3.9) for all species groups. 
 



 

FABRE Technology Platform - 28 of 110 – SRA Annex II Horizontal Issues  
   

Figure 3  The importance of breeding/reproduction technologies 
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Clearly, consumer concerns about particular technologies, such as the use of transgenetics, may be an 
important determinant of what technologies are adopted and how those technologies are applied to 
livestock breeding and reproduction. However, the structure of the breeding industry and of the livestock 
farming industry itself may be a major determinant of future developments.  The high cost, and generally 
high research content, of progress in breeding technology puts a premium on the ability to utilize 
specialist techniques and to conduct activities on a large enough scale in order to have maximum effect.  
As a result the concentration of effort into relatively few breeding companies, allowing the pooling of 
resources and the exploitation of economies of scale, is often a major driving force (and perhaps 
increasingly a necessity) in creating new initiatives and extending frontiers of production possibility. 
However, livestock production which relies on ‘high science’ breeding technologies may not be suited to 
small scale farming and it is the evolution towards larger units (the 250+ cow dairy herd) and the general 
shift towards a larger farm structure within agriculture that may be an important influence in drawing in 
new animal breeding and reproduction technologies. 

Changes in breeding and reproduction toward 2020 and their main impacts 

Respondents to the expert survey were asked to score the overall magnitude of effects of changes in 
livestock breeding and reproduction on three distinct areas (i) costs of production, prices and profits (ii) 
location of production and (iii) structural changes in the livestock breeding and production industries. 
Respondents could score from –10 to +10, where zero would denote no effect, a negative score denotes a 
downward change and a positive score an upward effect. Figure 4 summarises the main results. 

5.  Livestock production and trade in the EU 

This section provides a statistical background for the further consideration of the future of livestock 
production and livestock breeding and reproduction in the EU. (Liinamo & Neeteson (2003) also provide 
an excellent and more comprehensive review of the economic value of livestock production in the EU).  
The European Union is a major world producer of livestock and livestock products and a major trading 
block. In 2001, the EU-15 produced around 6.3 million tonnes of beef (carcass weight), 120 million tonnes 
of milk, 13.5 million tonnes of pig meat, 0.8 million tones of sheep and goat meat, 7.8 million tones of 
poultry meat, 5.4 million tonnes of eggs and 1.3 million tones of aquaculture fish products (see Table 1, 
Appendix). However, distinct trends have been evident over the period 1990/94 to 2001.  Beef production 
has fallen in the EU-15 by approximately 22%, pig production by 8% and production of sheep and goats 
by 37%; by contrast, poultry production increased by 10% and aquaculture fish production by an 
estimated 42% over the same period. Clearly, over the last 10 years, there has been a shift within the 
EU-15 away from ruminant production and toward poultry and fish production – both changes being 
consistent with changing consumer preference. 
 
The largest producers of both beef and dairy products in the EU-15 are France and the Federal Republic of 
Germany (FRG), whilst the largest sheep and goat producers are the United Kingdom (UK) and Spain.  
The highest average milk yields are seen in Sweden, Denmark and the Netherlands (around 7000 
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litres/yr), whilst the lowest yield/cow is in Greece, followed by Ireland. The FRG is the largest pig producer 
(by far), followed by Spain and France. France is by far the largest poultry meat producer followed by the 
UK and then Italy. France is also the largest egg producer, followed by FRG. The largest aquaculture fish 
producer of the EU-15 countries is Spain, followed closely by France and then Italy. Within Europe as a 
whole, however, Norway is the major producer of aquaculture fish, the output of this one country alone 
being equivalent to around 40% of the total tonnage produced by the EU-15. 
 
Livestock holdings have declined in numbers across the EU-15 over the last 10 years and, at the same 
time, the average size of holdings has increased.  Cattle holdings in the EU-15 numbered around 1.6 
million in 1999 with an average number of cattle per holding of just over 50; this compared to 2.1 million 
and 40 respectively in 1993. The largest numbers of cattle holdings are found in France and Germany, 
whilst average number of cattle per holding varies from just 14 in Portugal to 91 in the UK. Pig holdings 
numbered around 1 million in EU-15 in 1999 with an average number of pigs of around 115 per holding 
(which varied from 18 in Portugal to 750 in Denmark). Again, the number of pig holdings in the EU-15 has 
declined from around 1.5 million in 1993 whilst average size has increased from 78 pigs per holding. 
 
Of the new EU-entrant countries, Poland is the largest livestock producer, followed by Romania and then 
the Czech Republic. Poland is by far the largest EU-entrant country producer of cattle, pigs and poultry 
(and the largest aquaculture fish producer). However, none of the new EU entrant countries are significant 
aquaculture fish producers at present. In total, the 15 EU-entrant countries add roughly 14% to the 
current level of EU cattle production, 25% to pig production, 16% to poultry production and 8% to 
aquaculture fish production. 
 
EU trade in livestock and livestock products is substantial (see Tables 2 and 3, Appendix). Over the 1997-
2001 period, the EU-15 countries imported an average of 1.9 million tonnes per annum and exported an 
average of 2.2 million tonnes of beef, with Italy, UK and France being the largest importers and FRG, 
Ireland and the Netherlands being the largest exporters. Over the same period, the EU-15 imported an 
average of around 3.7 million tonnes of pig meat per annum and exported 4.4 million tonnes. The largest 
importer is FRG, whilst the largest exporter is Denmark, followed by the Netherlands. EU-15 imports of 
poultry meat were around 1.8 million tonnes per annum over the period, whilst exports were nearly 2.3 
million tonnes. The largest importer is FRG, whilst the largest exporter is France, followed by the 
Netherlands. There is relatively little EU trade in sheep and goat meat, with around 0.4 million tonnes 
imported on average over the period and 0.2 million tonnes exported. The largest importers are France 
and the UK, whilst the largest exporter is the UK, followed by France. The EU-15 imported an average 3.0 
million tonnes of whole milk per annum over the 1997-2001 period, 2.8 million tonnes of fresh milk 
products (excluding cream), 0.6 million tonnes of butter and nearly 2.0 million tonnes of cheese. Italy was 
the main importer of whole milk. Over the same period, EU-15 countries exported 4.6 million tonnes of 
whole milk, 3.0 million tonnes of fresh milk products (excluding cream),  0.6 million tonnes of butter and  
2.3 million tonnes of cheese. The FRG was the largest exporter of milk, fresh milk products and cheese, 
whilst Ireland the largest exporter of butter. 
 
Livestock production accounts for around a half of the value of agricultural output in the EU-15. Milk 
production accounts for 18% of total, pig production 12%, cattle production 11% and egg/poultry 
production 8%. The livestock sectors in the EU-15 have been through a difficult period in the late 1990s 
early 2000s, particularly due to livestock disease outbreaks such as BSE, Foot and Mouth Disease and 
avian flu. These have affected EU exports in particular. Average EU (family) farm incomes were around 
€17, 000 per holding in 2000/01 for milk producers (with a range of net farm value added from €70,000 
for Denmark to €13,000 for Portugal), nearly €13,000 for grazing livestock (not including milk) (with a 
range of net farm value added from €52,000 for Luxembourg to €6,000 for Portugal) and €30,000 for 
pig/poultry holdings (with a range of net farm value added from €162,000 for Denmark to €16,000 for 
Portugal). Incomes were generally higher than the year before (especially for pig/poultry producers) due 
to favourable prices. Prices have since weakened again, with a general 5.6% drop in animal prices in 2002 
compared to 2001. 
 
6.  Economic components of scenario development 
 
Other contributors in the SEFABAR project have outlined the technical specifications of possible future 
scenarios for livestock breeding and reproduction within Europe. The economic drivers of change, and 
hence the economic components of possible future scenarios, are essentially associated with the prospects 
of increased profits and higher rates of return on the capital employed.  To a large extent these will be 
determined by two things.  First is the size and growth of the market for the particular livestock products.  
In some cases, such as in the fish sector, consumer demand is currently developing to increasingly 
include farmed fish – both freshwater and sea fish – as a common component of food consumption, much 
as a couple of generations ago poultry meat changed from being a luxury to a habitual purchase.  In 
others it is new varieties and ‘brands’ of established livestock products that are experiencing demand 
growth – such as the case of ‘designer milks’, organic products, or the growing preference for breast meat 
relative to the whole chicken – as well as general improvement in the image and eating quality of various 
meats that will drive breeding developments.  In other cases it is simply market expansion without 
necessarily any qualitative change, as with EU enlargement or the opening up of world trade and the 
possibilities of supplying growing demands in the rapidly developing economies of China and Asia, which 
drives the search for greater breeding and reproduction efficiency.  The second major 
economic factor is the unit price of livestock products which is a key determinant of profitability. To a 
large extent this is determined by the cost of production, and in this respect technology has always been 
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a fundamental determinant of both cost and competitiveness, and will remain so (in both the pig and 
poultry meat sectors, for example, experts felt that food conversion efficiency would still remain as a key 
breeding objective).  But it is the demand for higher ‘quality’, and hence higher value, livestock products 
by an affluent and well fed consuming society that now provides the long term incentive for developments 
and, as with all other consumer goods, one can expect animal breeding and selection to be focused on 
refining the various quality characteristics of livestock.   
 
Although increasing the technical and economic productivity of farm animals will continue to underlie 
breeding developments, there are now a number of factors that might be considered as significant 
constraints to unhindered progression in this respect, particularly relating to consumer demand and 
agricultural/food policy.  The first are food safety concerns, now prominent in the public’s mind following 
BSE, notable Salmonella,  E.coli  and campylobacter  episodes and (strangely) the FMD outbreak in the 
UK. Although it is difficult to postulate any direct link between breeding technology and food safety the 
perceptions that ‘intensive’ (i.e. high livestock productivity) systems carry the threat of food infections or 
potentially harmful residuals could act as a restraint on consumer demand and acceptability of some of 
the developments that are aiming to improve the production performance of farm animals.  More 
importantly, as discussed already, perceptions about the welfare standards in livestock production and the 
ethical/welfare aspects of otherwise ‘more efficient’ methods of breeding and reproduction can 
significantly affect consumer demand for products and so must be included in any scenario.  Welfare 
standards are also an element affecting acceptance by the general public (i.e. regardless of purchases or 
consumption levels) of modern livestock farming methods, as are associated environmental consequences 
of especially intensive systems.  The paradox is that the majority of people nowadays are disconnected 
from the food production process and know little of farming methods, yet uninformed opinions and 
vaguely formed concerns are still highly influential.  In this respect, for example, breeding methods which 
allowed prior determination of sex in fertile eggs could be of major social benefit in alleviating the dismay 
often expressed when people realize that half of all chicks hatched for the egg-laying flock are 
immediately dispatched – and using a method which is as distasteful as it is humane.  Similarly, means of 
extending the lactation of dairy cows, initiating lactation without calving, or extending the productive life 
of cows beyond 3 or so lactations would be considered highly desirable – though perhaps offering little if 
anything in the way of productivity gain – to reduce the perceived excessive culling of cows and unwanted 
calves. 
 
Added to the constraints on change deriving from consumer demand and public perceptions that an 
economic scenario should embrace, there are potential constraints on the supply side also.  These are 
more likely to lie within livestock farms than within the breeding companies.  As already stated, 
innovation and change require the acquisition of new knowledge and mastering new ways of doing things.   
Lack of experience and the uncertainty as to outcomes involves an element of risk, which can then create 
a barrier.  Farmers who are accustomed to the established methods may lack the inclination or ability to 
take such risks, either because of financial vulnerability or simply because they are uncomfortable with 
the unfamiliar and the prospects of ‘getting it wrong’.  This could be particularly important in relation to 
breeding and reproduction techniques, around which the whole success of the herd or flock – and hence 
the livestock farm itself – is built.  Added to their novelty, new methods are frequently more complex, 
more sensitive to the mode of implementation and more demanding of husbandry and management skills.  
They may also require specialist and expensive support resources, such as professional veterinary 
involvement, or equipment that adds to the cost of the change.  None of these aspects are likely to be 
significant in the context of the modern, large-scale, enterprising livestock producer; but they do not form 
the majority of livestock farmers across the EU, and a development scenario based only on the abilities of 
the elite is not entirely realistic for considering the foreseeable future.  

7.  The potential impact of the CAP and international trade policy on the European    livestock 
industry 
 
It is clear that developments in livestock production and in livestock breeding and reproduction in Europe 
will be highly susceptible to developments in agricultural and international trade policies.  By the same 
token future European production and trade in livestock and livestock products will be influenced by many 
factors, including: 
• the environmental impact of livestock (and animal feed) production; the availability of water, land, and 
natural resources; climate change; 
• demographic change and its regional impact; 
• economic growth and its regional impact; 
• changing consumer perceptions and expectations; 
• technological change, including GM crops and transgenic animals; 
• new technologies to combat animal disease (and human disease with an animal vector), and the 
emergence of new or more virulent diseases. 
 
These influences may be affected by policy measures, sometimes at a national level but frequently at an 
international level. Thus, in the European Union the common agricultural policy (CAP) has been an 
important influence; but national policies are also constrained by international agreements, such as those 
administered by the World Trade Organisation (WTO) and Multilateral Environmental Agreements (MEAs). 
 
Traditional farm policy concerns 

Over the past decades the activities of the CAP, which have both enlarged the market for many livestock 
products by intervention buying and raised prices by trade protection measures, have been at the core of 
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agricultural profitability.  The current process of reform indicates that this is changing and that the CAP, 
and the livestock production dependent upon it, is no longer sustainable in its current form. 
 
Many countries around the world protect their agricultural sectors using: i) high tariff barriers (i.e. import 
taxes), ii) domestic production subsidies, and iii) export subsidies. This encourages domestic production 
and distorts world trade. The traditional focus has been one of supporting farm incomes, although many 
of the policies that have been pursued have not been at all efficient in delivering this outcome. More 
recently various so-called non-trade concerns have come to the fore. These include the desire to maintain 
a certain level of domestic food production on food security grounds (a European concern for livestock 
products during the two world wars of the 20th Century, but more usually expressed as a need to 
maintain adequate supplies of cereals), and the claim that a certain level of agricultural production is 
necessary to sustain the ‘multifunctional’ (but non-marketable) by-products of agricultural production, 
namely landscape, fauna and flora, and a culturally diverse society.  
 
In the EU, milk production has been heavily protected. Production is constrained by quota, import taxes 
are very high, surpluses are exported onto world markets with the aid of taxpayer-funded export 
subsidies, and the EU buys up stocks of butter and skim milk powder in order to sustain market prices. At 
the time of writing the EU’s Council of Agriculture Ministers is deliberating on a CAP reform package 
known as the mid-term review. If adopted this package would substantially reduce the intervention price 
of butter and skim milk powder and extend the quota regime until 2015.  Despite the cuts in intervention 
prices, farm revenues would not suffer a corresponding fall because farmers would receive a new dairy 
premium linked to their production quota. Ultimately, however, the dairy premium would be transformed 
into a ‘Farm Income Payment’ that would be decoupled from production. The medium term prospect is for 
EU milk production to remain profitable, although constrained by quota, and incentives for pursuing 
conventional efficiency gains via breeding and reproductive technology will therefore remain high. 
 
The beef sector is also heavily protected, but the switch from market price support (borne largely by 
consumers in the form of higher food prices) to direct taxpayer-funded subsidies began much earlier. A 
complex array of headage payments apply, and to collect these subsidies farmers must possess the 
animals on which they claim. A proposal in the mid-term review was that headage payments be replaced 
by the aforementioned Farm Income Payment, meaning that farmers would no longer actually have to 
keep animals to claim subsidy. This, it is suggested, would encourage farmers to reduce their stocking 
(estimated by about 14%) and EU beef production by 3%.  Clearly, if payments are available without 
animal production, striving for greater efficiency in breeding and reproductive  loses its central force. 
 
The pig and poultry industries are much less heavily protected. Import taxes remain high, although 
imports of poultry meat are approaching 5% of EU consumption, in part because of tariff rate quotas 
(reduced import taxes on a fixed volume of product) agreed in the WTO, and in part because of 
inconsistencies in the tariff rate on particular cuts, or treatments (salted, added water, etc). Historically 
EU production costs were heavily inflated because its policy on cereals kept the cost of cereal-based feed 
well in excess of world market levels. Although this problem has been partially assuaged by a succession 
of reforms to the EU’s cereal regime, there remains a residual problem of feed-cost inflation in the EU due 
to the CAP. There is little internal support of EU pig and poultry prices, and they tend to fluctuate widely. 
However, exports from the EU are an important outlet - getting on for 10% of EU pigmeat production, and 
over 10% of EU poultrymeat production, is exported. Although some of these exports can now be made 
without export subsidies, the strength of export demand  is an important determinant of the profitability 
of these industries. 
 
Products of the fish farming industry benefit from modest import tariffs, but there is no sustained effort to 
increase producer revenues as with the other livestock industries discussed above. 

GATT, WTO, Uruguay, Doha and Cancún 

Much of world trade has been governed by the General Agreement on Tariffs and Trade (GATT) which 
dates back to 1947. Although its remit embraced trade in all products, for a variety of reasons trade in 
food and farm products remained largely unaffected by GATT rules until 1995. In that climate the EU’s 
CAP was able to develop deploying policy mechanisms that would have been deemed in contravention of 
international agreements had they been used in other sectors of the economy. 
 
The Uruguay Round of GATT negotiations (1986-1994) changed all that. It created, from 1 January 1995, 
a World Trade Organisation (WTO) with a meaningful dispute settlements procedure to administer the 
Uruguay Round Agreements.  This package of agreements includes two that are particularly relevant to 
livestock production, an Agreement on Agriculture and an Agreement on the Application of Sanitary and 
Phytosanitary Measures. 
 
As a result import tariffs on agricultural products were definitively fixed (i.e. ‘bound’) and reduced – 
although to-date this has had little impact upon the CAP.  Agricultural subsidies were categorised into 
either trade-distorting policies (the so-called amber and blue boxes) and which became constrained; or 
non-trade-distorting policies (the so-called green box), which are not of concern to the international 
community. The prospect of this policy change was instrumental in prompting the EU to adopt the 
MacSharry reforms of the CAP in 1992, and in part lies behind the European Commission’s plans in the 
mid-term review for a Farm Income Payment decoupled from production.  Finally, the Agreement on 
Agriculture agreed limits beyond which WTO Members could not subsidise exports of agricultural products, 
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and these export limits are problematic for the EU in a number of sectors: sugar, milk, beef and 
processed food products in particular. 
 
Thus the Uruguay Round Agreements prompted only modest reform of the CAP, but they did place a 
straitjacket around the policy in that, in the main, protection to the farm sector could not be increased. It 
also held out the prospect of further reform of farm policies, and this prospect will be significant in 
shaping developments in the livestock sector.  
 
The WTO now has 145 Members and regulates the bulk of world trade. Although some players (e.g. 
Russia) are not yet members all the significant traders (including China) are. It is a rules-based system of 
international trade, with rules that can be enforced through the Dispute Settlement procedure. 
Furthermore it is a ‘single undertaking’, meaning that an infringement of rules in one sector of the 
economy can be penalised by applying trade sanctions elsewhere.  Thus, agricultural trade issues can no 
longer be discussed in isolation. Powerful commercial interests elsewhere in the economy will be brought 
to bear on trade ministers if an infringement of the rules on agriculture threatens retaliatory trade 
measures against their interests. 
 
It would be wrong to assume that the portfolio of agricultural policies worldwide that existed in 1995 was 
a stable set. A number of policies were - and many more may yet be - challenged and deemed 
incompatible with WTO rules, as the Canadian dairy industry found to its cost. Thus reform of farm 
policies worldwide would proceed through the judicial process, using existing WTO rules, even if there 
were to be no new agreement for farm policy reform.  But a new Agreement on Agriculture is in the 
offing.  Agriculture is central to the trade liberalisation agenda agreed at Doha by WTO Ministers in 
2001and due to be completed by December 2004. The ‘modalities’ (i.e. the rules of the new Agreement) 
were to have been established by 31 March 2003, but this deadline was missed; it remains to be seen 
whether or not they can be agreed by the time WTO Ministers meet in Cancún, in Mexico, in September 
2003. 
 
There are proposals on the table that, if adopted, would imply more sweeping reforms of the CAP than 
those proposed by the European Commission in the mid-term review.  They would eliminate export 
subsidies over ten years, potentially render the EU’s direct payment scheme un-operable unless replaced 
by the decoupled Farm Income Payment, and promote sweeping cuts in import tariffs which would impact 
heavily on all the livestock sectors except fish (which is not covered by the agriculture agreement). 
 
Can the EU resist these changes? Not easily, because a crucial protection within the existing Agreement 
on Agriculture, the ‘Peace Clause’, will lapse at the end of 2003. This is a complex, and difficult-to-
understand legal provision that exempts agricultural policies from other GATT disciplines provided the 
provisions of the Agreement on Agriculture are adhered to. Should the Peace Clause lapse, (and it can 
only be renewed by consensus of WTO Members) a large number of complaints about the CAP would be 
brought into the Dispute Settlement procedure.  
 
Thus, a further liberalisation of world trade is to be expected. Although there are some advantages for 
livestock production to be gained from the European climate (grass to the north and west) and the 
proximity of a large consumer market, an increase in imports is to be expected provided overseas 
suppliers can meet European regulatory requirements and consumer expectations. 
 

Emerging trade policy concerns 
Developments in livestock production and its technology are susceptible to three major trade policy 
issues. 
• First, animal disease and product safety concerns are covered by the WTO Agreement on the Application 
of Sanitary and Phytosanitary [SPS] Measures.  Clearly SPS measures impact on trade (e.g. beef 
hormones), and the international regulation of SPS issues through the WTO (and by extension, the 
international standards agencies such as the International Office of Epizootics) is important. Some strange 
trade barriers exist, nevertheless; for example it has been the case that poultry exports from the US have 
not been admitted into the EU, whilst those from Thailand and Brazil have.  International pressure will 
likely result in countries having to justify more carefully their SPS measures, demonstrating that they are 
based on science and appropriate risk assessments, and that they recognise the principle of 
regionalisation (i.e. that disease risks are better defined by objective geographical and ecological 
conditions than political boundaries). However, important though SPS rules are, the emphasis within the 
modern food chain on safety, traceability and quality mean that that it is retailers, rather than 
governments, that set the binding rules (see Swinbank, 2000a). 
 
• Second, animal welfare and other ethical concerns have the potential to impact upon international trade 
(see Swinbank, 2000b). In part this is simply reflected in the demands that retailers place upon their 
suppliers, but the EU sees animal welfare to be an important non-trade concern that should be negotiated 
in the Doha Round. It is unlikely that trade barriers could be used to differentiate between alternative 
animal welfare regimes, but the EU would like international authorisation to apply mandatory labelling of 
alternative animal welfare standards and to grant additional producer subsidies to domestic producers 
whose costs of production are increased by the stricter animal welfare legislation they face. The latter 
would involve an amendment to the so-called green box of the existing Agreement on Agriculture, and 
current proposals do include such a provision. Quite how this international debate will play out is 
uncertain, but it is quite possible that the EU will impose higher welfare standards on its own producers 
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whilst failing to secure international backing for either mandatory labelling or domestic subsidy schemes.  
Such an outcome represents one of the worst scenarios envisaged by the livestock experts consulted. 
 
• Third, new technologies, and the products thereof may be subject to regulation.  Debate to date has 
largely focussed on the acceptability of GM crops (on food safety, environmental impact, and ethical 
grounds). This is relevant to the livestock industry because of the impact on animal feeds, but a more 
anguished international debate is likely to ensue if the prospect of transgenic animals being used in 
mainstream agriculture (as opposed to limited pharmaceutical applications) materialises. Again it is 
difficult to predict how this trade conflict will be resolved, but it seems clear that national restrictions on 
the use of these technologies, and products, will impact on trade for many years into the future. 
 
8.  Economic scenarios 
 
As a result of discussions with key informers, two clearly differentiated market development scenarios 
have been identified.  Both seem entirely possible, not as mutually exclusive alternatives but as 
representing perhaps a dual economic path that developments in the livestock sector might follow. 
 
The first has been characterized as the ‘techno’ scenario.  It reflects a situation where developments are 
determined primarily by the driving force of the available animal technology, with livestock production 
dominated by the continued search for higher productivity and lower unit costs of output.  The hypothesis 
is that the biological productive capacity of farm animals can still be expanded further, and that breeding 
and reproduction technology is a key element in creating this higher efficiency capital resource to serve 
the needs of livestock farming.  The associated assumption is that there would remain a substantial (and 
perhaps growing) market for basic livestock products laying no claim to distinctive quality characteristics 
beyond the minimum requirements for welfare and food safety.  Consumers, either through lack of 
information or unrefined preferences, are seen as treating livestock products as merely a commodity, 
seeking no particular differentiations and their purchases being based essentially on price. However, 
standards with regard to food safety, animal welfare and the environment are still likely to be relatively 
high both compared to many other countries outside of the EU and compared to current standards 
prevailing within the EU. Under this scenario, EU producers (except perhaps those able to exploit major 
cost economies due to scale) will struggle to be competitive on world markets without price support 
and/or export subsidies and are likely to produce primarily for the EU internal market. 
 
The second scenario has been labeled as an ‘eco’ one.  In this instance the consumer preferences for 
livestock products are seen to be highly differentiated such that this becomes the major influence in 
farming changes.  Demand for products with clear and demonstrable attributes of high animal welfare 
standards, purity and safety, environmental provenance, distinctive origins carrying desirable images, etc 
are a dominant element of the food market.  This is the classic situation of production being demand 
driven, with that demand being articulated in a specific and forceful manner. The productivity of farm 
animals in the conventional technical sense is not the ruling influence in production, and hence it is not 
the ‘cost’ but the (perceived) ‘value’ that determines consumer purchases.  In the same way as relatively 
expensive cars, clothes or other consumer goods are seen as satisfying the preferences of people, so they 
accept that higher price products provide the value they seek.  At one extreme this scenario could imply a 
great diversity of ‘niche’ markets (local/regional produce, meat from minority breeds or unconventional 
livestock types, outdoor production, slow-growing/natural/organically produced animals, sheepmeat 
associated with distinctive environments, livestock producing low pollution levels, etc) – and which 
presents major issues for breeders in foregoing the advantages of catering for bulk markets in exchange 
for focused but high value sectors.  At the other extreme it could be that regulations relating to animal 
welfare and environmental conditions of livestock production are radically tightened by public demand, so 
that all livestock products must meet a far higher ‘quality’ standard.  Either way, while conventional 
production efficiency advances will remain an important target for animal breeders, because individual 
livestock producers will continue to seek whatever might give them a competitive edge, they will be 
strongly conditioned by qualitative criteria about what are acceptable ways of breeding and farming 
livestock. 
 
Alongside these two ‘market’ scenarios, different policy scenarios need to be considered. We identify two 
different policy scenarios for 2020 based on possible future developments of current EU policies for 
agriculture and for international trade. 
 
The first policy scenario sees a development of current proposals for reform towards one of a CAP with 
support decoupled from the output of agricultural products and emphasizing land-based environmental 
payments.  In the interim at least, direct income payments to producers will be made, but these will be 
gradually phased out and may cease to exist by 2020. Tariff barriers (for dairy products, beef and 
sheepmeat) are likely to still exist for the next 15-20 years, although at lower levels than those currently 
applied, but export subsidies will cease. The result of this policy scenario would be for less intensive 
grass-based livestock production (lower stocking rates) within the EU with environmental scheme 
payments for marginal lands in particular. Housed livestock would benefit from lower cereal prices. Thus, 
there would be a relative fall in dairy, beef and sheep production in the EU (15) and a relative rise in pig 
and poultry output. New member states will expand output of livestock products toward 2020, and 
demand within the new member states will also increase. Lower land and labour costs are likely to see a 
movement of some livestock production eastwards within the new EU.  
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The second policy scenario sees a return to a more protectionist policy. WTO talks towards greater 
liberalisation could well stall, and instead regional trade agreements become the main vehicles for 
international trade rules. High tariff barriers are maintained but with preferential access for certain 
developing country exporters. EU support of agriculture is still decoupled with no export subsidies and 
dairy quotas will have ceased. The vast majority of livestock output will be for consumption in the 
protected internal market. The enlarged EU will produce largely for itself and not for the world market and 
will be close to self-sufficiency in livestock products. Again, lower land and labour costs are likely to see a 
movement of some livestock production eastwards within the EU. 
 
The implications of these scenarios for livestock breeding and reproduction will centre on the nature of the 
different markets within the EU and between the EU and the rest of the world. EU livestock producers are 
unlikely to be able to compete on world markets with low cost (and  often low ‘quality’) livestock 
producers such as Thailand, China, and Brazil etc. However, due to enlargement there will be a larger and 
growing market within the EU. This market will be split between many differentiated markets of relatively 
high priced livestock products (based on animal welfare, environmental attributes etc.) and a, probably 
larger, market of cheaper undifferentiated livestock products produced at lowest cost subject to 
constraints of meeting relatively high (by world standards) EU standards on food safety etc. Breeding 
companies will need to supply to both these market types. Producers outside the EU will be able to 
continue to produce to less stringent standards, and may therefore be able to benefit from different 
breeding lines and technologies than those used in the EU. 

9.  Conclusions 

 
• The main driving forces of change for sustainable livestock breeding and reproduction toward 

2020 are (i) the profitability of livestock production within the EU (ii) food safety issues and 
consumer preferences (iii) development of breeding technology. 

• The main changes affecting livestock breeding and reproduction within the EU toward 2020 are 
(i) increasing market power of food retailers/processors (ii) development of market niches due to 
increasingly sophisticated consumer demands (iii) overall reductions in livestock product prices, 
profitability and competitiveness of EU producers. 

• There are two main economic ‘market’ scenarios for sustainable livestock breeding and 
reproduction within the EU, which are likely to co-exist side by side. These are – (i) a market for 
‘lowest cost’ basic livestock commodities meeting minimum requirements for animal welfare and 
other standards (although these will be relatively high compared to world markets); (ii) highly 
differentiated markets for distinctive ‘higher value’ livestock products based on region, methods 
of production etc. The former is likely to remain the largest market for producers. 

• There are two main policy scenarios for sustainable livestock breeding and reproduction within 
the EU. These are (i) a reformed CAP with decoupled support, land-based environmental 
payments, interim direct income payments to farmers currently receiving support, lower level of 
trade tariff barriers. This would result in less intensive levels of grass-based livestock production, 
and relative increase in pig and poultry due to lower cereal prices (ii) A return to protectionism 
within the EU, with regional trade agreements and high tariff barriers to trade. Under both 
scenarios, the enlarged EU will produce largely for its own (growing) internal market. 

• The implications of these scenarios for sustainable livestock breeding and reproduction in the EU 
are for breeding companies to be able to supply the needs of the differentiated product markets 
whilst also catering for the ‘low cost’ production methods of both EU producers and producers 
elsewhere is the world who may not be constrained by producing to relatively high EU standards. 

 

The authors acknowledge the assistance of Professor A Swinbank in the preparation of this paper. 
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Figure 4  The magnitude of effects of changes in livestock breeding and reproduction 
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Overall, the largest upward changes were foreseen with respect to the market power of food retailers and 
processors (mainly due to the structure of the food/livestock industries) and the development of market 
niches (due to consumer demands). Downward changes identified were relatively very small, with the 
market power of producers, the margins of producers, the prices received by producers and the 
competitiveness of EU producers all being seen as declining slightly (mainly due to policy and trade 
influences). Fish experts considered the largest upward changes to be the development of market niches 
and costs to the breeder, with a small downward change for the competitiveness of EU producers. 
Ruminant experts considered the largest upward changes to be the development of niche markets and the 
market power of retailers/processors with, again, small downward changes in the market power and 
margins of producers and producer prices. Pig experts considered the largest upward changes to be the 
market power of retailers/processors and the movement of production eastwards within the EU. 
Downward changes foreseen by pig experts included producer prices and market power of producers but 
also a fall in farm production costs, such that the margins of producers would little change. Poultry 
experts considered the largest upward change to be the market power of retailers/processors with other 
small upward changes for breeder and producer costs, industry concentration (breeders) and the 
development of market niches. 
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Appendix 

 
 

 
Table 1 

Gross indigenous production (1000 t) in the EU-15 in 2001 

  Cattle Pigs 
Sheep & 
goats Poultry Fish Milk Eggs 

Belgium - - - - 2 3,091 235 

Denmark 154 1,761 2 218 41 4,418 80 

Federal Republic of Germany  1,402 3,909 46 974 47 26,883 870 

Greece 50 135 113 163 96 1,310 121 

Spain - - - - 313 6,388 692 

France 1,785 2,323 139 2,269 252 23,816 1,030 

Ireland 509 244 71 121 61 5,338 32 

Italy 930 1,423 47 1,134 261 10,660 740 

Luxembourg - - - - - 261 - 

Netherlands 345 1,685 23 701 - 10,842 645 

Austria 226 465 8 108 2 2,658 93 

Portugal 94 291 23 311 8 1,846 113 

Finland 90 174 1 76 16 2,442 61 

Sweden 145 278 7 105 7 3,290 108 

United Kingdom 634 778 270 1,572 - 14,160 657 
 
Source: Cronos database, EUROSTAT        

Notes:         

Fish production from aquaculture only       

Milk production includes cattle, goat, ewes and buffalo milk       

Milk production in 2000 for Greece and Finland       

Egg production for consumption and hatching       
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Table 2 

Average annual imports for EU-15 1997-2001 (1000 t) 

  Cattle Pigs 
Sheep & 
goats Poultry 

Fresh 
dairy 

Milk 
powders Butter Cheese Eggs 

Belgium - - - - 678 118 106 203 301 

Denmark 80 55 5 26 32 7 22 38 19 

Federal Republic of Germany  264 1,087 59 718 255 184 172 506 277 

Greece 140 177 19 46 157 16 5 67 49 

Spain 83 96 12 111 747 10 6 108 177 

France 302 481 159 168 849 72 140 177 278 

Ireland 14 37 2 30 66 10 4 19 22 

Italy 384 765 25 42 828 151 53 325 220 

Luxembourg - - - - - - - - - 

Netherlands 176 124 9 237 643 255 45 113 238 

Austria 14 77 2 39 100 2 4 57 30 

Portugal 62 94 10 14 250 12 2 21 58 

Finland 10 14 1 3 11 1 0 18 3 

Sweden 41 47 4 11 17 0 0 37 7 

United Kingdom 320 628 132 350 339 18 49 260 178 
 
Source: Cronos database,  EUROSTAT
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Table 3 

Average annual exports for EU-15 1997-2001 (1000 t) 

  Cattle Pigs 
Sheep & 
goats Poultry 

Fresh 
dairy 

Milk 
powders Butter Cheese Eggs 

Belgium - - - - 1,106 190 119 116 472 

Denmark 125 1361 1 122 54 97 41 245 63 

Federal Republic of Germany  511 486 9 170 2,153 458 51 525 568 

Greece 3 5 0 5 10 0 0 21 3 

Spain 140 335 19 55 246 13 2 34 67 

France 325 600 11 895 1,183 283 79 475 490 

Ireland 475 125 56 38 23 132 128 89 75 

Italy 128 123 3 104 27 1 16 157 30 

Luxembourg - - - - - - - - - 

Netherlands 377 1,011 4 652 367 197 113 498 266 

Austria 67 109 0 7 169 5 2 45 37 

Portugal 1 14 - 2 314 11 7 3 84 

Finland 12 22 0 2 19 2 10 28 7 

Sweden 8 36 0 7 13 1 6 17 5 

United Kingdom 10 211 92 198 68 25 22 59 81 
 
Source:Cronos database,EUROSTAT 
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Excerpt from SEFABAR final report (abstract, country boxes and conclusions) 

 
Breeding and Society: the art of creating new and multiple 

equilibria 
 
Jan Schakel, Rudolf van Broekhuizen 
Wageningen University and Research Centre, Rural Sociology Group, Hollandseweg 1, 6706, KN Wageningen 
The Netherlands 

 
Abstract 
 
In six countries (Norway, Italy, France, Thailand, USA and The Netherlands) different representatives of the 
major players in the field of breeding –key persons in government, agricultural policy and breeding 
organisations- were interviewed. Attention was paid to the four species: pigs, poultry, ruminants and 
aquaculture. These interviews gave the information and insights to identify, to compare, to analyse and discuss 
the different cultural contexts of breeding for the different species. In spite of the world-wide process of 
globalisation, industrialisation and homogenisation, considerable differences were found; in and between the 
countries, as well as in and between the species. Due to different cultural contexts the relation between 
breeding and society appears to differ strongly and they can even be interpreted in different ways. At the same 
time all countries had some characteristics in common. The most important one is, that each countries tries to 
find (it’s own) balance between the process of globalisation and (re-)localisation. In the conclusions it is 
stressed that breeding is emerging as a range of multiple equilibria, each entailing a specific definition of 
sustainability. Although world-wide breeding seems more and more like a ‘global village’, culture still matters! 

Box 1: Norway: general characteristics 

Looking at Norway, it is quite clear that the societal opinions and the ‘power balance’ are clearly not in the 
disfavour of the rural community and agriculture. The starting points of thinking about agriculture are the 
liveability of the countryside, the related regional development and environment. 
Norwegian culture has a well-developed civil and political tradition that assumes collective action to meet social and 
economic problems. The principles of collectivity, co-operation and equality are firmly embedded in rural policy 
as well as in breeding. A fair distribution of profits, work, facilities between sectors, regions, sexes etc. may be 
seen as a part of Norwegian policy and culture. For instance: the price of AI (Artificial Insemination) in 
Finnmarken (nearly 2000 km north of Oslo) is the same as near the AI-centre in Hamar in the south: “that is 
typical Norwegian”. There is another typical Norwegian profile of breeding, the NRF-cattle, with one broadly 
supported Norwegian breeding strategy. Characteristics are: a) co-operation: breeding is based on collective 
effort of farmers; b) the application of broad breeding goals (relative little weight on production); c) farmers 
own the organisation + decide about breeding goals; d) the availability of lot of data on health, resistance to 
diseases etc.; e) short distance between theory and practice; f) for long: attention has been paid to functional 
traits g) early reorganisation. To a certain extent for fish and pigs the same tradition is found (tradition of broad 
breeding goals, long term point of view, care for environment, regional policy, regulation regarding quota ), but 
differences with ‘the global’ are smaller. 
On the one hand there is the process of globalisation. Although different for the species and countries, all 
visited countries face a tendency of globalisation. Globalisation is one of the most important characteristics of 
modern institutions and has both a spatial and an economic dimension. Multinational companies dominate an 
increasingly large portion of the value created in food production. There is a tendency to concentrate activities 
there where the purchasing power is greatest; organising production of raw materials in rural areas, while 
centralising the rest of the value added. Globalisation therefore tends to be a development process that is out 
of balance: the networks and social relations often function on the conditions of the powerful actors. This 
results in the control of food being concentrated in the hands of fewer and fewer multinational actors. The 
spatial consequences are the marginal and sparsely populated rural societies that are reduced to being the 
producers of raw materials (or where agriculture even disappears from the scene).  
 
Box 2: Italy: general characteristics 
When you visit Italy you will experience yourself that the starting point of thinking is “the product” (to make a 
blunt comparison with Norway: Norway cares about farmers, Italy doesn’t care about farmers but cares about 
products). The main aspects of the product are eating culture (gastronomy), the quality and diversity. There is 
a broad shared opinion that Italy can’t compete on cost-price but has to compete on quality of the products: 
the stories of prosciutto, Chianina, Parmiggiano-Reggiano-cheese etc., these stories and practices are grounded 
in gastronomic culture (often there is a unity of gastronomy, area and breed). The great variety of 
environments, agricultural systems and traditions generated a great variety of food products which have a 
strong linkage with the locality in which they were originally produced. What on the first sight appears to be 
marginal, might well become the cradle of a new blossoming economic activity in and around agriculture, 
leading as well to increases in regional agrarian income. 
The example of the production of Chianina cattle and meat in the marginal mountain areas of Umbria and 
Tuscany in the centre of Italy can illustrate this (Saccomandi, Ventura, and others). The Chianina-breed (the 
meat of which is used, a.o., for the bistecca fiorentina) has long been considered as a disappearing breed. It 
seemed to become extinct and ‘driven away’ by the competition of other beef-cattle breeds (especially import 
of Limousin from France).  
Last years, the Chianina-breed goes through a revival; one of the elements (together with other ones) of this 
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revival was the BSE-crisis. When the consumption of beef in Italy decreased due to BSE, at the same moment 
the sale of Chianina went up. 
It offers the consumer precisely what he or she wants: a high quality product (with a specific taste and (entailing 
distinction), absolutely free from residuals (especially but not only the carriers of mad cow disease), very tasty and 
produced in a controllable way. Consequently there is a shift of demand that goes from the high competitive 
feedlots in the plains of Italy and elsewhere (where mostly imported heifers are fattened) towards the Chianina 
system. 

Box 3: France, general characteristics  

In France breeding like other agricultural activities heavily depends on all kinds of institutional networks and the 
co-operative and the corporatistic culture. To understand breeding in France it is important to understand the 
rules, regulations, procedures, persons, organisations, institutions; in other words, the culture of breeding. 
Because France is a “Nation of villages”, it is important not only to know the (central) rules, laws, regulations 
and institutions, but also the regional representatives of it. Breeding is heavily embedded in the different 
regions: in regional politics (concerning landscape, liveability, employment, tourism, etc), but also in regional 
history and regional identities. The AOC is not only important for wine etc. but also for breeding and 
agriculture. 
Beside the importance of the idea of the region and of the institution, it is also important to be aware of the 
idea of food-quality and -culture for understanding French breeding. For instance: The famous Label Rouge is 
getting more and more important nowadays for French breeding -although it already has a history of 35 years, 
and doesn’t primarily refer to notions of welfare and ethics, but to food-quality (traceability, origin, taste, 
performance etc). Another important aspect of French breeding is the historical and actual consciousness of 
regions and rurality. Analyses of breeding always begin with people, locality, ecology: they don’t start with 
genes; genes come at the end. 

Box 4: USA, general characteristics 

What are ‘typical American’ characteristic features as far as agriculture and breeding are concerned? The first 
answer of most of our informants was: nothing, the general characteristics and economic and technological 
developments and trends are not different from those in the Netherlands, China or elsewhere in the world: 
globalisation, scale enlargement, concentration of industries, ongoing industrialisation of agriculture etc. In 
other words, agriculture and breeding more and more become uniform all over the world; maybe in the USA 
‘everything is a little bit bigger’. On the first sight these trends seems to match well with (lack of) the American 
eating-culture. Maybe typical American is that there seem to be no clear countervailing practices and initiatives: 
no culturally based demand for specific quality, no distinctive region products etc. 
In a lot of states there is a lot social concern and sympathy as regards ‘the family farm’ (with a historical 
background that is going back to Thomas Jefferson who declared that the USA is a country of small-holders). 
There are a lot of small initiatives to support the relative small-scale family farms and production in the own 
state: farmers markets, shops who are ‘GMO-free’, local elite’s who stands up for products from their own state 
(e.g. ‘Iowan banquet’ [see Hinrichs, 2003]). These initiatives and practices are scattered, mostly superficial 
(generally the products in question are not distinctive at all) and not rooted in local culture. Because of a lack of 
content they often could be characterised as ‘defensive localism’ or ’easy patriotism’. And these initiatives are 
not linked up with breeding. A lot of people ‘want something’ but nothing real happens; helplessness and 
powerlessness dominate. 
Nevertheless, there are people within animal husbandry and animal breeding who are convinced that in the USA 
there is a substantial potential for product differentiation, niche product and quality products (especially as 
regards the better restaurants: ± 50 of the spending on food is in restaurants); but these potentials are not 
exploited. The enormous diversity in the USA (life style, ethnic origin, climate, agricultural structure, etc.) 
should offer a lot of opportunities. In their opinion it is not a matter of lack of market-potential but of a lack of 
organisational capacity, knowledge and infrastructure. The current large-scale food industry is not interested in 
product differentiation (on the basis of differentiation in primary production) and niche markets. Especially the 
absence of mid-sized industry that has to distinguish oneself by means of specificity is a problem. The 
domination of large-scale industry is a important issues in North American scientific literature on food chains 
and food systems. A lot of attention is paid to ‘alternative agro-food networks’ and one of the most important 
questions is their capacity to wrest control from corporate industrial agro-food systems and the hegemonic 
agricultural techno-scientific complex and create a domestic, sustainable, and egalitarian system (Goodman, 
2003). 
With regard to breeding debates are started on the used technological model. E.g. in the USA only 30% of the 
inseminations is successful. This problem can be dealt with through a) cross-breeding (a growing practice) and 
(re)-creating variety and robustness in farming practices or b) give hormone-injections to cows (further 
‘artificialisation’). The choice for one of these solutions is a.o. dependent of the type of agriculture one wants; 
to a large extent a cultural and ethical choice. 
 

Box 5: Thailand, general characteristics 

In spite of the industrial and financial boom in the eighties, Thailand still is an agricultural country, and the Thai 
culture is tied to agriculture. But: as Thailand has many faces, so there are different types of agriculture. It is 
misleading to assume that Thailand was and still is an ecologically and ethnically uniform rice-producing 
Buddhist country. Thailand has traditionally been an agricultural country and a major food exporter and still has 
the capacity to produce more food than it consumes. Thailand is one of the ‘newly agro-industrialised countries’ 
(NACs) in the southeast region of Asia, and has moved from primary commodity export oriented farming, to 
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value added agro exports. Within the last two decades, it has become one of the few net producers of the world 
of a wide range of agricultural and fishery products. In Asia, it as after China the most significant food exporter 
in Asia (even the number one Asian exporter of processed food). Thailand is also the world’s top exporter of 
frozen shrimp, frozen chickens, natural rubber and canned pineapple products (like juice and concentrates), the 
second largest exporter of all types of sea food, one of the top vife global exporters of rice and sugar and one 
of the main exporters of baby corn and tropical fruits! Through these and other exports, Thailand feeds more 
than four times its population. But as important as agriculture is to the export income of Thailand, it is also the 
employer of 80 percent op the population and it is critical that there is an increased impoverishment of small 
farmers and Thailand faces all kind of social, political, environmental and ecological problems. Due to improved 
international environmental and food quality regulations, Thailand seems to reach the limits of a further 
industrialisation and intensification of agriculture. In the eighth National Economic and Social Development Plan 
(1997-2001), agriculture became part of wider development objectives like assisting the underprivileged, 
improving regional and rural infrastructure, reducing poverty, preserving and rehabilitation forest areas, 
increasing awareness of sustainable alternative agriculture and promoting investment in rehabilitation and 
protection of the environment. The enormously expansion of Thai agriculture, stimulated and planned by state 
and industry and facilitated by Green Revolution technologies has allowed continuos increases in production, 
while rural poverty increased with uneven distribution of economic benefits. Environmental concerns become 
more and more important: the irreversible changes to the Thai landscape from rice and rubber agriculture, 
upland deforestation and coastal prawn agriculture, changes in water regimes due to irrigation and uncontrolled 
groundwater extraction, problems related to the intensive use of chemicals and hormones, etc. There is a 
growing consciousness that small-holders provide a cultural and traditional harbour for Thai agriculture and 
society. Their intensive integrated production systems allow high quality outputs and efficient use of waste 
products. They might be useful to find a new balance between the perspective of social equity, environmental 
management, sustainability, education and religious and cultural values and Thailand’s inseparability from 
global food chains, agro-business and development politics. 
 
In breeding this balance is hardly found; in poultry Thai breeding is part of the world-wide chains and strongly 
embedded in the economic rationality of the globalisation processes. In aquaculture the same tendency 
becomes visible (strongly focussed on short-term strategies, ignoring environmental and social issues). But at 
the same time alternatives are being developed: in dairy breeding (Chokechai), a breed that is better adapted 
to the Thai environment; in poultry: the development of the black Thai chicken for different markets; the 
creation of ‘Village partners’ in pig husbandry and breeding etc. All these new breeding practices are small and 
organised in a local setting. But a lot can be learned from experiences in aquaculture: the NACA (Network of 
Aquaculture Centres in Asia-Pacific) is very successful in developing a sustainable practice in breeding and 
aquaculture and can be regarded as a promising alternative for the high-industrialised breeding within world-
wide industry and food supply chains. They bridge the cap between the industrialised and the marginalised 
aquaculture and create a new balance, or even a new synthesis.  
 
Box 6: The Netherlands, general characteristics 
In the Netherlands has been a long history of variety in breeds and breeding practices and interlinkages 
between breeding and farming practices. For a long time the commitment of farmers with breeding was strong 
and their influence was substantial. However, nowadays there is hardly any specific ‘Dutch breeding’ left; the 
Netherlands has become a sort of international melting pot. There has been a concentration process and Dutch 
breeding organisations want to be ‘world-players’. Genetic material comes from all over the world and is 
distributed all over the world. The basic idea is that ‘the best’ genetic material is suitable and ‘the best ’ in 
nearly everywhere and in all situations. This idea is e.g. reflected in the creation of one central dairy cattle 
breeding organisation (CR-Delta) that wants to be a major international player. 
The search for sustainability and food-quality in combination with critical and dramatic events (avian influenza, 
swine fever etc.) provoked public debates about farming and breeding (and the need for more attention for 
robustness, resistance, health and variety, especially regarding pig and poultry breeding). 
Notwithstanding this indicated tendency, there still are some counterpoints, especially in dairy breeding. Some 
examples are: a) in organic dairy farming is a discussion on the need for a typical ‘own organic breeding’, b) 
some producers of farm cheese persist in breeding Groningen Whiteheaded Cattle, c) some nature conservation 
organisations want to use the traditional (and nearly extinct) Deep Red breed, d) especially regarding poultry, 
there are a lot of people who have ‘hobby-chickens’ of all kind of chicken breeds and e) there still are some 
small ‘alternative’ breeding companies. 
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Conclusions 
 
Animal breeding represents a specific and often well delineated practice that links with, and is partly governed 
by, a specific subculture of the involved breeders and breeding specialists. Time and again, this practice and the 
associated subculture articulate with a range of other practices and subcultures. These are, amongst others, the 
practices and subcultures of farmers, consumers, politicians and, within the framework of sustainability, even 
the assumed future generations. Very important are the public debates on the future of primary production 
(both animal husbandry and aquaculture). These debates will fire back, in one way or another, on the practices 
of breeding. Together these practices, subcultures and debates compose national and often also regional 
clusters, which, through a variety of mechanisms, attribute specific features to national and regional breeding 
practices. That is how breeding becomes part of culture: it is affected and partly shaped by a range of, often 
unpredictable (sub-) cultural influences (and the associated negotiations), whilst it exerts itself also an 
undeniable impact on culture as a whole. 
From this point of view, breeding is continuously facing the need to be part of the many balances entailed in 
modern society. That is, breeding is, time and again, to search for and to construct new equilibria: breeding is 
to be in line with the many practices and subcultures with which it interrelate. 
 
Notwithstanding the growing internationalization in breeding, there is, worldwide, a considerable diversity in 
breeding practices. Whilst the maintenance of a distinctive rurality is a clear objective in Norway (which clearly 
orders a range of breeding decisions), in Italy it is rather the preservation and further development of 
distinctive food products that orients breeding decisions and the associated breeding trajectories. In France the 
reality of agricultural diversity is inspiring and informing breeding practices. In the Netherlands, on the other 
hand, it is the desire to become a world player in breeding, which crucially structures the development of 
breeding. This contrasts with the United States of America, where currently uniformity is the rule, but where 
differentiation is explored as probably a promising opportunity. Finally we have the example of Thailand: here 
juxtaposition is the main characteristic. On the one hand there is world market oriented large scale production, 
on the other there is a distinct, and mainly small scale industry operating for the local market. Breeding 
practices for the two are completely separated albeit promising alternatives are being developed to bridge the 
dichotomy, a.o. by NACA. 
 
Hence, there is, at world level, considerable heterogeneity in breeding. Such heterogeneity is often repeated 
within the single nation states. Evidently, this many-layered heterogeneity is reflecting the fact that breeding 
practices (and the associated subcultures) are part of wider constellations of interacting practices and 
subcultures. Equally, different breeding practices are to be understood as ever so many responses to these 
different constellations. That is, world wide breeding is emerging as a range of multiple equilibria, each entailing 
a specific definition of sustainability.. 
 
This conclusion is not denying the remarkable and impressive internationalization of breeding. It is probably the 
other way around. That is: the construction of multiple equilibria builds on and is, at least partly, grounded in 
the international flows of breeding capacities, genetic material, scientific knowledge, communication, etc. Be it 
in Norway, France or Thailand (or wherever), breeders have to reconcile global information (and increasingly 
also global material) with national, regional and local circumstances, that is with the practices and subcultures 
of the country, the region and the involved actors (farmers, politicians, consumers, NGO's, etc). Global insights 
and materials are thus actively translated (and reconstructed) into distinctive practices, breeds, products, 
habits and interrelations. 
 
The need to do so will not diminish. Although there is a strong and understandable tendency in the world of 
breeders to go beyond the insecurities (and related costs) of this ongoing and decentralized interplay as 
entailed in the different national constellations, the construction of multiple equilibria is, in the first place, 
indispensable. If existing institutions will not do so, new institutions will arise. Secondly, from this construction 
of different and often new equilibria, there might arise novelties: the initially exceptional, but then highly 
promising new opportunities that entail new marketing possibilities. Thirdly, the breeding industry has to take 
into account that an exclusive orientation on a limited array of breeding lines might well run counter to the 
phenomenon of path dependency and declining revenues. In a world that is constantly changing, heterogeneity 
potentially represents capital.  
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Excerpt from SEFABAR final report (abstract, country boxes and conclusions) 

 
Public Opinion About ‘Sustainable’ Farm Animals Selection and 

Reproduction – Final Report1) 

 
Arouna P. Ouédraogo 
INRA-CORELA, 65 Boulevard de Brandebourg, 94205 Ivry/Seine. E-mail : arouna.ouedraogo@ivry.inra.fr 
 
Abstract: 
 
Key words:  
consumer perceptions, farm animal breeding and reproduction, food safety, health, consumer concerns 
 
The Public Opinion partner investigates consumer perceptions, and eventual knowledge and concerns about 
farm animal breeding and reproduction in France and the United Kingdom, even though the study at some 
stages widened its scope (mainly at the last phase) and covered other countries like the Netherlands and 
Belgium. The aims of the study are to collect people’ opinion about farm animal breeding and reproduction and 
identify and analyse the nature of the perceptions of the peculiar activities of animal breeding and reproduction, 
both within and amongst the study countries. The results of the qualitative and quantitative studies 
demonstrate that although consumers have scant knowledge about farm animal breeding and reproduction, 
they grant it great importance, considering the practices at this early stage of the animal production as the key 
ones on which depend many related factors, such as animal health, and human food safety, human health 
notably. When consumers do express concern about animal-based products, their concerns are 
multidimensional. They systematically use breeding and reproduction as an indicator of other and more 
important concerns: food safety, quality and healthiness, so that they equate breeding and reproduction 
schemes with good food standards. 
Consumers usually associate good breeding and reproduction methods with safer food quality. 
They claim to be uninformed about these practices and would trust breeders to provide more reliable 
information about their practices, even though they do not have clear idea of what they should do with this 
information, as there are many intermediaries between breeders and reproducers and consumers; however, 
consumers in both countries do not trust the Government or the food industry as sources of information. 
Consumers are aware of the risks entailed with free market, especially with products circulating freely among 
countries with different legislative standards, so they would agree to protect European breeders and 
reproducers through imposing EU standards and labels to all imports. Among the measures consumers would 
like to see applied about farm animal breeding, the study identified: consumer education, legal definitions for 
labeling,  

1)      This report is derived from a project entitled “Sustainable Farm Animal Breeding and Reproduction” 
(QLRT-1999-31368), funded by the European Commission. The report does only reflect the views of 
the Public opinion socio-economic partner of the project.  

 
Perceptions of and Concerns about Farm animal Breeding and Reproduction in England and France: 
a questionnaire survey 
 
Summary 
The aim of the questionnaire survey was to assess the level of consumers’ knowledge and information about 
animal breeding and reproduction; to understand what sustainable breeding and reproduction actually means to 
people in the study countries; to provide indications of the nature and extent of public concerns about farm 
animal breeding and reproduction; to collect the major issues to be addressed to the breeding professions, as 
part of the next phase of the study. The questionnaire survey aimed at testing some working hypotheses 
generated from previous exploratory qualitative study conducted in England and France. After a pilot study 
have been conducted with 8 people in England and 7 in France, a face-to-face survey of 80 people was 
conducted in September 2002 in each country. The results reveal that in both study countries, respondents had 
scant knowledge about farm animal breeding activities, while they displayed increasing interest to know more 
about them, as they unanimously consider them as the core activity in the animal-based food chain. Issues of 
safety and health drove and determined these interests, so that breeders are considered as the major 
responsible, not only for ensuring acceptable breeding standards, but also for providing information about their 
practices. While differences in level of information could be seen among English and French respondents, the 
overall picture of the ‘information’ issue shows that television, the usual source of information of people, does 
not provide understandable information to consumers. Women are the most concerned about breeding activities 
while the level of education composed a discriminating variable regarding the acceptability of modern breeding 
and reproduction methods: graduate people have a more positive perception than the less educated people. 
However, French oldest respondents seem to be very concerned with the potential role of breeding to maintain 
the breeding patrimony of rural regions. 
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Focus Groups and Results 
 
Symbolic Goods in the Market Place 
Public Perceptions of Farm Animal Breeding and Reproduction in France and the United Kingdom 
 
Abstract 
Results of previous qualitative and quantitative stages of the research project demonstrated that although 
consumers had poor “knowledge” about breeding and reproduction procedures, they were concerned about the 
impact of breeding practices on their food items all the more as not only they acknowledged breeding and 
reproduction to be at the very core of animal-based food chain process, but especially because modern 
breeding programmers beg so much for genetics that their practices increasingly raised consumer concerns, 
that this last stage of the project aimed to address.  
Pig breeders, dairy cattle breeders, poultry breeders and specialized scientists have first been (n=10) 
interviewed by means of semi-structured questions to provide simple and clear definitions of the major 
techniques used to breed and reproduce animals; they were further asked to talk about the major issues and 
stakes (economic competition, local market constraints, regulations, etc.) of their profession and its importance 
for society. Main results of these interviews were used to settle a discussion guide- including definitions of 
breeding techniques like artificial insemination, embryo transfer,  in-vitro fertilization or molecular genetics - to 
be used in four focus groups (two of 8 participants each in each country) composed of 32 participants. 
Participants were firstly asked which issues dealing with food concerned them. Such question intended to set 
the scene and actually allowed spontaneous responses, which would locate the specific issue of farm animal 
breeding and reproduction amongst a possible plethora of consumer concerns about food in general.  There 
were a wide variety of concerns about food, in general.   
As if once defined and described, the breeding techniques ceased to raise ferocious concerns, they either had 
by themselves a very low profile, or benefited from positive assessment, all socio demographics inclusive: they 
were symbolic products “providers of life” to many female respondents, witnessed scientific progress for major 
ABC1 socio economic group. Molecular genetics were the exception, raising lots of ethical frameworks. Farm 
animal breeding and reproduction methods rather raised high level of concerns in conventional terms like  
safety, healthiness and quality of food, factory farming and related consequences on environment, international 
issues, and cost.  
Further, respondents of the different focus groups ranked among many strategic propositions to address their 
concerns about modern farm animal breeding and reproduction: EU regulation of breeding procedures, 
education of consumers about breeding methods, labelling of products on breeding and reproduction grounds. 
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From ‘Farm Animal Breeding and Reproduction and their Ethical, Legal and Consumer Aspects’ final 
report  

Farm animal breeding and the law 
 

Christine Noiville 

Centre de Droit des Obligations. Faculty of Law. Paris University I. Panthéon – Sorbonne. 75004 Paris France 
 
 
Industrial property on farm animal inventions has become clearer in Europe since the recent adoption of the 
E.U. patent directive. In many respects, the situation is satisfactory, since a patent is a useful tool. It confers a 
20-year monopoly to the inventor of a new and useful product or process, as long as it is disclosed to the 
public. As such, a patent is a fair return to innovators and an incitation to technical progress. This paper 
analyses the impact of new patent law on farm animal breeding and selection. It first examines what is 
patentable in farm animal breeding technologies and products. It then turns to the potential problems that may 
be associated with such patents. In the final section, the paper examines if animal welfare, a concept that is 
gaining a growing legal importance, may put special constraints on future breeding work. 
 
 I.  An equitable return for farm animal breeding innovations 
 
European Patent law requires that any invention be novel, inventive and has industrial applicability. The 
invention has also to be a patentable subject matter (not excluded by patent law) and must meet the 
requirements concerning enabling disclosure (a person skilled in the art may actually reproduce the invention) 
and clarity (the language must be comprehensible). Since most of these requirements could not traditionally be 
met with animals, European patent law excluded animal varieties and most methods of producing animals.  
With scientific and legal evolution, things are far more favourable today. It is now possible to patent a gene and 
its application in an animal, an animal itself and methods of breeding.  
 
A. Patents may be granted on technical processes for the production or selection of animals 
a) Production methods 

The rule is that patents cannot be granted for essentially biological processes for the production of animals, but 
microbiological or other technical processes are patentable.  
It is logical that essentially biological processes for the production of animals are not patentable, because they 
consist entirely of natural phenomena. No one can be granted an exclusive right on traditional, widely used 
methods like crossing or interbreeding. 
 

Conversely, microbiological processes ("any process involving or performed upon or resulting in microbiological 
material") are patentable, as well as other technical processes. As soon as a process incorporates a stage that 
cannot naturally occur, this is considered to be technical and can be protected. The question of whether a 
process is "essentially biological" (non-patentable) or "essentially technical" 

(patentable) is therefore one of the degree of technical intervention by man in the process and its impact on 
the desired result. When, in a process for the production of animals, biological as well as technical elements are 
present, one has to find out where the core of the invention lies. If human intervention plays a determining - 
and not only supporting - role in the invention, if it plays a significant part in controlling the result to be 
achieved, if the quality of this intervention is more than routine manipulation of a known and naturally 
occurring biological event, if the result of the process is substantially different from those provided by natural 
phenomena or classical breeding processes, then the human intervention is seen as decisive and the process 
considered as patentable. 
In this context, a large number of new processes that are being presently developed are theoretically 
patentable. This is the case for methods to produce transgenic animals, cloning techniques, methods to 
increase fertility of farm animals, or multi-step processes like the method of inducing polyploidy in oysters, 
which are to be seen "technical" even if they involve a purely biological stage at one point or another. 
 
b) Marker-assisted selection methods 
Apart from this new kind of method, a large number of processes do not "produce" new animals but help to 
select animals with desirable traits: marker assisted selection, DNA genotyping, genetic fingerprinting, ovum 
pick-up, etc. As none of these methods are "processes for the production of animals", they only have to satisfy 
classical patentability requirements. But two things must nevertheless be kept in mind. Firstly, they must not 
be "methods for treatment of animal body by surgery or therapy" nor "diagnostic methods practised on the 
animal body", because they would then be excluded from patent law (which will not be the case for most 
current methods). Secondly, using DNA information for the choice of a breeding animal does not make the 
animal genetically modified; only the use of the process by laboratories or breeders will give the right to a 
royalty payment.  
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B. Patentability of animals 
Inventors generally seek a stronger protection than process patents and try to have animals as such patented 
as well. The E.U. patent directive confirms that such a protection is possible. Each new animal, as long as it is 
also inventive and applicable in industry (which will be the case either if the animal is used for milk or meat 
production or if it is raised for the production of organs or therapeutics), is patentable as such. This is the case 
for genetically modified animals (transgenic, knockout, etc.) in which part of the DNA has been technically 
changed in a way which would not occur by natural processes. Should a patent be granted on the animal as 
such, no one can reproduce it - whatever the technical mean used - without being authorized by the company 
or the researcher holding the patent.  
Some have feared that the patentability of new animals would nevertheless be hampered by the exclusion of 
animal varieties. As a matter of fact, for historical reasons, both EPC and the E.U. directive exclude animal 
varieties from patentability. But it is far from being a source of legal insecurity. The main reason is that 
inventions currently developed in the biotechnological field may be applied not only to a particular variety, but 
also to a whole higher taxinomical degree. For example, a company that discovers a coding gene for a 
substance increasing muscular growth or a new cloning technique can apply this invention to any animal. The 
exploitation of the invention is not only possible in the form of an animal variety, like a cloned charolaise. The 
company will then claim exclusive rights over any cloned or transgenic non human mammal as exemplified in 
the patent, not only over a "cloned charolaise". Once the invention is applied to varieties - charolaise, holstein, 
etc. - by breeders, the company will be entitled to collect royalties.  
 
C. Patentability of animal genes  
Patents are frequently written with a number of claims, which may cover genes or gene sequences. Such 
products are patentable, even if their structure is identical to that of natural elements present in the animal 
body. As long as the gene has been isolated from the animal body and the inventor has disclosed its concrete 
use, it is no longer considered as a discovery but as an invention. In such cases as developing a selection test 
based on the sequence information, utilising the gene to produce a transgenic animal or as a marker gene etc., 
the gene itself may be patentable.  
One thing which must be well understood is that such patents have no effect on traditional breeders: patent 
holders are not able to claim rights on farm animals naturally carrying this gene; they may only claim rights on 
the use they proposed of this gene. 
 
One can see that European patent law will duly reward research efforts in the farm animal breeding sector and 
that ideas sometimes expressed by companies and breeders - appropriation by a patent of "mere conventional 
breeding practices", impossibility to patent new animals because of the "animal variety" exclusion - are wrong. 
But it is now necessary to focus attention on the potential risks of the new patent law in the practice of 
breeding.  
 
 
II. Potential problems associated with patents in farm animal breeding  
 
This part of the analysis is naturally more speculative. This is only the beginning of a patent registering period, 
which makes it difficult to have a general view of who possesses what and what are the strategies adopted. The 
opportunities of delivered or claimed patents for major innovations in breeding are still unclear. The impact of 
new technologies will depend on the way these technologies are marketed, and at what price. Will they be 
embodied in G.M. animals as such or in processes, like vaccines? In some cases, there may be a direct choice 
available between these alternatives, depending on economical and acceptability factors.  
Three problems have nevertheless been identified: a risk of competition between patentees and traditional 
breeders; a potential problem attached to broad patents on products or processes; application of the "farmer's 
privilege" and traceability of patented animals. 
 
A. Risk of competition between the patent holder and traditional breeders 
A simple example will help understand the situation. A company gets a patent on a genetic modification process 
making cows resistant to mastitis infection. Obviously, this invention will present an economic interest for him 
only if it is applied to bovine varieties. The company will then claim protection for "any transgenic cow resistant 
to mastitis infection" and will be entitled to collect royalties for any commercialization of any bovine variety 
genetically modified as exemplified in its patent. The company may then sell the genetically modified animals, 
without any authorization from the developer of the traditional varieties used. The latter won't be able to fight it 
and won't obtain any return from it since traditional breeding practices are not protected under any intellectual 
protection law.  
Traditional breeders are becoming aware of this potentially unbalanced situation and are beginning to organize 
some form of protection of their breeding work. A first type of protection is currently organized through sales 
agreements: by using sales contracts, breeders intend to allow biotechnology companies to take advantage of 
their breeding practices only if the companies buy the varieties. A second type of protection is to get animal 
varieties protected under tradenames: several breeders in the pig sector are currently trying to protect new pig 
varieties by a trademark.  
Neither of these two types of protection really appears satisfactory. The first one implies a constant and difficult 
control of the use of breeds. In fact, the breeder will sell breeds to farmers, some of them reproducing the 
breeds. Even though farmers generally commit themselves not to sell breeds to anybody, there is a risk that 
such a situation may arise. The breeder cannot do anything, neither to effectively prevent such releases, nor to 
fight against the patent holder who will modify and commercialize the breed since he is not a counterfeiter. 
Protecting animal varieties by trademarks does not work much better. Actually, trademarks only protect a 
name: by being the only one to use this name, the company gets a competitive position on the market. But 
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trademarks do not protect the genetic improvement realised by breeders. Should a biotechnological company 
apply its invention to the variety and sell the genetically-modified variety, the breeder could not oppose it, even 
though his variety is protected by a trademark. From a legal point of view, a better system would be to create 
intellectual property rights for animal varieties. Certainly, such a project comes up against several difficulties, 
like the legal definition of varieties. But in any case, such rights would provide better protection than the two 
types seen above.  
 
B. Patents and effects on research and development in animal biotechnology 
Theoretically, patents promote innovation and stimulate industry and academia to constantly pursue innovation. 
But as far as biotechnological inventions are concerned, it has been feared that patents may hamper the 
research and development of new innovations, for patents in this field are sometimes very broad.  
 
a) Research exemption 
It must be recalled, nevertheless, that patent law has a "research exemption" rule, whose goal is precisely not 
to block fundamental research. Any breeder or any company has a free access to patented animals or genes 
and may experiment in order to develop a new application of the gene or to perfect a protected method. But as 
its name suggests, research exemption is only valid within the confines of research. As soon as the breeder or 
the company develops an invention closely related to the patented one (for ex. a new application of a patented 
gene) and wants to commercialize it, he may be obliged to get the authorization of the patentee. The latter is 
not obliged to grant a license and may prevent the second invention from being commercialized. Such a 
position is uncomfortable, for the current trend in biotechnology is to deliver broad patents conferring wide 
monopolies. In this field, the risk that an invention be dependent on another one is therefore high. Is this also 
the case in animal biotechnology? 
 
b) Effects of broad claims 

Although the few wide patents found today in this field particularly concern animals used as experimental 
models or bioreactors, there are also some examples of wide patents regarding breeding of farm animals. For 
instance in aquaculture, one patent claims "all transgenic fish" expressing a growth hormone gene. Wide claims 
are also numerous in patents covering animal genes, such as genes encoding bovine prolactin, porcine growth 
hormones or salmon growth hormone, which already seem to be protected by a large number of potentially 
overlapping patents. A first inventor has a patent on the gene and its use, which is described in a relatively 
abstract manner ("the muscular growth regulation function operated by the myostatin gene"). A second 
inventor holds claims on a more specific part of the same gene for a more specific application ; a third 
one...etc.  
In some of the above examples, the wide monopoly is legitimate because if the inventor was only protected for 
what he actually achieved - a specific transgenic salmon or a specific gene - anyone could freely carry out his 
invention by using a slightly different gene performing the same activity or by crossing the patented gene into a 
different species. The patent would therefore be commercially worthless. From a business perspective, wide 
claims are therefore essential to obtain effective control of breeding technology. But with regard to the future of 
research and development in this field, important questions must still be answered. For example, should 
insertion of a growth hormone gene into a pig always be a basis for claims over other farm animals, even if the 
effectiveness of the transformation techniques on these other strains may not be known at the time of 
patenting? In a similar vein, in a research sequence moving from a relatively abstract idea - for ex. "a fish gene 
having an antifreeze function" - to detailed implementation - a more precise description and application of this 
gene -, who should have what rights? As a matter of fact, excessively wide monopolies can prevent the useful 
improvement of inventions. Several patent-law directions should be considered by patent offices and courts, 
such as a strong non-obviousness principle and a reasonably limited scope of patent claims.  
 
c) Patents on biotechnological processes  

Fears are more concrete here because of the numerous patents on animal breeding and reproduction 
inventions, many of which are already distributed in the form of processes and some are licensed, so that 
effects on the breeding sector are easier to anticipate. 
Some of these patents apply to specific and quite narrow situations (cloning of bovine embryos, method of 
producing transgenic pigs, process of culturing avian embryos, etc.) but others are broad patents on basic 
processes of animal breeding. For example, several broad patents cover basic approaches to the production of 
transgenic animals, such as a patent on genetic transformation of zygotes. Above all, a similar situation of 
broad patents exists in the field of marker-assisted selection tools. Here, a growing number of patents - 
especially in the pig sector - protect methods of detecting genetic mutations or genetic variations in functional 
genes that directly influence production traits, for example pigs that are resistant to stress or more likely to 
produce larger litters or to develop less intramuscular fat.  
As the first generation of patents with a real impact in the animal biotechnology field, such patents have 
sometimes caused concern in the animal selection sector. The owners of these patents are in a position to 
require royalties from a very large number of persons working in the pig sector and the patent may be very 
difficult to bypass because of the broad monopoly. For instance, a Canadian company holds a patent on a 
"mutant RYR1 gene" and a method of identifying said gene in a pig. Claims are drafted in such a way that any 
method to determine the presence of the mutation is protected by the patent. Any improved process proposed 
by another company would be considered counterfeiting, which is all the more inconvenient when the requested 
royalties seem high. In these areas, it may be necessary to support public sector research and to explore ways 
to develop intellectual property arrangements in order to ensure that these techniques are available to the 
whole breeding sector at fair commercial conditions. This is particularly important for patents on methods of 
detecting diseases such as mad cow disease. In such situations, it would seem necessary to make adjustments 
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to the patent system, which could rely upon a compulsory licensing mechanism tailored to this problem of 
broad patents. 
 
C. "Farmer's privilege" and traceability of genetically modified animals 
With the farmer's privilege, which is an exemption from traditional patent law, the E.U. directive tries to 
establish an equitable solution whereby both the farmer and the patentee will benefit from the invention.  
 
a) The exemption 
As far as he is concerned, the farmer appears to have the legal right to mate the patented animal and to 
perpetuate offspring without royalties. As long as it is for an agricultural purpose (milk, slaughter...) and not for 
a commercial reproduction purpose, it is not an act of infringement to reproduce a patented transgenic farm 
animal through breeding, to use such animal in the farming operation, or to sell such animal or the offspring of 
such animal. Though it is still difficult to know whether this exemption will be worthwhile for the farmer - 
because little is known on the genetic drift of transgenic animals - such a rule will be important especially for 
small farmers who intentionally reproduce animals. 
Acting as a breeding company, however (selling the germ cells, semen or embryos of a patented animal) is 
considered to be commercial reproduction and is forbidden, as it is in direct commercial competition with the 
patentee. The patent holder has the legal right to forbid such use of his invention or to claim royalties. Nothing 
is clear, however, about application of the derogation, which is left up to the different countries' responsibility. 
 
b) Application of the derogation 
Firstly, states will have to specify exactly what the exemption means: does "pursuing of the agricultural 
activity" include the reproduction, by a farmer, of a patented transgenic sheep producing a therapeutic 
molecule in its milk? Does "livestock" include aquaculture fish? Secondly, states will have to take a position on a 
more fundamental issue: the control of transfers of genetically-modified, patented animals between farmers.  
In fact, although this may vary according to the species, patented animals will be dispersed from farm to farm. 
For example, in the beef cattle sector, transfers between farms are frequent and types of use are varied (bulls 
sold for immediate slaughter, for breeding purposes, etc.). Logically, the patentee should then sell breeding 
stocks with a side contract specifying the requirement to indicate any transfer of semen, embryos or animals. 
He could then monitor each transfer of patented animals, identify transfers for "commercial reproduction", test 
each animal and check which ones carry the patented genetic modification, and finally ask for royalties. But 
such monitoring seems highly difficult: is it realistic to expect farmers to become involved in such patent 
enforcement? Is a monitoring of sales and collection of royalties possible given the large volume of sales and 
numerous changes of ownership? Facing such difficulties, the patentee may find that policing to collect royalties 
is unnecessary and that marketplace solutions present the most efficient method of allocating the cost of 
enforcement. He may carry out no monitoring and claim no residual rights to fees but merely sell the animal for 
a higher price.  
Today, national authorities tend to let companies and patentees find such marketplace solutions. Their first 
reaction is to transcribe the farmer's privilege "a minima", without any special rules, and to let things evolve as 
regards choice of companies commercializing G.M. animals. But such a solution may not be satisfactory, for two 
reasons. Firstly, a "pricing policy" could make the cost of the patent prohibitive and ruin the usefulness of the 
farmer's privilege, whose idea is to prevent, for practical but also for economic reasons, the payment of 
excessively high prices. Secondly, although patent law does not itself require any monitoring of animal transfers 
and uses, such monitoring may soon become mandatory since traceability requirements are emerging in the 
field of GMOs, in order to prevent ecological consequences or sanitary risks and to establish separate channels - 
genetically/non genetically modified animals and food derived from them - leaving the consumer free to choose. 
In the same way as it is already enforced in the bovine sector, traceability may oblige those concerned to 
organize the close monitoring described above, instead of simply choosing "pricing policies". For this reason, it 
appears necessary for States to participate, alongside breeders and farmers, in a global reflection on the 
articulation of patentees rights, farmer's privilege and traceability issues (which system, who pays ?...).  
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III. New breeding technologies and animal welfare 
 
As seen above, the development of new breeding technologies is supported by the law. But at the same time, it 
may be limited for reasons of animal welfare, a concept which is gaining a growing legal importance and which 
could put special constraints on future breeding work.  
 
A. Such a constraint is already reflected in patent law itself.  
As such, patent law does not create any welfare or ethical problems. A patent only constitutes intellectual (not 
real) property. Moreover, a patent is only a monopoly for commercial use but does not make the invention 
acceptable to society. Even if a patent has been granted, the use of the invention may require authorization. 
Conversely, a ban on patenting does not prevent development and use of inventions that could make an animal 
suffer. Nevertheless, in accepting patenting, the patent directive makes a strong choice in favour of the 
development and use of biotech. inventions. It has therefore become necessary to put limits in the text. As far 
as animals are concerned, "processes for modifying the genetic identity of animals, which are likely to cause 
them suffering without any substantial benefit to man or animal, and also animals resulting from such 
processes" are not patentable. More broadly, "inventions shall be considered unpatentable where their 
commercial exploitation would be contrary to public order or morality". Any application for patent in the animal 
field will be subjected to a systematic ethical assessment. It will then need to have a clearly stated purpose so 
that its justification can be assessed by patent examiners. 
Welfare is not the only concern expressed by the E.U. directive, which also expresses a more philosophical 
concern - the identity of animals - about the mixing of human and animal genes or the creation of outrageous 
chimeras. But welfare nevertheless gets a determining role that may hamper patentability. The patent 
examiner must find out which human benefits are at stake and in cases where animal welfare is adversely 
affected, find out whether the "costs" in animal welfare will outweigh any reasonably expected human benefits. 
Inventions fighting against animal diseases and developing healthier animals would probably be patentable 
even if there is no clear human benefit. On the other hand, transgenic animals with enhanced productivity are a 
benefit, but some of them are subject to so many health disorders or discomforts that they may not be 
patentable.  
Though the directive's measures are mere guidelines still open to interpretation by patent offices, it illustrates a 
very new legal trend. Traditionally, patent law has been considered as merely technical: novelty, non-
obviousness and industrial applications were the only criteria determining patentability, public order and 
morality being very rarely applied as an exclusion. The directive illustrates a new trend where ethical matters - 
although subjective - and especially welfare matters may partly determine the protection of new animal 
inventions. It is likely that such a trend foreshadows a broader legal evolution, where animal welfare puts 
increasing legal constraints on breeding and selection. 
 
B. Animal welfare may become a legal constraint for the future of breeding 
Dealing with welfare in patent law only is not entirely satisfactory. Unpatented methods and animals may still 
develop freely, outside welfare considerations. Besides, patent law's primary objective is to stimulate the 
development of biotechnological inventions, so that in cases where negative effects are not clearly established 
(for ex. in vitro production of bovine embryos which could lead to problems with offspring), patent law will 
rarely use the so-called "precautionary principle" and wait for clearer justifications. And lastly, patent law 
considers welfare at quite a late stage in the development of inventions, while it would be more logical to think 
about it earlier. Welfare issues should primarily be dealt with elsewhere, in the current legal framework of 
breeding licenses.  
This is not really the case today. Most rules on animal welfare apply to experimentation or farming practices 
(bad treatment, etc.) and do not put special constraints on breeding work. When a breeding program is 
approved by national authorities, there is generally no legal obligation to consider its welfare implications. In 
most European countries, the development of new transgenic animals will be assessed for its ecological and 
human health effects, for its zootechnical aspects and the genetic input it provides, but rarely for its 
consequences on welfare, this aspect being a matter of "moral conscience" for the breeders.  
But for three combined reasons, it is anticipated that welfare will soon become a legal imperative in this area 
too. Firstly, welfare has become a key concept in law, which is more and more legally binding and more and 
more widely interpreted, beginning to extend to issues like adaptation to the environment, normal behaviour, 
not breaching the identity of species, and even to breeding and selection goals. A recent case brought before 
the European Court of Justice thus questioned the ethics of breeding Belgian-blue cows, which generally need 
caesarians to deliver. Secondly, even if welfare problems are not limited to biotechnology - which sometimes 
may indeed help to preserve farm animal welfare -, biotechnology has amplified the need for a global reflection 
on what is or is not desirable in the breeding sector. Thirdly, because the techniques are new and often lack 
public support, biotechnology has a propensity to push towards new and generally strict regulations, calling for 
an assessment of risks and opportunities.  
With biotechnological developments, recommendations and regulations of animal breeding have multiplied over 
recent years. Many national administrations or committees are thinking about the direction breeding programs 
should take in terms of desirability, according considerable importance to welfare considerations (cf. French 
CNAG and English Farm Animal Welfare Council). For example, some reports suggest that broiler breeding 
companies now put emphasis on reduced leg problems and that turkey breeders are producing a less 
aggressive strain of turkeys which do not require beak trimming. The Danish Ethical Council also made a 
statement on the breeding of animals that are prone to birth difficulties, stating that performing caesarian 
sections is not a welfare problem in itself but it is unacceptable to continue breeding animals that are expected 
to need this procedure.  
Legal rules have also been set up by the Council of Europe, which tend to take welfare into account when 
setting up a new breeding program. In particular, a measure has been systematically introduced in each 
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amendment of the European Convention for the protection of animals kept for farming purposes, and now 
appears in some Community law texts. It says that  "no animal shall be kept for farming purposes unless it can 
be reasonably expected, on the basis of its genotype or phenotype, that it can be kept without detrimental 
effects on its health and welfare". A transgenic swine whose genetic modification provokes arthritis or a 
featherless hen intended for rearing in cold conditions, cannot be "kept", which means a fortiori that they are 
not to be developed.  
In national laws, some dispositions are even more explicit. For example, the German Tierschutzgesetz enables 
the authorities to take into account suffering caused to surrogate mother animals in IVF or embryo transfer 
techniques. In Denmark, the law on animal protection offers the Ministry of Justice the possibility to prohibit the 
application of biotechnology for production of animals in the agricultural sector, particularly for welfare reasons. 
The Netherlands recently passed a law imposing a mandatory license for each project on genetically modified 
farm animals. Under that text, no animal may be modified unless the Minister of agriculture grants a license on 
the basis of health and welfare.  
 
C. No general ban for welfare reasons but a case-by-case assessment 
Even if stricter or looser regulations may emerge at first in different countries, nothing suggests in the present 
evolutions that new farm animals or breeding techniques, taken as a whole, will be banned by the law. Rather, 
they will probably be subjected to a "yes, but" approach, which implies that new selection techniques are not 
per se unacceptable but that their use should be regulated and each project assessed. A case-by-case 
assessment of each breeding project may be performed under the current licensing procedures, in the early 
stages of the program rather than once the new farm animal line has been established. Every breeding project 
would then be subjected to a cost-benefit analysis, as exemplified in current patent law. Indeed, current 
welfare regulation itself is generally driven by such a cost-benefit analysis. Pain, suffering and distress must be 
avoided, but when they are "necessary" and "unavoidable", they may be accepted as long as they are kept to a 
minimum. In order for a breeding project to be acceptable, each breach of welfare would then have to be 
justified and proportionate. 
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Introduction 
 
Modern genetics has had an incalculable impact on domestic animal breeding. We now possess powerful tools 
with which we can change animals and make farm animal production more efficient. However, some of the 
genetic alterations made in pursuit of breeding goals have had unintended negative side-effects on animal 
welfare and integrity. The fact that we are now aware of some of the potentially harmful consequences of 
genetic manipulation, and the fact that we are able to control these, places an ethical responsibility on us. 
 
Despite their growing awareness of this responsibility, people today take quite different views about what is 
acceptable in farm animal breeding. The use of biotechnology within farm animal breeding and reproduction, 
e.g., gives rise to a range of ethical concerns and worries in many quarters (Rutgers et al., 1996; Sandøe et al., 
1999). Others point to positive applications and an obligation not to dismiss these options (Thompson, 1993; 
Smidt, 1994; Seidel, 1998). It is therefore important to discuss what breeding goals and reproductive tools are 
acceptable. A good starting point for an ethical discussion regarding breeding and the use of biotechnology, 
then, would be an attempt to set out and understand what it is that people are concerned about. There are a 
number of different, complementary, ways of gaining such an understanding. One way, which is pursued in 
another part of the present project, is by means of surveys or interviews. In this paper the task is approached 
using a different method: we try to assess specialist opinion by reviewing recent papers and reports within 
agricultural bioethics. 
 
The review is based on an automated literature search, covering material published since 1992, and in it the 
focus is on understanding rather than criticism. We think it is important, before engaging in a more critical form 
of discussion, to try to present the various viewpoints in a clear, unbiased manner, which allows one to see how 
the views contrast with each other. We begin by explaining briefly what we understand by the term 
“biotechnology” in relation to breeding. Then we present the various concerns, including some animal welfare 
problems which have been mentioned in the reviewed literature, consider cultural differences, and describe 
different ways of weighing the concerns against each other. Finally we discuss different ways of handling the 
concerns in practice. 
 
Breeding and biotechnology 
 
‘Biotechnologies’ can be defined as technologies intended to change the biological functioning of animals, plants 
or micro-organisms. Within animal production the aim may be to change: 1. What the animals take in - by 
giving them genetically modified feed and feed additives. 2. Existing animals - by giving them hormones and 
similar substances promoting growth, feed conversion, milk production and the like. 3. Future animals - using 
reproductive technologies and genetic modifications. The latter may not only improve the efficiency of selective 
breeding, it may also present options that would otherwise not be possible. In the following, the focus is on the 
use of reproductive technologies and genetic modification to change future animals. 
 
The oldest and least technical method of producing desirable characteristics in future generations of animals is 
selective breeding. This has developed rapidly during this century by means of modern genetics. Equally, some 
biotechnologies can be seen as means of making selective breeding more efficient. Thus, freezing of semen, 
artificial insemination (AI), embryo transfer, cloning of embryos, trans-vaginal oocyte recovery followed by in 
vitro embryo production, and other reproductive technologies can be used to ensure, that animals with good 
genetic potential produces more offspring than they would otherwise have had and furthermore, with a reduced 
generation interval. In this way the process of selective breeding is accelerated. Sex selection is another 
biotechnology, which could prove useful in improving breeding efficiency. A new and more radical biotechnology 
introduces into the fertilised egg, or the early embryo of a host, genes from the same or another species and 
thus creates so-called transgenic animals. So far no transgenic animals have been put into use in ordinary farm 
animal production, but gene technology is interesting in ways other than as a means of creating transgenic 
animals and may become an effective and commonly used tool in animal breeding. (This will be just one 
possible outcome of current efforts to map the genome of the most important species used in animal 
production.) 
 
The increase in power, and the potential increase of speed and efficiency that modern breeding and 
biotechnology presents, force us both to recognise our moral responsibility and to discuss the limits of 
acceptability (Schroten, 1992; Habgood, 1993). In such discussion ethics provides a way of ensuring systematic 
and rational reflection on the moral issues involved within a framework of values and principles guiding 
behaviour (Schroten, 1992; Brom & Schroten, 1993). Our efforts to breed for higher production efficiency and 
our use of biotechnology raise concerns regarding both animal welfare and animal integrity. These concerns can 
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usefully be explored further: the ethical significance of breeding goals and biotechnologies can thus be 
evaluated according to their potential to damage animal welfare and violate animal integrity (Mepham, 1993b; 
Mepham, 1995). In addition to the concerns regarding animals, concerns relating to humans or biological and 
environmental issues may be considered. 
 
Ethical concerns relating to animals 
 
Ethical concerns associated with the animals themselves can, then, be divided into two categories – these 
relating to animal health and welfare on the one hand, and the integrity of the animal on the other. It should be 
borne in mind that these categories interrelate (Vorstenbosch, 1993).  

Animal welfare 

Although it is presently a focus of scientific research, the concept of animal welfare is hard to define, especially 
when one wants to extend it beyond just animal health. What is meant by welfare and how is it to be 
measured? Usually animal welfare is taken to include both physical health and behaviour and is evaluated with 
regard both to the animal itself and how it copes with its environment (Sandøe et al., 1996). Potentially, 
several types of animal welfare problems associated with breeding for high production efficiency and the use of 
biotechnology can arise. These problems can be related to a variety of factors, such as the genetic expression 
(e.g. rapid growth or high milk production), the breeding technique itself (e.g. a certain form of biotechnology), 
or mutations in transgenic animals. 
 
Ethical concerns relating to animal health are often linked to a subsequent reduction in animal welfare. E.g., 
increased milk production is likely to cause a higher incidence of mastitis in cows (Boer et al., 1995), which will 
in turn cause a reduction in animal welfare. Several authors think that the use of biotechnology is likely to 
cause animal suffering (Rollin, 1994; Boer et al., 1995; Hahn, 1996; King, 1996; Rollin, 1997; Schroten, 1997). 
One reason for this is the potential of the technologies to make farm animal production even more efficient, and 
thus put higher pressure on the animals than is seen today, worsening conditions already considered 
unacceptable. To date, if pain, suffering or disease has not interfered with production efficiency, the condition 
has often been ignored, as happens with production-related diseases (Rollin, 1996). This priority of productivity 
over animal welfare is an ethical problem in farm animal production as such, and is not specific to the use of 
biotechnologies (Irrgang, 1992; Roenningen, 1995; Idel, 1998). Thus, discussion of the use of biotechnologies 
becomes part of a wider discussion concerning the ethics of farm animal breeding. However, the use of 
biotechnology towards the same goals of high efficiency as are set in conventional breeding is considered by 
some much more powerful and dangerous as biotechnology will increase the speed and efficiency of selection 
(King, 1996; Rauw et al., 1998). Furthermore, selection and genetic manipulation is likely to affect more than 
one trait (Rauw et al., 1998), and thus, additional animal welfare problems may arise as an indirect 
consequence. However, biotechnology may also be used to redress welfare problems created through selective 
breeding (Irrgang, 1992). 
 
One of the first cases exposing welfare problems associated with the use of biotechnology is the case of the 
"Beltsville pigs". The "Beltsville pigs" contained human growth hormone genes to accelerate growth, but 
suffered from health problems such as lameness, ulcers, cardiac diseases and reproductive problems (King, 
1996; Rollin, 1997). However, animal welfare has been impaired by conventional selective breeding as well. 
There are several reports of animal welfare problems relating to breeding for high production efficiency and the 
use of biotechnological breeding techniques. It is reasonable to assume that ongoing selection for high 
production efficiency is likely to cause ever more welfare problems, regardless of the reproduction method 
used. In the following two sub-sections we give some examples of these welfare problems. Some are connected 
with breeding goals, some with the techniques involved in the reproduction. 

Animal welfare problems related to breeding goals 

Today the broiler chicken grows to a weight of approx. 2 kg in around 40 days. This is half the time it took 30 
years ago and the age of a broiler chicken at slaughter weight is still reduced by one day per year. The muscles 
and gut grow fast but the skeleton and cardiovascular system do not follow, resulting in leg problems and heart 
failure (Broom, 1998; D'Silva, 1998; Rauw et al., 1998). Turkeys have been bred for large muscular 
development and male turkeys are now too heavy to mount the females, so they need artificial insemination to 
reproduce. The turkeys suffer from severe leg problems, as their bone structure cannot support the heavy 
weight (D'Silva, 1998; Rauw et al., 1998). Both broilers and turkeys have been found to have a reduced 
immune response, making them more susceptible to disease (Rauw et al., 1998). Pigs, having been selected for 
high growth rate and lean tissue have leg problems (D'Silva, 1998; Rauw et al., 1998). They are also more 
likely to become stressed or die during activity than their ancestors due to a different muscle composition and 
size of heart (Broom, 1998). The dairy cow now produces 10 times as much milk as her calf would suckle from 
her - if it were allowed (D'Silva, 1998). Breeding for this level of milk production increases the risk of mastitis. 
Furthermore this breeding goal results in digestive disorders, foot rot, skin and skeletal disorders, udder edema 
and teat injuries (D'Silva, 1998; Rauw et al., 1998). In beef cattle, the breeding of double-muscled cattle is 
leading to birth difficulties (Broom, 1998). 

Animal welfare problems related to biotechnology 

The very carrying out of some reproductive techniques, such as superovulation, insemination and embryo 
transfer, can cause stress and pose a risk to animal welfare. E.g. in smaller animals, such as sheep and pigs, 
embryo transfer requires surgery (Seamark, 1993; Broom, 1998; D'Silva, 1998). Furthermore, techniques 
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where the embryo is manipulated in vitro may create offspring that are too large for normal birth. Thus, 
research exists showing that the offspring of sheep and cattle developing from in vitro produced embryos cause 
longer gestation, display increased birth weight, a higher incidence of birth difficulties (and therefore Caesarean 
sections), and increased frequency of genetic anomalies (Mepham, 1994; van Reenen & Blokhuis, 1997; 
Broom, 1998). This diminishes the welfare of both the mother and her young. In contrast with this it should be 
noted that positive effects on animal welfare can result from biotechnology. The use, e.g., of artificial 
insemination and embryo transfer, means that breeding animals need to be transported less often. 
  
In addition to the problems of oversized offspring, which are found in relation to the in vitro manipulation of the 
embryo, cloning and transgenesis may cause harm to the animals. Many cloned calves have difficulties 
surviving. They are behaviourally retarded and may also have joint problems (Mepham, 1995; Rollin, 1997; 
D'Silva, 1998). Transgenic calves have also been found to be behaviourally retarded (Mepham, 1995; Rollin, 
1997). Attempts to create transgenic sheep with increased growth have resulted in unhealthy animals (Rollin, 
1996); and equally, an attempt to produce transgenic cattle with double-muscling resulted in a calf, which 
within one month was unable to stand up on its own (Rollin, 1996).  
 
The conduct of research on transgenesis is itself beset with welfare problems. E.g., current techniques used to 
produce transgenic animals are very inefficient. Less than 1% of the embryos result in live transgenic animals 
and several of these animals will develop serious abnormalities and thus must be expected to suffer before 
being killed (Mepham, 1995; King, 1996). However, as these techniques improve, the production of transgenic 
animals may become more efficient. Finally, there is a risk of unrelated, harmful mutations. When creating 
transgenic animals foreign DNA is inserted into the host's DNA. The foreign DNA may, however, be integrated in 
the genome in a way, which causes mutations. Such unpredictable responses from totally unrelated genes have 
been reported in mice showing lethal or deforming mutations (Mepham, 1994; King, 1996; Rollin, 1996; van 
Reenen & Blokhuis, 1997). 
 
A possible application of biotechnology is the introduction of genes that code for disease resistance. This may 
reduce suffering and improve animal health and welfare (Mepham, 1995). However, the targets of research on 
disease resistance are often production-related diseases like mastitis (King, 1996; Idel, 1998), which might 
encourage higher production and thereby recreate the same problems just at a higher production level. One 
concern is that genes associated with resistance to disease may have unforeseen consequences which override 
the expected improvement (Mepham, 1994). Some additional concerns are a potential reduction in the 
susceptibility to metabolic or environmental stress (in which case an even higher metabolic pressure may be 
put on the animals) (Mepham, 1995), or the creation of new, questionable production practices (Thompson, 
1997). Furthermore, our current understanding of physiology is inadequate – e.g. the relation between growth 
hormone genes and diabetes, kidney diseases and bone malformations is unclear (Mepham, 1994) – and this 
makes it hard to foresee what the consequences for animal welfare would be of the selected traits. Some ask us 
to consider whether animals are not already at their biological limit before we proceed with transgenesis for 
increased production (Broom, 1998). Finally, there is a fear that genetic engineering poses a risk to welfare by 
introducing changes in phenotype or animal experience which make it harder to detect welfare problems. 
Standard methods for the evaluation of welfare continue to be applied, but these may well be ineffective if 
transgenic animals have altered sensory or physiological responses (Mepham, 1995; Thompson, 1997; Broom, 
1998).  

Animal integrity 

Animal integrity is as hard to define as the concept of animal welfare. Some describe integrity as a naturally 
evolved, unharmed wholeness of either an individual, a species or an ecosystem. In respect of this integrity, or 
the intrinsic value of animals, they therefore conclude that human beings should leave animal genomes intact 
(Vorstenbosch, 1993; Thompson, 1997). Others argue that respecting an animal’s integrity does not necessarily 
mean that it is wrong to use animals as such, but it does imply that they may not be reduced to mere 
instruments for human interests (Brom & Schroten, 1993). Thus, some people feel that the integrity of the 
animals is not respected when biotechnology is applied (Brom & Schroten, 1993; Sandøe & Holtug, 1993; 
Schroten, 1997). According to some integrity is specifically violated by using invasive procedures to increase 
reproduction – e.g., through embryo transfer in sheep and goats, and transvaginal oocyte puncture in cows. 
Besides posing a risk to animal welfare, several authors find that this use of non-therapeutic surgery also 
requires a special ethical justification (Seamark, 1993; Boer et al., 1995; MAFF, 1995; The Veterinary Record, 
1995; Rutgers et al., 1996). The integrity can be considered violated even by non-invasive biotechnologies – 
e.g. a change in the composition of the milk in a transgenic cow – although this technique will not necessarily 
pose any risk to the welfare of the animal (Seamark, 1993). Finally, the potential to change the animals so that 
they are better suited for intensive farming instead of solving the problems with e.g. housing conditions, and 
the fact that some animals can no longer reproduce unassisted may be considered violations of animal integrity. 
 
The perception of animals as things, or instruments for human interests, is according to some reflected in the 
option of patenting (Schroten, 1997; Habgood, 1993). However, the treatment of animals as things already 
takes place in intensive farming and is therefore not particularly associated with biotechnology, although the 
use of biotechnology may be seen as another step in the process (Sandøe & Holtug, 1993; Schroten, 1997). 
Also, the externalisation of the whole reproduction process as such may be seen as an interference with animal 
integrity (Boer et al., 1995).  
 
Other ethical concerns 
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Besides the concerns regarding animals, biotechnology raises additional ethical concerns relating to humans 
and to biological and environmental issues; and some people are concerned with the use of biotechnology itself. 

Concerns relating to humans 

One of the major concerns relating to humans is the "slippery slope" argument, i.e. the fear that what can be 
done with animals will also be done with humans (Schroten, 1997). Thus, the "slippery slope" argument is 
concerned not only with a potential technological development, but also a potential change in attitudes 
regarding what is considered acceptable. In fact, many of the techniques were developed for, and used on, 
humans first before being applied in farm animal breeding. A technique like cloning from somatic cells, which is 
developed for use in animals, is not at present generally considered morally acceptable for use on human 
beings (Boer et al., 1995), nor is it yet technically possible. And as some argue, if at some stage it does 
become possible to clone humans, it still does not follow that we have to do so (Sandøe & Holtug, 1993). 
 
Another concern is that of human health and welfare. An example would be the potential risk to human beings 
when eating meat from genetically engineered animals (Brom & Schroten, 1993; Alestroem, 1995; Rollin, 
1996). Others argue that biotechnology may bring better or healthier food, e.g. meat with less fat or more 
easily digested milk. Finally, some argue that there may be a potential risk for humans, either directly through 
the intake of antibiotic residues in e.g. the meat, or through development of antibiotic resistant pathogens due 
to medication used to mask animal welfare problems (Mepham, 1994).  
 
The ability to produce better, cheaper food more efficiently is often mentioned as an argument in favour of 
modern breeding and its reliance on biotechnology. Here lies a potential for lower food prices and increased 
food production in developing countries. Means to achieve this are, however, already available, and it is 
questioned whether the use of biotechnology would make any moral difference (Thompson, 1997). It is obvious 
that developing countries could benefit greatly from the use of some biotechnologies, and therefore it is argued 
that these countries could more easily justify using the techniques than the developed countries, which already 
have a surplus food production (Sahai, 1997). But this presupposes that the technologies become available for 
these countries' own food production. Increased production in the developed countries is considered unlikely to 
benefit developing countries (Hahn, 1996). Finally, one last concern stated is a potential military application, 
e.g. using animals to carry human pathogens (Rollin, 1996). 

Concerns relating to biological and environmental issues 

Several authors express serious concern about the risk of loosing genetic diversity through biotechnology (Brom 
& Schroten, 1993; Sandøe & Holtug, 1993; Mepham, 1994; Boer et al., 1995; Rollin, 1996; Rollin, 1997; Idel, 
1998). Although this would allow a standardisation of e.g. dairy products (Boer et al., 1995), the loss of genetic 
diversity makes the animals more vulnerable to diseases and other challenges (Mepham, 1994; Boer et al., 
1995; Rollin, 1996; Rollin, 1997). In a group-housing situation it may also be more difficult for the animals to 
form groups if the variation between individuals is too small (Boer et al., 1995). The loss of individuality may be 
a concern in itself (Boer et al., 1995), but as is seen in identical twins, the repetition of a genotype still allows 
individuals to develop as a consequence of environmental influences (Milani-Comparetti, 1997). However, some 
see a potential increase in genetic diversity, as genes are more often added to a species than removed. This 
gives rise to another concern, however, since distinctions between species may become less distinct, or blurred 
(Sandøe & Holtug, 1993). The loss of genetic diversity may be considered irreversible (Boer et al., 1995), 
although the potential exists to preserve genetic material (Sandøe & Holtug, 1993; Mepham, 1994; MAFF, 
1995), which could prove useful in the preservation of endangered species. Some also argue that an extensive 
gene pool may still be available from hobby breeders (Rollin, 1997). 
 
If transgenic animals should escape or be released in the wild the consequences are unknown, and there is a 
concern that such a change would upset the ecological balance (Kohler et al., 1992; Brom & Schroten, 1993; 
Sandøe & Holtug, 1993; Hahn, 1996; Rollin, 1996; Rollin, 1997). There is a potential for these animals to 
replace existing animals in nature, e.g. if they manage better in that habitat or pass on infections to other 
species. Such infections may develop due to an introduced disease resistance or unpredictable pathogens 
(Sandøe & Holtug, 1993; Rollin, 1996; Rollin, 1997). Precautions against escape and genetic disadvantages of 
the transgenic animals are considered to make this scenario unlikely (Sandøe & Holtug, 1993; Alestroem, 
1995), although aquaculture animals, e.g., have been known to escape into natural aquatic ecosystems (Kohler 
et al., 1992). 
 
One advantage of using biotechnology and thus making farm animal production more efficient is the potential 
to produce the same amount of food using fewer animals. This could reduce problems of pollution. If it did it 
would be of great benefit to the environment (Mepham, 1994). 

Concerns with biotechnology in itself 

The use of biotechnology may in itself cause concern. This may be due to "fear of the unknown", ignorance or 
misunderstandings (Hahn, 1996). It may also be because the techniques are considered "unnatural" (Brom & 
Schroten, 1993; Schroten, 1997), or inherently wrong (Rollin, 1994; Rollin, 1997), or a violation of the animals' 
integrity (Mepham, 1994; Boer et al., 1995; Rollin, 1996). These concerns, however, are not restricted to 
biotechnologies. They must be viewed in the context of our ways of handling animals and nature in general. 
Thus, some find it hard to see why biotechnology is dismissed on the basis that it is unnatural if it is acceptable 
to e.g. dam rivers and build cities (Rollin, 1996). Furthermore, some point out that all conventional breeding 
can be dismissed as a violation of species integrity (Sandøe & Holtug, 1993; Rollin, 1996). Although the effect 
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on the animals' integrity may thus be considered an "either-or"–issue, and something which may therefore be 
used against selective breeding as such, it can also be questioned whether one can draw a non-arbitrary line. 
One suggestion is to draw the line at the technical changing of the DNA, as happens in the creation of 
transgenic animals, as some consider the transfer of genes between species to be ethically relevant (Boer et 
al., 1995; Idel, 1998). 
 
To sum up, there seem to be two central issues regarding animals in ethical discussions concerning breeding 
and the use of biotechnology. These are animal welfare and animal integrity. Although animal welfare research 
may give some insight into how animals are affected by our treatment, such studies will provide primarily 
indirect answers, which do not in any simple way tell how badly animals are affected. The concern for an 
animal's integrity goes beyond that of concern for health and welfare (Rutgers et al., 1996). One of the 
observed differences between welfare and integrity is that welfare can be affected by natural circumstances. In 
contrast, human action is required to affect integrity, and thus integrity demands human respect. Another 
difference is that the consequences of affecting an animal's welfare can be dealt with in empirical terms, 
whereas the question of integrity is more of a philosophical issue.  
 
Cultural differences 
 
The findings of this literature review were expected to reveal some information on cultural differences across 
Europe over what ethical aspects of breeding and biotechnology are being raised and handled in different 
countries. However, the majority of the literature was from Northern Europe and the United States, and 
virtually no references from Southern Europe were found. Our search profile was pretty general and is unlikely 
to have caused this difference. However, papers of Southern European authors which have been published only 
in national journals in the original language may not have been covered by the data bases. A recently held 
conference on agricultural ethics attracted participants from those same countries as the literature was 
representing, although it was advertised in Southern European countries as well. We have been informed that 
in Southern Europe the focus of bioethics is primarily on issues concerning humans, e.g. biomedical ethics. It is 
not clear which social, cultural and religious factors may explain these differences (Zechendorf, 1998). 
 
Weighing concerns against each other 
 
As a starting point for a dialogue about the acceptability of a particular breeding goal or biotechnology one may 
consider the implications for all the parties involved – i.e. for the animals, the humans and the environment. 
Next, those implications – potential risks and benefits – must be weighed against each other. In moral decision 
making one seeks a balance between intuitions, principles and relevant facts, notwithstanding the fact that our 
intuitions may change with new information (Boer et al., 1995). To enable the detection and identification of 
the issues, and the weighing of the concerns, different models have been developed.  
 
The general view in our society is that it is acceptable to use animals in e.g. farming and research if this is done 
humanely. This view is reflected in principles of humane use of animals, such as animal protection laws, which 
state e.g. that no harm must be done unless necessary, that the harm must be outweighed by benefits, and 
that some types of harm should be prohibited (MAFF, 1995). This attitude towards the use of animals is based 
on two of the most important groups of ethical theories, utilitarianism and deontology (Mepham, 1993a; Boer 
et al., 1995; Fisher, 1997).  

Utilitarianism 

In utilitarianism an action is judged to be right or wrong according to its consequences. The consequences are 
estimated in a cost-benefit analysis, and what is right depends on what among the available lines of action will 
produce the greatest net benefit  (Mepham, 1993b; Boer et al., 1995; Fisher, 1997; Thompson, 1997). Thus, 
one will always seek to maximise the benefit for all parties involved. In practice this usually means an 
evaluation of the implications for humans and animals. This way of arguing may easily justify using 
biotechnology in biomedical research, where the potential risks for animal welfare will be outweighed by the 
benefits of, e.g., life-saving treatments for human beings. In contrast, farm animal production for better and 
cheaper food is unlikely to improve human welfare to the same extent, and so on utilitarian grounds any 
technology that increases the risk of animal suffering will be unacceptable (Irrgang, 1992; Thompson, 1997). 
However a problem with this ethical theory arises when we seek to define what is considered beneficial and 
harmful, and to qualify, quantify and balance the good and bad against each other.  

Deontology 

A group of views object to the utilitarian claim that a decision of what is morally right or wrong should be made 
solely in terms of the consequences (Mepham, 1993b; Boer et al., 1995; Fisher, 1997). Thus some will claim 
that we in our moral decisions rather should focus on what we do to the animals than on what happen as a 
consequence of what we do. E.g., in the case of biotechnology used to make breeding more efficient, 
utilitarians may accept the use of the technology, including negative side-effects on animal welfare, if the 
overall consequences of the breeding programme are better than the alternatives, and if the use of 
biotechnology is necessary to make the programme competitive. Deontologists will on the other hand say that 
we cannot justify the use of the technology if it is bad to the animals – i.e. the end cannot justify the means. 
Another related consideration is that the use of evil means to a good goal may have an adverse effect on the 
character of the person who uses these means (Thompson, 1997).  
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A specific version of the deontological views is the so-called animal rights view according to which each animal 
should be protected against being used as a means to promote the general good – comparable to how 
individual persons in our culture are protected. For example, we do not accept that people are used in 
biomedical research against their will, even when the research may have very beneficial consequences. Radical 
versions of the animal rights view will ban all use of animals for food production. But there may also be more 
moderate versions of the view which claim that there are certain minimum requirements for the care and 
protection of the individual animal which should always be complied with. 
 
Both ethical theories can reasonably be regarded as inadequate to deal with issues like specific breeding goals 
and biotechnology. Other ethical theoretical frameworks have been suggested – e.g. the "ethics of 
intervention", which recognises the fact that simply by pursuing our own existence, humankind must intervene 
in nature, including in animal lives, but insists that we must still regard ourselves as part of nature (Donnelley, 
1993). 
 
Some have argued that there is a need for a decision model that recognises several ethical principles. One such 
"pluralist" model, which was originally developed in medical ethics, has been modified and applied to animal 
ethics issues such as those arising in connection with the use of biotechnology. The model is based on four 
principles (Mepham, 1993a; Mepham, 1993b; Boer et al., 1995; Mepham, 1995; Rutgers et al., 1996; Fisher, 
1997):  
 
"Beneficence":  one should care for and promote animal health and welfare, and beneficial outcomes like 
pharmaceuticals and disease resistance. 
 
"Non-maleficence": one should refrain from doing harm to animals, humans and the environment, e.g. not 
jeopardise animal welfare. 
 
"Autonomy": one should ensure that freedom is not diminished, e.g. freedom of behavioural expression. 
 
"Justice": one should treat animals of comparable species equally and ensure a fair distribution of good and evil 
between humans and animals. The animals' integrity should be respected. Real benefit should be achieved.  
 
Other principles may be added (Brom & Schroten, 1993; Boer et al., 1995): 
 
"The principle of irreversibility": always act in such a way that the consequences of your actions may be 
redressed.  
 
"The controllability principle": the far-reaching consequences of biotechnology require the availability of public 
debate and effective democratic control.  
 
Besides animals, these principles must be applied to the different interest groups, e.g. producers, consumers 
and society (Mepham, 1995). Not all of these principles are necessarily given any weight in the final decision, 
but considering them may be part of the evaluation process. The application of these principles in a given case 
is a three-step process, which involves (Brom & Schroten, 1993):  
 
1: Collecting any facts which are morally relevant to the project.  
2: Assessing the consequences of the project to each of the involved groups.  
3: Weighing the harms and the advantages of the project, using the information that becomes available in step 
1 and 2. 
  
If it is possible, the risks involved must be assessed before attempting to make any changes to the animals. 
However, the overall interpretation and the priority we attach to implications will still be determined by our own 
ethical view – e.g., what we understand as the meaning of integrity and animal welfare, what we consider good 
reasons, and how we weigh the interests of the animals against those of human beings and the environment 
(Schroten, 1992; Boer et al., 1995; Fisher, 1997; Sandøe & Holtug, 1998). 
 
Handling ethical concerns in practice 
 
In recent years public awareness of the moral status of animals has increased. This is reflected in e.g. 
legislation relating to the protection of animals. In Holland legislation has developed in three phases, each 
recognising a new dimension of moral status in animals. First an anti-cruelty law was introduced (recognising 
that cruelty to animals is morally wrong); next an animal-protection law (recognising that animal experiments 
have to be justified); and then a law ensuring that conflicting interests are weighed (recognising that animals 
have intrinsic value and are not purely instrumental to man) (Brom & Schroten, 1993). On a European level 
animals kept for farming purposes are e.g. protected against natural or artificial breeding which is likely to 
cause suffering. Furthermore, they may not be kept for farming purposes, if they can not be kept without 
detrimental effect on health and welfare (Council Directive 98/58/EC, 1998). 
 
The concept of "no, unless"-policies has been suggested as a way of expressing whether or not e.g. a particular 
biotechnology is acceptable for a certain purpose. The idea of the "no, unless"-policy is, that the 
biotechnological activity is to be prohibited unless the relevant values are not violated or the aim is so 
important that a violation of these values is overruled. The "no, unless"-policy thus balances good against bad, 
while still taking into account the principles of doing good and avoiding harm. Furthermore, the burden of proof 
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is on the side of the person who wants to engage in biotechnological activities, and thus forces the scientists 
and policy-makers to back their moral judgements with an argued case. Alternatively one can adopt a "yes, 
but"-policy, taking into account the fact that this shifts the burden of proof to those who wish to limit the use of 
biotechnology.  
 
On either approach, a final decision could be taken by an assessment committee of experts (Brom & Schroten, 
1993; MAFF, 1993; Boer et al., 1995; MAFF, 1995). Such expert committees might have an advisory and/or 
licensing function. Their tasks might be to look at the benefits – e.g. progress in breeding, health, performance 
and food quality – and to consider the ethical concerns and consequences on such factors as animal welfare, 
the economy, and the environment. Also, the objectives and proportionality of the means and ends could be 
examined, as well as the possibility of alternatives (Hahn, 1996; Schroten, 1997; van Vugt & Nap, 1997). It is 
unclear whether such a committee would be better placed on a national or international level. In a European 
survey one third of those questioned believed that international organisations, such as the United Nations, are 
best placed to regulate biotechnology (Eurobarometer, 1997), even though the working procedures of such 
organisations are often too slow to keep up with the new technical developments.  
 
Some authors have claimed that, in order to comply with some of the concerns associated with biotechnology, 
it is important to ensure that research is performed in accordance with animal welfare legislation and subject to 
the same control as other animal experimentation (Donnelley, 1993; Smidt, 1994; MAFF, 1995; Hahn, 1996; 
Seidel, 1998). In addition, some encourage assessment of the breeding goals rather than the methods by which 
these goals are obtained (Irrgang, 1992). Policy makers are expected to have a range of strategies available to 
control the use of biotechnology (Mepham, 1995). Certain applications are felt by some to be best prohibited – 
e.g. use on humans or as biological weapons (Hahn, 1996). Extensive application of some of the technologies is 
considered inadvisable at present due to lack of safety, and part of the funds therefore could be used to 
estimate potential adverse effects (Hahn, 1996). Ethical assessment is by some considered necessary on a case 
by case basis, both in the research phase and when it comes to general application (Irrgang, 1992; Schroten, 
1992; Smidt, 1994; MAFF, 1995). In such an assessment attention is drawn to the importance of considering 
not only the ethical acceptability of future applications but also the likelihood that good or bad effects will 
happen (Sandøe, 1997). Furthermore, it has been suggested that forums, or platforms, should be created to 
stimulate the dialogue between science, industry and the public (Schroten, 1997). Several point to a strong and 
obvious need for open ethical evaluation if these technologies are to be accepted by the public (Mepham, 
1993a; Alestroem, 1995; MAFF, 1995; Rollin, 1997; van Vugt & Nap, 1997; Seidel, 1998). Finally, some 
recommend that food products from genetically modified animals should be labelled to allow consumers to 
make an informed choice (MAFF, 1993). 
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Conclusions 
 
In discussions of breeding goals and biotechnology, one of the primary concerns is that of animal welfare. 
However, many of the problems arising in relation to animal welfare arise also with conventional selective 
breeding. Regardless of the method of breeding, questions arise about whether the purpose of the breeding 
goal is necessary, and whether that goal can justify certain risks (e.g. of reduced animal welfare). For medical 
research, such risks are more easily accepted, since here the expected benefit may be vital to humans. 
However, in farm animal production - especially in our part of the world - it may be more difficult to accept 
risks if those risks are being taken in order to produce cheaper food.  
 
There seems to be general agreement that the use of biotechnology should be controlled, although it is unclear 
what type of organisation, and at what level, is best suited to carry out such a control. It is, however, important 
to realise that current legislation already offers some protection of animal welfare, regardless of the method of 
breeding. Alternatively, efforts could be made to improve, enforce and control the existing legislation to protect 
animals from potential threats to their welfare. However, even if the risks of reduced animal welfare were 
eliminated, other concerns and risks would still be present and call for open public evaluation. 
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Dairy cattle (SEFABAR 2002) 

Step 1a. Define “sustainable” for your species  

1. Basic layer of definition: universal definition  
“Sustainability in farm animal breeding and reproduction means the extent to which animal breeding and 
reproduction, as managed by professional organisations, contribute to maintenance and good care of animal 
genetic resources for present and future generations.” 

 
2. Second layer of definition: the focal criteria in breeding 

• Production efficiency 
• Environment 
• Product quality 
• Animal welfare 

 
3. Third layer of definition: species specific indicators 

a) Main traits per each focal criteria Desired genetic change  Priority 2            

Production efficiency 

Milk Carrier production Maintain no 

Milk Protein Production +40 kg3 1 

Milk Fat Production +20 kg 4 

Environment 

Productive life +170 days 1 

Product quality 

Somatic cell count Down 2 

Carcass quality Maintain  

Processing quality Maintain  

Animal welfare 

Mastitis incidence -5% per lactation 2 

Feed and legs Unchanged 4 

Calving ease Maintain  

Fertility (Calving interval) -7 days 3 

                                                           
2 The priority is expressed by the size of the desired change also 
3 Desired change in 20 years from now expressed in kg per cow per year 
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b) Restrictions in breeding and reproduction methods 

• The rate of inbreeding should be kept at 1% per generation. 
• No use of transgenics in any of the strategies 
• Young sires are screened for known genetic defects with DNA test: carriers of genetic defects are not 

used for breeding of commercial cows. 
• Artificial insemination used for sires, female reproductive techniques (MOET) used on nucleus animals4 

Step 1b. Make your definition of sustainable transparent 

List of included and excluded concerns in the previous definition 
Concern Included/ 

excluded 
If included: how                                                        If 
excluded: why 

Productivity (milk) Incl kg protein, kg fat 
Productivity (meat) Excl Importance of variation in meat production from dairy 

cows and calves is small.  
Production/cost efficiency Incl. kg protein, kg fat, productive life 
Competitiveness/profitability Incl. same as above 
Food/product quality Excl Milk product quality is reflected by protein content 

(included through productivity). Milk processing quality 
(casein content): not included due to lack of good criteria. 
Absence of mastitis (as reflected by somatic cell counts in 
the milk) can be viewed  as quality: this trait is included 
under welfare concern 

Consumer/food safety Excl No genetic variation in BSE susceptibility is known at 
present: trait is therefore not included in breeding 
scenario. 

Animal health Incl Mastitis index based on measurement of somatic cell 
count in the milk, udder conformation traits 
Reproduction: index based on artificial insemination 
results (non-return rate and interval calving first 
insemination) 

Animal welfare Incl. Feed and legs: index based on feet and leg scores. 
Calving ease: based on recording of calving performance 
(both direct and indirect effect) 
Mastitis: see above 

Animal integrity Incl Capability of animals to calve without aid and to express 
normal behaviour. 

Wise use of (local) resources Excl Feed intake capacity provided that animals are fed 
roughages and grass: variation in feed intake capacity is 
reflected by variation in milk output. 

Environmental protection Incl. Intensive production areas: Milk production per cow: 
by increasing milk output per cow, the amount of feed 
needed for maintenance (expressed per 100 kg of milk 
produced) is reduced (same production with fewer cows). 
In some extensive areas, the maintenance of milk 
production per cow helps to maintain the number of cows 
and is thus favourable to up keeping of landscape. An 
efficient breeding program for a large number of locally 
adapted breeds is a mean to maintain dairy production in 
different areas. 

Biodiversity/genetic diversity Incl Restriction on rate of inbreeding (1% per generation) 
implemented by genetic contribution selection. 

Other (specify): Incl Calving difficulties: tools are available for genetic 
evaluation and selection of sires that are recommend for 
use on heifers 

 Excl Polledness: having polled cows would eliminate the need 
for dehorning of calves/cows. This is a single gene trait 
but the allele for polledness is only present in a few cattle 
breeds and not in the major dairy cattle breeds. 

 
Key concerns in your definition: 
 Concern Indicator in breeding programme (=trait/restriction) 
1. Durability Productive life (length of interval from first calving to last 

                                                           
4 With nucleus animals we refer to the elite animals that are selected for the generation of the next generation 

of bulls. Reproductive technologies are not used on the commercial cows. 
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milking) 

2. Health Udder health: log2 scaled somatic cell count of the milk and 
type traits (udder depth, fore udder attachment, teat length) 
and milking speed. 
Leg quality: scored as a type trait 

3. Fertility Fertility: consists of non-return rate at 56 days and interval 
calving-first insemination 

4. Production efficiency Protein production 
Fat production 

5. Animal welfare Calving ease 
Udder health 

Step 2. Define two extreme breeding scenarios for year 2020 

Starting point Bulls owned by breeding organisations are selected based on performance of sibs and/or 
progeny. The performance of cows in the population is measured through regular milk 
recording (implemented for management purposes) and type classification. This 
information is used in national as well as international genetic evaluation. Dairy cattle 
breeding is an international activity: semen of superior sires is exchanged between 
countries. 

Predetermined 
elements 
between 2000 
and 2020 

Environmental legislation will still be in place in order to limit to amount of manure 
applied per hectare to that what will be used by the plants (to avoid leaking of nutrient 
into the ground and surface waters) 

Main driving 
forces between 
2000 and 2020 

Consumer behaviour 
Production efficiency 
Production system 

 
Scenario 1 ( = One possible alternative future for breeding industry in 2020) 
Description of 
breeding 
industry 
situation in 2020 

The dairy market will consist of two segments. A small number of large-scale farms for 
bulk production and a large number of niche markets and niche products. 
Extensive farming will be the most practised form of dairy cattle farming. Cattle are 
mainly kept outside. It is favourable for the welfare of the animals and people want to see 
cattle outdoors, because of their role in the landscape. From a strictly environmental point 
of view it might be better to keep cows indoors. 
The ‘niche’ farms will blend into the landscape; there is more room for nature 
conservation. Farms tend to differentiate their production to be more balanced. They have 
more additional activities, such as home-sale and owning camping sites. 

Reasons for the 
situation 

Consumers are willing to pay for products with an added non-market value and prefer this 
type of product instead of low cost/low price products. 
Cattle have to become more balanced; health and production have to be at least equally 
important. 

 
Scenario 2 ( = Another possible alternative future for breeding industry in 2020) 
Description of 
breeding 
industry 
situation in 2020 

Large-scale dairy producers dominate the dairy market. Organic products and niche 
products will have disappeared since consumers don't want to pay the price 
The large scale dairy farms are used and these are located in areas where there is room 
for large-scale farming 
Zero grazing will be the most practised form of dairy cattle farming. Cattle are rarely seen 
outside, it is more efficient to keep them indoors and they are less exposed to diseases 
that can be transmitted by other animals. 

Reasons for the 
situation 

Consumers are not willing to pay more for extra-value products and rather have low 
cost/low price products than extra-values products. Cattle have to produce as much as 
possible. A basic level of health is needed to keep production costs as low as possible. 
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Step 3. Define breeding programmes for both scenarios 

 Scenario 1 Scenario 2 
Breeding goals  'A robust cow, which will fit in semi-

organic farming systems. They have to 
have a good health, especially a good 
udder health and strong legs, and have to 
maintain their milk production level for a 
long time' 

Extreme breeding scenario: all emphasis 
on non-production traits (E2) 

Realistic breeding scenario: maximum 
change in non-production traits provided 
no change in production traits (R2) 

'A high productive and fertile cow, with a 
sufficient health level to maintain her 
production level. The cow has to be able to 
produce at her maximum level as long as 
possible.' 

Extreme scenario: all emphasis on production 
traits (E1) 

Realistic breeding scenario: maximum change 
in production traits provided no change in 
non-production traits (R1) 

Breeding 
methods  

Progeny testing of sires in commercial 
herds 

Use of reproductive techniques on elite 
cows 

Use of artificial insemination  

Recording of traits through milk recording 
and type classification 

Same as under scenario 1 

Option to include sexed semen in 
combination with use of beef bulls to increase 
beef production from cows not used to breed 
replacement heifers. 

Conflicts within 
concerns / 
criteria of Step 
1 

Production efficiency too low under 
extreme scenario (E2) 

Predicted rates of change are given in 
table below 

Undesired increase in health problems under 
extreme breeding scenario (E1) 

Predicted rates of change are given in table 
below 

Evaluation of the different alternatives on relative economic weights, using the measuring stick of 
sustainable dairy cattle breeding5 

Trait Measuring 
stick 

E1 E2 R1 R2 

kg carrier 0 kg 1858 kg 180 kg 1341 kg 892 kg 
kg fat 19 kg 85 kg -33 kg 24 kg 0 kg 
kg protein 43 kg 71 kg - 6 kg 40 kg 22 kg 
legs no decrease 0.9 points 1.5 points 1.9 points 1.8 points 
productive life 170 days -45 days 260 days 212 days 245 days 
chance of mastitis - 5 % 1.8 % - 7 % -5 % - 6 % 
interval calving - 1st 
insemination 

- 5 days 4.8 days - 3.2 days 0 days - 1.4 days 

non-return % at 56 
days 

0.7 % -0.7 % 0.4 % 0 % 0.20 % 

Step 4. Assessment of the scenarios 

 Scenario 1 (R1) Scenario 2 (R2) 
Main conflicting 
concerns and 
their potential 
solutions within 
the scenario  

Desired change in fertility traits not 
obtained. This reflects that the relative 
weight given to fertility is too low. This 
conflict can be resolved by increasing 
relative weight put on fertility 

Increase in productivity (protein) lower 
than target. Improving recording 
schemes for other traits might help to 
improve the overall response (including 
protein). 

Desired change in fertility traits not obtained. 
This reflects that the relative weight given to 
fertility is too low. This conflict can be 
resolved by increasing relative weight put on 
fertility 

                                                           
5 Bold responses are sustainable according to the measuring stick, bold and italic responses are nearly 

sustainable 
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Main weak points 
and uncertainties 
of scenario 
Main weak points 
and uncertainties 
of scenario 
(contd) 

Scenario aims at robust animals, i.e. 
animal defined as ability to produce in a 
wide range of environments. Criteria to 
select on this trait are lacking. 

Uncertainty: Is (inter)national market 
share large enough to implement a cost 
effective breeding scheme. 

  

No attention paid to beef production (do 
male calves and surplus heifer calves fit 
on beef production farms) 

Increased human labour in the 
production system. This may be 
conflicting with the tendency for a better 
"quality life of farmers". Will there be 
enough labour in 2020. 

Uncertainty: Is (inter)national market share 
large enough to implement a cost effective 
breeding scheme 

No attention paid to beef production (do 
male calves and surplus heifer calves fit on 
beef production farms) 

Main challenges 
for breeding 
according to the 
scenario 

Challenge is to increase productivity 
(protein). 

Challenge is to develop better methods 
for selection on health traits. This can be 
achieved by implementation of health 
monitoring system on farms and genetic 
evaluation of results. 

Challenge is to develop better methods for 
selection on health traits. This can be 
achieved by implementation of health 
monitoring system on farms and genetic 
evaluation of results. 

Most important 
likely changes to 
breeding 
practices caused 
by scenario 

Including additional traits (compared to 
traits including in table): e.g. calving 
ease. 

Including additional traits (compared to traits 
including in table): e.g. calving ease. 

In this scenario, increased use of robot 
milking machine will fit with more milk/less 
labour/lower cost. In this scenario we can 
also imagine that it will lead to large scale 
dairy farms specialized in standard low cost 
milk production and that young heifers are 
raised in different farms (or different part of 
the country). 
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Dairy cattle (SEFABAR 2003) 
 
(Selection from: Nagel, M. 2003 Evaluation of scenarios for sustainable dairy cattle breeding in the 
Netherlands) 
 

BUILDING SUSTAINABLE DAIRY CATTLE BREEDING SCENARIOS 

 

Before starting to built scenarios for sustainable dairy cattle breeding, other possible scenarios were explored to 

get an idea of the general directions that are foreseen for the future. Then, breeding scenarios were set up, 

following the method of Gamborg and Sandøe (2002). 

 

POSSIBLE SCENARIOS FOR THE FUTURE 

 

In several reports, a number of scenarios for the future of animal production are mentioned.  

Neeteson et al. (1999) mention three possible pathways for the future. The first pathway is the conventional 

pathway, which can be seen as a development towards a production system like the ones we have nowadays. It 

is based on improved efficiency of production, with an emphasis on both production and non-productive traits 

like health, disease resistance and longevity. The second pathway is the alternative path, where production 

levels are moderate and the emphasis is on health and welfare. Within this alternative path, three production 

systems are possible; animal welfare, niche markets and organic products. 

The third pathway is the low cost path. The aim is to produce safe food at the lowest production costs possible. 

Technologies are frequently used and new technologies would be explored. Economic interest is the pushing 

drive behind these production systems. 

 

Brigstocke (2001) has three likely scenarios for livestock production systems in the UK, which are quite similar 

to those mentioned by Neeteson et al. (1999). The first scenario considers high output systems, which are 

based on technically efficient and intensive systems for both ruminants and monogastrics. Pollution is efficiently 

controlled and animal welfare has a high status. The second scenario is based on low input, moderate output 

systems for extensive ruminant production, using regional and local breeds. The last scenario concentrates on 

niche markets like free range, organic or rare breeds.  

 

Within the SEFABAR network, two possible scenarios have come up so far (Liinamo, 2002): a "Techno" market 

and an "Eco" market. The "Techno" market is characterised by high production efficiency, the use of 

technologies (except for cloning and transgenics), highly intensive systems with some eco-constraints (EU 

regulations on pollution, animal welfare etc.) The "Eco" market is a differentiated one, with lower production 

efficiency, but higher value output, a limited use of technologies (AI and Marker Assisted Selection), high 

animal welfare and lower use of some inputs (feed supplements, medications etc.) 

 
KEY-TERMS 

 

SUSTAINABILITY  

 

A lot has been written on sustainability in the context of livestock production and many different definitions and 

views on sustainable livestock production exist. To be able to come up with sustainable breeding scenarios, it is 

important to know what is meant by sustainable. Here, a review will be given on a number of definitions that 

have been introduced by different authors through the years. Then, the definition of sustainability used in the 

SEFABAR project and the definition of sustainable dairy cattle breeding are discussed. The traits that are 

important for sustainable dairy cattle breeding in general and the traits used in this research are given, as well 

as the desired direction of change and the magnitude of the desired change in the criteria used in this research. 

 
Definition of sustainability within SEFABAR and this research 
According to the SEFABAR network, sustainable animal breeding and reproduction consists of three layers. The 

first two layers are the same for all species, to make sure that the final results are compatible and consistent: 

 

1. Sustainability in animal breeding and reproduction means the extent to which animal breeding and 

reproduction, as managed by professional organisations, contribute to maintenance and good care of 

natural animal genetic resources for future generations. 

 

2. The four focal criteria included in this definition of sustainability for all European farm animal species are: 

- Efficiency of farm animal production 

- Environment 

- Quality of animal products 

- Welfare of farm animals 
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ANIMAL WELFARE 

Animal welfare is a very important issue, addressed by many members of society, farmers, breeders and 

scientists. However, what animal welfare exactly is, is hard to define. Dealing with animal welfare causes 

problems in two areas:  

1) How do we define and measure animal welfare and when do we know when animal welfare is adequate?  

2) How do we deal with animal welfare concerns in the context of other issues (economics, international 

trade, environmental concerns, food safety etc.)? (McGlone, 2001).  

 

In this chapter, the first question is discussed. Later in this report, the aspect of animal welfare will be 

discussed in the context of other issues, such as the environment and economics. 

 

First, the definition and the measuring of animal welfare will be discussed. Then, existing welfare problems 

associated with the environment and management of the cow, associated with the selection for high production 

and associated with reproductive- or bio-technology will be reviewed. Finally, the existing EU and Dutch 

legislation on animal welfare will be discussed, to show what is already done for animal welfare by legislation. 

 
How to define and measure animal welfare? 
Animal welfare has been defined in many different ways, but usually elements of physical health and behaviour 

are included. A frequently cited definition is given by Broom (1986): "the welfare of an animal is its state as 

regards its attempts to cope with its environment". This implies that when an animal is unable to cope with its 

environment, its welfare is compromised. The welfare status of an animal depends on the animals perception of 

stressors, the frequency of perceived stressful events and the animals ability to cope with them (Bakken et al. 

2002). To take care of animal welfare, the so-called five freedoms can be used as a guideline to start (Farm 

Animal Welfare Council of the UK, 1997): 

 

1) freedom from hunger and thirst 

2) freedom from discomfort 

3) freedom from pain, injury and disease 

4) freedom to express normal behaviour, and 

5) freedom from fear and distress 

 

Boettcher (2000) states that living up to most of these freedoms is not as impossible as it might seem, the key 

to reaching them could be the identification of stress sources and practising stockmanship to prevent animals 

from being exposed to stressful situations that impair their welfare. 

 

Since it is hard to define animal welfare it is also not easy to measure animal welfare. There are no 

straightforward parameters that are specific for animal welfare, that tell us exactly what the welfare status of 

the animal is. Nevertheless, animal welfare can be evaluated with regard to both the animal itself and how it 

copes with its environment, in order to be as complete as possible (Christiansen and Sandøe, 2000). Many 

aspects have been mentioned through the years to define and measure welfare: physiology, behaviour, 

psychology, pain experiences, health and immunity, stress hormone levels, brain development, perception of 

the world, cognitive experiences, mental state, anatomical problems (bone strength, foot lesions, wounds, 

etc.), but which one is the best or have we not found the best parameter yet? To assess animal welfare as well 

as possible, it is argued that a multidisciplinary approach is needed. By using a multidisciplinary approach, if 

readers wish to put more weight on one or more measures, they can do so. In a realistic multidisciplinary 

assessment of animal welfare, the following measures should be included (McGlone, 2001): 

 

• Level of productivity (direct animal productivity, human labour requirement, cost of production) 

• Behaviour (maintenance behaviours, abnormal behaviours, other appropriate behaviours such as 

reproduction, maternal-neonatal interactions etc) 

• Physiology (endocrine measures of stress, blood pressure, heart rate, respiratory rate) 

• Health and immunity (overall incidence of disease, level of immune protection) 

• Anatomy (bone strength, rate of injury, wounding, especially of skin) 

 

There are: 
- Welfare problems related to the environment and management  
- Welfare problems related to selection for high production 
-  Welfare problems related to (bio)technologies 
 

SOCIETAL ISSUES 

Society can be described as the community we live in, and the moral standards that are settled in this 

community. Moral standards often lead to what we call ethical concerns. Ethics can be defined as the 'theory of 

moral understandings and behaviours' and should be considered as a reflection of moral standards. This means 

that ethical concerns and thus societal concerns are not the same across for example countries, or groups of 

people, simply because morals differ across countries and people. For example in the Netherlands bullfights are 
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considered as unnecessary animal suffering, with a total disrespect for the life of the animal. In Spain however, 

bullfights are traditional and are a part of the cultural heritage. The bulls are considered to get a respectful 

death when they go down fighting, which is a totally different opinion from the Dutch people. This example 

illustrates that ethics is not a fixed concept, but is very dynamic. Having said this, there are some general 

characteristics of ethical thinking. Ethical thinking can be considered as long-term, holistic and inclusive 

thinking (Lubbers, 1999). Long-term, because the effects of potential actions in the present on the near future 

are considered. Holistic, because all relevant aspects are being taken into account. Inclusive, because the 

opinions of all relevant stakeholders should be taken into account. Interests of both powerful and small 

stakeholders are important and should be considered when making decisions for the future. Society often raises 

ethical questions, and can be seen as the guardian of moral standards. This makes society a key player in 

building scenarios for sustainable breeding, for acceptability (by society) is one of the main criteria of 

sustainable animal breeding and reproduction. 

These can be divided into: 

- Ethical aspects of animal breeding 
- Animal integrity 
- Human health and environmental issues 
- Concerns with biotechnology itself 
 

CONSUMERS 

In general, the breeding of farm animals is not exactly an issue that appeals to the regular consumer, because 

it is an activity that is not clearly visible at the very beginning of a production chain (Van Genderen and De 

Vriend, 1999). Trusting on quality is a very important issue for consumers and farmers (Raad voor het Landelijk 

Gebied, 1998). Without trust, farmers would loose their license to produce. It is therefore important to maintain 

the trust of the consumers. In the past, consumers used to stand close to producers, which was a very good 

base for trust. In the present, consumers and producers are very distant and consumer trust is increasingly 

depending on the factor, which establishes trust and care: the quality of the product. Quality is what binds 

farmers and consumers: 

 

Consumers � TRUST  Quality  Care (food safety, animal welfare, the environment)  Producers  

 

Different typologies of consumers illustrate that there is not one general Consumer, but that one should keep in 

mind that there are different consumer groups with different motivations and needs.  

Furthermore, there is issue of consumer trust. consumer trust is a key factor for sustainable animal production. 

The consumer nowadays is very remote from the food production and it is therefore more difficult for him or 

her to imagine what the production circumstances are like and what the composition of the end-products is. 

This is very different from the situation in the old days, when people stood very close to the farmers, maybe 

even bought their products directly from the farmer instead of in the supermarket. The trust in the old days 

was based on this close contact between producer and consumer. Since this sort of trust is not possible 

anymore in the present, the government has the task to create an institutionalised trust by efficient and good 

control of the food chain.  

 
Farmers and consumers 
Te Velde et al. and Hanning et al. (2001) did a study on how farmers and consumers think of animal 

production. It was a qualitative study in which 15 'conventional' farmers and 15 consumers were interviewed. 

Farmers are on the whole positive about animal production and the way they take care of their animals, and 

consumers agree on the whole that farmers are there to feed society, that animals are meant to serve humans, 

that meat is an essential part of the human diet and that people are allowed to keep animals, with the intention 

to slaughter them for meat. However, there are two additional conditions that consumers find very important, 

which are the freedom of movement and the possibility to conduct natural behaviour.  

Consumers are a difficult group to deal with, since there is not one general consumer, and even when certain 

types of consumers can be distinguished, consumers seldom fit into just one typology, but tend to shift 

between the different consumer types. There are, however some general issues, which are related to 

consumers and also to society. Quality is the key factor, since this establishes the trust consumers have in 

animal products and animal production systems. This is important to keep in mind, when creating scenarios for 

sustainable breeding and reproduction. 

 

Results 

 

The main driving forces found for the future of dairy cattle breeding are quality (product quality, food safety), 

society, consumer behaviour, production systems and technologies. These driving forces can lead to two 

different extreme scenarios: 

 

1. 'High output': large-scale, high tech farms, where zero grazing is used, production is maximised, 

production costs are minimised, quality and safety of the product are very important, the newest 

technologies are implemented in the system 
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2. 'Extra value': extensive farming, production is mostly for niche markets, a lot of attention to animal welfare 

and care for the environment.  

 

The breeding goal traits can be divided in production traits (kg carrier, kg fat, kg protein) and non-production 

traits (durability, udder health, fertility). In Scenario 1, the production traits are most important, in Scenario 2, 

the non-production traits are more important. Four breeding goals can be set up, two extreme breeding goals, 

with the emphasis either fully on production traits (A1) or on the non-production traits (A2). An alternative 

could be to find a scenario where production is maximised, while restricting the genetic response in the non-

production to ≥ zero (A3). Negative responses are not allowed. The same can be done the other way around, 

maximal response in non-production traits and no decrease in the production traits (A4). These alternatives 

differ in the relative economic weight that is placed on the traits. The relative weights within the group of non-

production traits were kept constant. 

 

SCENARIO 1 SCENARIO 2 

Consumers are willing to pay for products with an 

added non-market value and prefer this type of 

product instead of low cost/low price products. 

Consumers are not willing to pay more for extra-value 

products and rather have low cost/low price products 

than extra-values products. 

Cattle have to become more balanced, health and 

production have to be at least equally important.  

Cattle have to produce as much as possible. A basic 

level of health is needed to keep production costs as 

low as possible. 

Extensive farming will be the most practised form of 

dairy cattle farming. Cattle are mainly kept outside. It 

is favourable for the environment and people want to 

see cattle outdoors, because it is a characteristic of the 

Dutch landscape. 

Zero grazing will be the most practised form of dairy 

cattle farming. Cattle are rarely seen outside, it is 

more efficient to keep them indoors and they are less 

exposed to diseases that can be transmitted by other 

animals. 

The Dutch dairy market will consist of two segments. A 

small number of large-scale farms for bulk production 

and a large number of niche markets and niche 

products. 

Large-scale dairy producers dominate the Dutch dairy 

market. Organic products and niche products will have 

disappeared since consumers don't want to pay the 

price.  

The 'niche' farms will blend into the landscape; there is 

more room for nature conservation. Farms tend to 

differentiate their production to be more balanced. 

They have more additional activities, such as home-

sale and owning camping sites 

The large scale dairy farms are concentrated in  the 

north of the Netherlands (Friesland, Drenthe and 

Groningen), because this is the only area where there 

is room for large-scale farming 

  

Table 1  Summary of the main assumptions supporting the two directions 

 

 

Discussion & Conclusion 

As can be seen from Table 2, none of the proposed scenarios is fully sustainable, i.e. meets the measuring 

stick. Especially fertility seems to be a trait of interest. Even when all the weight is placed on the non-

production traits, fertility does not reach the target. This can be solved by placing more emphasis on fertility in 

the breeding goal. Production will only fail the measuring stick when all the weight is placed on the non-

production traits. The scenario of zero change in non-production seems to be the scenario that is overall most 

sustainable, except for fertility. Further improvements can be achieved by optimising the relative weights within 

the breeding goal. However, it should not be forgotten that although the genetic response of the scenarios is 

important, it is also important to include the opinions of the stakeholders (e.g. society, consumers, and 

farmers) in the evaluation of the scenarios for sustainability. A sustainable breeding scenario is a breeding 

scenario that is acceptable for all relevant parties.  

 

Trait Measuring 

stick 

A1 A2 A3 A4 

Kg carrier 0 kg 1858 kg 180 kg 892 kg 1341 kg 

Kg fat 19 kg 85 kg -33 kg 0 kg 24 kg 

Kg protein 43 kg 71 kg - 6 kg 22 kg 40 kg 

legs should not 

decrease 

0.9 points 1.5 points 1.8 points 1.9 points 

productive life 170 days -45 days 260 days 245 days 212 days 

chance of 

mastitis 

- 5 % 1.8 % - 7 % - 6 % -5 % 

interval calving - 

1st insemination 

- 5 days 4.8 days - 3.2 days - 1.4 days 0 days 

non-return % at 0.7 % -0.7 % 0.4 % 0.20 % 0 % 



 
 

FABRE Technology Platform - 73 of 110 – SRA Annex II Horizontal Issues  73 

56 days 

 

Table 2 Evaluation of the different alternatives on relative economic weights, using the measuring 

stick of sustainable dairy cattle breeding. (Bold responses are sustainable according to the 

measuring stick, bold and italic responses are nearly sustainable) 
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Beef cattle (SEFABAR 2002) 

Current situation :  

In Europe, beef production is from: 

• Different types of areas: grassland areas, hills and mountains, where forage crop is insufficient for 
dairy production, but also in more fertile plains or valleys instead of dairy production, since the milk 
quota regulation and decreasing of milk yield.  

• Different livestock systems: sub-product of dairy herd, specialized fattening system (feed-lots), 
suckling herds.  

• Different genetic types: dairy breeds (50% of meat production), crossed breed F1 or F2 (especially in 
UK), pure beef breeds (especially in France and Italy) that can be either specialized breeds with 
important muscular development or local hardy breeds. 

Beef production from suckling herds is very important for the upkeep of landscape in some regions 
BSE crisis reduced strongly the beef meat consumption in Europe and the re-development of the global 
consumption is simultaneously with the development of some “identified quality markets”. These markets offer 
products with guarantees about geographic origin, breeds, age and sex of animal, feeding system etc. 

What is meant by “sustainable” for beef cattle ? 

The four focal criteria included in this definition of sustainability for all European farm animal species are: 
efficiency of farm animal production, environment, quality of animal products, and welfare of farm animal. 
In the case of beef cattle production, these criteria can be expressed as following:  

• Efficiency of farm animal production: 
o Improvement of income to each farmer (without subsidies),  
o European production/consumption rate, and 
o Number of farmers and number of cows are indicators of this efficiency. 

• Environment :  
o Use of grass land, upkeep landscape of hills and mountains areas, and  
o Contribute to maintenance and good care of natural animal genetic resources for future 

generations; preservation of the number of breeds and genetic diversity inside each breed. 

• Quality of animal products:  
o Improvement of lean/fat rate (need depends on breed), 
o Improvement % of meat from IGP (Identified geographic origin), 
o Less veterinary treatments, and 
o Traceability of origin,   

• Welfare of farm animals: 
o Improvement of calving ease, 
o Survival rate, 
o Locomotion, and 
o Disease resistance. 

 

Definition of the future production markets for which breeding companies will have to supply inputs 

For beef cattle, we can imagine 2 markets:  
Low price:  
This market targets to product beef meat as competitive as possible with pork and chicken. To obtain these 
products, the breeding programs have to put production efficiency in first line in the breeding goals. For the 
quality of products, the current level is correct. In this market, the genetic type is not important for the 
customer. So, there is a strong competition between the suckling herds, for which meat is the single product 
and the dairy herds, for which meat is a sub-product.  
Quality market: 
This market needs meat of identified quality, and accepts an extra high value. The customer accepts to pay a 
high price, for a meat with identified characteristics (breed, age, feeding system, livestock conditions, meat 
sensorial qualities etc.). In this market, the specialized beef breeds and the rare breeds are favoured. 
These two market scenarios can exist side-by-side; and it can be exist intermediate markets.  
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Breeding and reproduction scenarios 

Scenario 1: Low price 
In the “low price” scenario, we can use suckling herds of beef breeds, with a lot of cows/man and large farms 
(ranching system). 
The most important traits in the breeding goals are: 

• Maternal abilities: 
o Calving ease, 
o Survival, and 
o Fertility,  
o …because there is little human survey time/cow 

• Feed efficiency and ingestion capacity to reduce fattening time and production cost, with grass and 
forage 

• Functional traits:  
o Longevity is important to reduce the production cost,  
o Locomotion is important in livestock system with grazing on large areas, 
o Docility is a useful criteria because of the large number of cows/man, 
o Polled lines are considered interesting for the same reason, and 
o Disease resistance is taken in account to reduce production cost; the type of considered 

diseases is depending of the livestock system. 
Muscularity and meat quality are less important, because this market doesn’t accept different prices for 
different qualities.  
We can also use cows of a maternal breed (dairy or hardy breed), with “maternal abilities” as a breeding goal, 
and bull of a specialized beef breed (ex: double muscling). Criteria for this specialized beef breed are growth, 
muscle score and calving ease (direct effect). 
The using of AI is possible but is not very easy because of the number of cows/man and difficulty of handling. It 
is easier with a dairy breed using terminal crossing.  
MAS using is interesting, but it’s difficult if AI is not used.  
 
This scenario is not the better for locally adapted breeds, including some rare breeds, because it’s not possible 
to give added value to their products. In limited cases, it would be necessary to build a cryo-genetic bank to 
save original genes. This Cryo-bank would be also useful to save genes of extreme genotypes eliminated by the 
breeding program, because their properties are out of the breeding goals.  
 

From the sustainability point of view, the strong characteristics of the scenario 1 are: 
• Up keeping landscape in grassland areas (specially hills and middle mountains); 
• Taking account of animal welfare with some maternal and functional traits (calving ease, docility, 

locomotion…). 
 
Scenario 2: High quality 
In the high quality scenario, we can use:  

• Specialized beef breeds in pure breed and in suckling systems, 
• Hardy breeds in pure breed systems and with terminal crossing, also in suckling systems, and 
• Terminal crossing between dairy cows and bulls of specialized beef breed, with a fattening system in 

feedlots.  
The most important breeding goals are the beef production traits:  

• Growth, 
• Muscularity, and  
• Meat quality 

to maximize the % of high value muscles, because these muscles can be well valorised by the market. For the 
meat quality, the criteria and the breeding goal are depending of the current characteristics of the breed (more 
or less fat etc.). 
Calving ease and survival is taken in account for societal reasons (the customer wishes to know the livestock 
conditions) and for economical reasons (the value of a calf is high). But an important human survey time allows 
reducing the risks of birth accident.  
Disease resistance is also considered to reduce the risk of death of a high value animal, and to reduce 
veterinary treatment, as asked by the consumer. 
Some functional traits (longevity, locomotion, docility…) are taken in account, not for economical priority but 
because the customers want animals to be healthy and happy. So, these traits can be measured to control their 
genetic evolution, but their weight is light in selection indexes, because, often, their improvement is not 
necessary. 
This scenario is a good opportunity for locally adapted breeds, including some rare breeds, with a good 
valorisation of identified products. So, it’s favourable for the genetic diversity. But all breeding programs 
eliminate some genes, when an animal’s traits do not fit the breeding goal. So, the breeding programs have to 
consider genetic variability and cryo-preservation of extreme genotypes would be useful. 
In this scenario, AI, (without heat induction, if it’s not accepted by consumers) can be used: it is a spreading 
tool of improved genotypes, with identified characteristics on meat qualities. So, with AI, the Marker Assisted 
Selection is possible, which is very useful for news traits (meat qualities, disease resistance etc.). 
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Genomics is also used to certify identification and registration of animals, giving thus a strong guarantee to the 
customer.  
For measuring of carcass composition, ultrasonic methods are used in this scenario, in spite of extra labour 
needs, because of the value of carcass and a smaller number of animals/man.  
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Dairy Sheep and Goats (SEFABAR 2002) 

Step 1a. Define “sustainable” for your species  

 

1. Basic layer of definition: universal definition  

(Please mark below if you would like to suggest some modifications for the definition) 
“Sustainability in farm animal breeding and reproduction means the extent to which animal breeding and 
reproduction, as managed by professional organisations, contribute to maintenance and good care of animal 
genetic resources for present and future generations.” 

2. Second layer of definition: the focal criteria in breeding 

(Fixed for all species; please do not change. Note this is not necessarily the priority order!) 

o Production efficiency 

o Environment 

o Product quality 

o Animal welfare 

3. Third layer of definition: species specific indicators 

(State at least one trait per criteria – note that same trait can belong under different criteria - add more lines 
under the criteria if necessary) 

a) Main traits per each focal criteria Desired genetic change (at least: up, 
down, maintain; num. values also ok) 

Priority            

(1 rank/trait) 

Production efficiency 

Milk production +32 2 

Milk protein production +0.7% 1 

Milk fat production maintain no 

Environment 

Productive life +150 days 2 

Lamb survival +7% 1 

Use of rangeland maintain no 

Appropriate use of forest rangeland  controlled 3 

Product quality 

Milk protein production +0.7% 1 

Milk fat production maintain no 

Animal welfare 

Mastitis incidence -5% 1 

Feet and legs maintain no 

Resistance to diseases maintain no 

Pregnancy rates +10% per lactation 3 

  4 
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b) Restrictions in breeding and reproduction methods 

(for example: limit in increase of inbreeding/generation; limit in use of some breeding/reproduction 
technologies; % of production that must come from small/rare breeds etc.) 
The rate of inbreeding should be kept at 1% per generation 

Limited use of hormones for oestrus synchronisation 

No use of growth hormones 

Limited use of laparoscopic techniques 

Increase rare breed populations by 10% 

Step 1b. Make your definition of sustainable transparent 

 

1. List of included and excluded concerns in the previous definition 

(continue list with all issues you have thought at one point to relate to sustainability) 
Concern Included/ 

excluded 
If included: how                                                        If 
excluded: why 

Productivity (milk) Incl. lt milk, kg protein 
Productivity (meat) Incl. kg weaning weight 
Production/cost efficiency Incl. Lt milk, kg protein, kg weaning weight, productive life  

Competitiveness/profitability Incl Lt milk, kg protein, kg weaning weight, productive life 
Food/product quality Incl. Protein and fat content, somatic cells in milk 
Consumer/food safety Incl. Scrapie testing, brucellosis ????, antibiotics and hormones 

in milk 
Animal health Incl. Mastitis test through somatic cell count 
Animal welfare Incl. Feet and legs, udder conformation 

Animal integrity   
Wise use of (local) resources  Increase in milk production per ewe/goat will reduce the 

number of animals needed and will lead to wiser use of 
local resources 

Environmental protection Incl. The same as above 
Biodiversity/genetic diversity  Restriction of the rate of inbreeding (1% per generation). 

Increase of rare breed populations by 10% 
Other (specify):   

   
   
   
   
   

   
   
 

Key concerns in your definition: 

(add more lines if needed to list your key concerns) 
 Concern Indicator in breeding programme (=trait/restriction) 
1. Production efficiency Milk production 

Protein production 
Meat production 

2. Durability Productive life (interval from 1st lambing/kidding to last 
milking 

3. Fertility Pregnancy rates, prolificacy 
4. Animal welfare Lamb and kid survival rates 
5. Health Udder health, somatic cell count, udder depth, and teat 

length 
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Step 2. Define two extreme breeding scenarios for year 2020 

(please insert more rows under headings where necessary) 
(describe shortly what is the breeding situation in your species at the moment) 
No large scale breeding schemes exist with the exception of few breeds (e.x. Lacaune). 
Average milk production remains generally low .Exchange of genetic material between 
countries is limited to small numbers of live animals 

Starting point 

No milk quota exist. Many breeds are in danger.  
(list and describe shortly what elements in your view will be fixed within the next 20 
years’ time; for example environmental legislation, subsidies etc.) 
Subsidies will be severely reduced.  
Consumers will impose their demand for food safety. 
The protection of the environment will become more important. 

Predetermined 
elements 
between 2000 
and 2020 

Number of flocks will be reduced, flock size will increase 
(list and describe shortly what main technical and value based driving forces you can 
foresee that may have an effect on the possible future outcome of your scenarios; for 
example consumer behaviour, legislation, production systems etc.) 
Consumer demand for safe and light (less fat ) animal products. 

Dairies will demand a better cheese/milk ratio 
Use of drugs will be restricted 

Main driving 
forces between 
2000 and 2020 

 

Scenario 1 ( = One possible alternative future for breeding industry in 2020) 

(describe here shortly the structure of breeding industry and its main markets and their 
market shares)  
Production systems for prolific and high milk production breeds will remain intensive and 
number of flocks will increase and dominate the marker. Most of milk production will be 
processed by few big dairies, on a high tech/low cost basis. 

Description of 
breeding industry 
situation in 2020 

Organic farming will be limited, products of known origin will remain in the present state. 
A few farms will use traditional methods to manufacture cheese. 
(describe here what are the main events that have lead into the result) 
Big dairies will be the driving force and their products satisfy the majority of consumers 
demanding safe food at reasonal price. 
Age of farmers will reduce and technology will be used in flocks where production 
efficiency will be the driving force. 

Reasons for the 
situation 

Products of known origin will be important but their prices will be a limited factor for mass 
consumptio. 

Scenario 2 ( = Another possible alternative future for breeding industry in 2020) 

(describe here shortly the structure of breeding industry and its main markets and their 
market shares)  
Organic farming and niche products will dominate the market. 

Description of 
breeding industry 
situation in 2020 

Most of farmers will keep small flocks, manageable by the family, for additional income, 
together with other agricultural activities (crops, agrotourism, etc). A small part of the 
population will remain in the intensive production system 
(describe here what are the main events that have lead into the result) 
Labour will become costly 
Consumers are willing to pay for quality products. 
Consumers want to support environment protection 

Reasons for the 
situation 

Governments will try to reduce immigration rates from the country to the big cities. 
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Step 3. Define breeding programmes for both scenarios 

(= State here clearly your breeding and reproduction policy within both alternative scenarios in relation to the key concerns you expressed in Step 1 for your species; please 
use more lines if necessary. Please indicate also if you can identify a “robust” strategy that might work across both scenarios) 
 
 Scenario 1 Scenario 2 

A ewe and goat with a high production level at an acceptable 
quality level of the product and with a sufficient health level 

A strong ewe and goat adapted to extensive production systems and 
capable to maintain milk production in a larger life span 

Extreme breeding scenario: all emphasis on production traits Extreme scenario: all emphasis on non-production traits 
Realistic breeding scenario: Maximum change in production traits, 
while non-production traits remain unchanged 

Realistic breeding scenario: maximum change in non-production traits 
provided that the production traits will no change 

  
  

Breeding goals (traits, 
emphasis, direction of 
desired change etc.) 

  
Recording off all traits through milk recording Recording off all traits through milk recording 
Progeny testing of rams in nucleus flocks Progeny testing of rams in nucleus flocks 
Use of oestrus synchronisation in commercial flocks Use of oestrus synchronisation and artificial insemination only in 

nucleus flocks 
Use of artificial insemination in commercial flocks  
  

Breeding methods 
(testing/evaluating methods, 
reproduction methods, 
lines/breeds used etc.) 

  
  
  
  
  
  

Conflicts within 
concerns/criteria of Step 1 
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Step 4. Assessment of the scenarios 

(= Give here an overview of potentially conflicting concerns/criteria for each scenario and indication of how dilemmas could 
be solved, main weak points and uncertainties of the scenarios, main challenges for breeding under the scenarios, and most 
important likely changes to breeding practices) 

 Scenario 1 Scenario 2 

Lack of large scale breeding schemes Lack of large scale breeding schemes 
Many dairy breeds in every country with 
large differences in production potential 

Many dairy breeds in every country with large 
differences in production potential 

 Apply breeding according to the scenario for 
each one of the breeds 

  

Main conflicting concerns 
and their potential 
solutions within the 
scenario  

  
Lack of estimates on non-production traits Lack of estimates on non-production traits 
  
  
  

Main weak points and 
uncertainties of scenario 

  
Apply breeding according to the scenario for 
each one of the breeds, or make scenarios 
for every individual breed 

Apply breeding according to the scenario for 
each one of the breeds, or make scenarios for 
every individual breed 

  
  
  

Main challenges for 
breeding according to 
the scenario 

  
Extensive use of frozen ram semen in AI  
Use of reproductive techniques for elite ewes 
and she goats 

 
Most important likely 
changes to breeding 
practices caused by 
scenario   
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The scenarios are developed by the pig working party of SEFABAR 

SSuussttaaiinnaabbllee  PPiigg  BBrreeeeddiinngg  PPrrooggrraammmmeess    
  

Jan W. Merks1, Anne-Marie Neeteson-van Nieuwenhoven2 

 
1IPG, Institute for Pig Genetics BV,  

Postbus 43, 6440 AA Beuningen.  E-mail: Jan_Merks@ipg.nl  
2Farm Animal Industrial Platform, Benedendorpsweg 98, 6862 Wl Oosterbeek. 

 

Introduction 

In the European project “Sustainable European Farm Animal Breeding And Reproduction’ (www.sefabar.org) European organisations have 
studied the possibilities for sustainable pig breeding programmes. In the discussion, also ethical, ethological, social, cultural and economic 
aspects have been involved through the participation of socio-economic experts in the project. 

Conclusion 

(Pig) breeding can contribute significantly to an equilibrium between animal welfare and productivity. The condition is that there 
is a sufficient market for regional products with enhanced prices to compensate for the decreased productivity of these pigs. 

Two Scenarios 2020 

1. Internationally Operating Pig Breeding 2. Mix National and International Pig Breeding 
Breeding Industry Mainly globally operating pig breeding organisations, share 

growing from 25 to 75%. National programmes in countries with 
no pork imports and for regional products. 

Several globally operating pig breeding organisations. Furthermore, 
national and/or regional organisations with specialised breeding 
programmes for niche markets and regional specialties. 
 

Reasons for the 
Situation 

No import/export limitations with regard to welfare and/or food 
safety (WTO). 
Pig production is open world market. 
 
Consumers primarily select on price. 
 

Import/export limitations with regard to animal welfare and/or food 
safety (WTO). 
Governments introduced policy instruments to influence buying 
behaviour of consumers. 
Consumers select on price, specialty and product image. 
Local products from special genotypes and lines. 
 

Differences in 
Breeding Goal 

� over 0.2 pigs/sow/year 
� meat quality, esp. drip loss 
� carcass quality 
Imbreeding max. 2%/generation 
Little emphasis on robustness, piglet vitality and longevity sows 
 
� genetic defects 

� pigs/sow/year 
� meat quality 
� carcass quality and uniformity 
Max. inbreeding % per generation 
Emphasis on robustness, piglet vitality, health and longevity sows 
� leg problems 
Elimination genetic defects 
 

Breeding Methods Breeding value based on production traits. 
 
100 % A.I. 
Nucleus populations and selection under uniform environmental 
and housing conditions. 

Breeding value based on production traits, health and welfare 
related characteristics. 
100% A.I. in breeding, 50-90 % in commercial production. 
Nucleus populations and selection under different environmental 
and housing conditions. 

 

Definition 

Sustainable breeding = the extent to which animal breeding and reproduction, as 
managed by professional organisations, contribute to maintenance and good 
care of animal genetic resources for present and future generations. 

 

Basic Assumptions Scenarios 2020 

Globally a gradually segmentation of pig meat production instead of bulk 
production 
NO application of genetic modification (GM) in the coming decennia 
Consumer buys on price, but also on ‘added value’ aspects, i.e. animal 
welfare, health, specialty etc. 
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Pigs (SEFABAR 2002) 

Step 1a. Define “sustainable” for your species  

1. Basic layer of definition: universal definition  
“Sustainability in farm animal breeding and reproduction means the extent to which animal breeding and 
reproduction, as managed by professional organisations, contribute to maintenance and good care of animal genetic 
resources for present and future generations.” 

 
2. Second layer of definition: the focal criteria in breeding for all species 

• Production efficiency 
• Environment 
• Product quality 
• Animal welfare 

 
3. Third layer of definition: species specific indicators 

a) Main traits per each focal criteria Desired genetic change  Priority      

Production efficiency 

Feed efficiency in terms of energy and 
protein use per kg of pork  

Improved ratio between input and 
output (kg/kg) 

1 

Number of slaughter pigs produced per 
sow per year  

Larger number of pigs per sow per year 2 

Overall survival of pigs from birth to 
slaughter = health 

Increased level of survival without 
veterinarian or management help 

3 

Longevity of productive sows Increased longevity 4 

Efficiency of ‘home’ grown protein and 
energy resources (incl. roughage) 

Improved efficiency  5 

Environment 

Feed efficiency in terms of nitrogen and 
phosphate emission in faeces and urine 

Less emission per kg of saleable pork. 1 

Product quality 

Uniformity in carcass weight and lean 
content of carcass parts. 

More uniformity, less variation in 
carcass traits 

1 

Meat quality, esp. drip loss, intramuscular 
fat (IMF) and meat colour 

Less drip loss, uniform meat colour and 
sufficient high level of IMF for 
characteristic pork taste 

2 

Leanness of carcasses Leanness of carcasses adequate for 
different markets (e.g. difference 
between fresh pork and dried hams) 

3 

Animal welfare 

Robustness under different environmental 
or housing conditions 

Improved robustness, especially 
phenotypic plasticity 

1 

Frequency of halothane/stress gene Elimination 2 

Genetic defects like Atresia Ani, 
Cryptorchism, Splayleg, Hermaphrodism 
and Hernia (rupture) 

Elimination 3 

Level of leg weakness and lameness Reduction of level 4 
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b) Restrictions in breeding and reproduction methods 

• Rate of inbreeding of less than 2% per generation within purebred populations 

• If breeds or lines loose their commercial value, breeding organisations and/or governmental 
organisations should take care of ‘in situ’ conservation trough cryopreserved semen and/or 
embryos 

• Genetic improvement will secure that pigs maintain their specific pig characteristics and don’t 
cut down in their ability to sustain themselves 

• Selection on balanced genetic progress: production, reproduction, health and welfare 

 

Step 1b. Make your definition of sustainable transparent 

List of included and excluded concerns in the previous definition 
Concern Included/ 

excluded 
If included: how                                                        
If excluded: why 

Productivity Incl. Feed efficiency per kg of pork and number of pigs 
per sow and year 

Teat number Incl.  Number of pigs per sow and year and piglet vitality 
Cost price Incl. Feed efficiency per kg of pork and number of pigs 

per sow and year 

Maternal (sow) abilities Incl. Vitality of piglets and longevity of sows 
Competitiveness Excl. Depends on commercial strategy of breeding 

organisation 
Product quality Incl. Leanness, uniformity of carcass composition and 

pork quality. Also product differentiation e.g. fresh 
pork versus dried hams, is included 

Consumer/food safety Excl. Safety is not dependent on genetics or reproduction 
Balanced breeding: production, 
reproduction, health and welfare 

Incl. Selection for a combination of productivity, cost 
price, quality, health and welfare in each line 

Animal health Incl. Vitality of piglets, longevity of sows and level of leg 
weakness 

General disease resistance, 
immunity 

Incl. Vitality of piglets, longevity of sows and level of leg 
weakness 

Genetic (lethal) defects Incl.  Elimination of known genetic defects  
Specific disease resistance Excl. Difficult to select for 
Animal welfare Incl. Frequency of genetic defects (incl. halothane/stress 

gene) and lameness. Robustness under different 
housing systems 

Animal integrity Excl. Castration of male pigs, teeth clipping and tail 
docking are forbidden in most European countries  

Wise use of (local) resources Incl. Improvement of efficiency of ‘home’ grown feed 
Environmental protection Incl. Less emission in manure per kg of saleable pork 
Genetic diversity Incl. Restriction on rate of inbreeding per generation 
Traceability of pork Excl. Not dependent on genetics or reproduction 

Biodiversity Incl. ‘in situ’ conservation of breeds and lines that loose 
commercial value 

Inbreeding Incl. Maximum rate of inbreeding for each population 
Metabolic diseases Excl. No metabolic diseases are known yet in the pig. 
Restrictive use of antibiotics Incl. Vitality of piglets, longevity of sows and level of leg 

weakness 
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Key concerns in your definition: 
 Concern Indicator in breeding programme (=trait/ restriction) 
1. Feed efficiency  Kg of feed per kg of pork (incl. sow and piglet feed) 
2. Survival of piglets without veterinarian or 

management help  
% of piglet survival from birth until weaning 

3. Meat quality Uniformity, drip loss and intramuscular fat 
4. Robustness under different climate and 

housing conditions 
Select under local conditions 

5. Rate of inbreeding Maximum of 2% increase per generation 
6. Leg weakness and lameness % of pigs that reaches slaughter weight without veterinarian 

help and % of sows culled on lameness criteria 

 
7. Welfare of pigs  Vitality of piglets, frequency of (lethal) genetic defects and 

lameness, longevity of sows 
8. Longevity of sows Number of litters per sow during lifetime of sow 
9. Frequency of (lethal) genetic defects Elimination 

 

Step 2. Define two extreme breeding scenarios for year 2020 

Starting point The present commercial pig breeding programs (private and cooperative) select 
in general for increased production and lower cost price along daily gain, 
leanness, litter size and reduction of genetic disorders within purebred lines. 
Within these purebred lines rate of inbreeding is restricted continuously to 
sustain genetic variability. For production purpose crossbred gilts are produced 
(generates heterosis) and sold to commercial producers that produce slaughter 
pigs with these sows, the result of a 3 or 4 breed/line cross. Goal in slaughter 
pigs is high feed efficiency and low level of health problems. Most breeding 
programs work nationally, few are operating internationally on large scale. 

 

Predetermined 
elements 
between 2000 
and 2020 

Pig production within Europe is not and will not be subsidised by EU. Legislation 
will describe minimum requirements for food safety, environmental demands, 
housing systems and the kind of “welfare infringements” that are not allowed. 
WTO will determine whether animal welfare will be used for export/import 
limitations 

Main driving 
forces between 
2000 and 2020 

Gradually segmentation of pork production will be introduced and reduce “bulk 
production”. Cost price on world level will determine basic production cost level 
in Europe. Modern genetic and reproductive technologies that are economically 
profitable will be implemented in pig breeding programmes for food, except 
transgenics. Consumer will not only select on price but also on products added 
value, e.g. image, animal welfare, speciality, quality etc. 

 
Scenario 1: Internationally oriented pig breeding 
Description of 
breeding 
industry 
situation in 
2020 

Most pig breeding organisations are operating worldwide with programs that 
fulfil international market requirements. National programs are limited to 
countries that are not open for import of pork or are dedicated to regional 
production (e.g. DOC’s). Gradually international pig breeding organisations grow 
from 25% to 75% of market share in breeding pigs. 

Reasons for the 
situation 

WTO was not able to bring animal neither welfare nor food safety requirements 
as a reason for import/export restrictions. Pork production is worldwide 
competitive in an open market. Most consumers select primarily on price if 
quality is good and safety guaranteed. 
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Scenario 2: Mix of national and international pig breeding 
Description of 
breeding 
industry 
situation in 
2020 

Several pig breeding organisations are operating worldwide with programs that 
fulfil international and national market requirements Several national programs 
have specialised programs to fulfil market niches and regional specialities. 
Gradually international pig breeding organisations grow from 25% to 50% 
market share in breeding pigs. Importance of national programs remains at 
present levels and increases in some countries. 

Reasons for the 
situation 

WTO was able to bring animal welfare and/or food safety requirements as a 
reason for import/export restrictions. Governments introduced policy 
instruments to influence buying behaviour of consumers. Pork production is 
worldwide competitive but consumers select next to price on speciality and 
image of the product. Importance of local production systems and products is 
increased which generates the need for specific genotypes and genetic lines 

Step 3. Define breeding programmes for both scenarios 

 Scenario 1 Scenario 2 

Breeding goals  Feed efficiency  = improvement 

Pigs per sow and year = improvement 
( >0.2 piglet/litter) 

Leanness of carcasses = improvement 

Vitality of piglets = little emphasis 

Robustness = little emphasis 

Rate of inbreeding = maximum rate 
per generation (2%) 

Leg problems = no increase 

Longevity of sows = little emphasis 

Meat quality = improvement, 
especially for drip loss 

Halothane/stress gene and genetic 
defects = reduction 

Feed efficiency  = improvement 

Pigs per sow and year = improvement 

Leanness of carcasses = improvement and  
more uniformity 

Vitality of piglets = improvement 

Robustness = improvement across range of 
environments 

Rate of inbreeding = maximum 
rate/generation 

Leg problems = improvement, especially in 
speciality programs 

Longevity of sows = improvement 

Meat quality = overall improvement  

Halothane/stress gene and genetic defects = 
elimination 

Breeding methods  Performance testing for production 
traits 

Progeny information from breeding and 
commercial herds 

AI = 100%  

Selection partly based on genetic 
markers, esp. for genetic defects and 
pork quality 

Breeding herds and selection under 
uniform environmental and housing 
conditions 

Possibly genetic modification to 
improve competitiveness 

Performance testing for production, health and 
welfare related traits 

Progeny information from breeding and 
commercial herds 

AI = 100% in breeding, 50-90% in commercial 
production 

Selection partly based on genetic markers, 
esp. for genetic defects and pork quality 

Breeding herds and selection under different 
environmental and housing conditions 

No application of genetic modification 
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Conflicts within 
concerns/criteria of 
Step 1 

Little selection pressure on traits that 
are economically less relevant, like 
longevity of sows and leg problems of 
slaughter pigs 

Welfare infringements like castration, 
teeth clipping and tail docking will be 
applied outside Europe 

SPF herds will be used in countries 
where distance between pig herds is 
large (>2-5km) 

Genetic defects will be eliminated as 
long as cost and benefit are in balance 

Selection will be focussed mainly on 
economically important traits, little 
attention for animal welfare related 
traits 

SPF herds will be used in countries where 
distance between pig herds is large (>2-5km) 

Selection on balanced genetic progress: 
production, reproduction, health and welfare 

Step 4. Assessment of the scenarios 

 Scenario 1 Scenario 2 

Main conflicting 
concerns and their 
potential solutions 
within the scenario  

Balanced breeding will only be possible 
if consumers  buy labelled pork 
products and reward welfare friendly 
breeding and production 

Breeding for ‘bulk’ production at low cost price 
will be concentrated outside Europe 

Genetic improvement of welfare related traits 
is only possible if consumers are willing to pay 
for that. 

Main weak points and 
uncertainties of 
scenario 

Result of WTO with regard to 
import/export restrictions 

Perspectives of genetic markers and 
GMO 

Economic and welfare aspects of genetic 
defects with low frequency 

Balanced breeding must be supported by 
markets for labelled pork products and 
regional production 

Main challenges for 
breeding according to 
the scenario 

Remain competitive in an international 
context 

Remain competitive in an international market 
while finding sufficient economic driven 
demand in national/regional markets  

Balanced breeding 

Reduce disease pressure in general instead of 
applying SPF systems 

General genetic improvement of health and 
welfare 

Most important likely 
changes to breeding 
practices caused by 
scenario 

Further internationalisation of pig 
breeding 

International breeding programs will have 
breeding herds near to production locations 

Next to selection for traits with large economic 
effect on cost price, selection will be guided by 
societal concerns like welfare and health 
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Poultry – layers 

Step 1a. Define “sustainable” for your species 

1. Basic layer of definition: universal definition  
“Sustainability in farm animal breeding and reproduction means the extent to which animal breeding and reproduction, as 
managed by professional organisations, generate competitive rates of genetic progress over a long period of time 
while maintaining good care of animal genetic resources for present and future generations.” 

 
2. Second layer of definition: the focal criteria in breeding 

• Production efficiency 
• Environment 
• Product quality 
• Animal welfare 

 
3. Third layer of definition: species specific indicators 
 
a) Main traits per each focal criteria Desired genetic change  Priority            Scen 

1 – Scen 2 

Production efficiency 

Total Egg Mass per hen housed + 1.5 kg (from 19.9 to 21.4 kg)     2            5 

Optimal egg weight distribution + 10 % in preferred weight range     4            7 

Environment 

Feed Conversion Ratio (incl. rearing) - 0.36 (from 2.45 to 2.09)     1            4 

Due to FCR & optimal feed formulation - 15 % excretion of N and P     3            6 

Product quality 

Shell quality (strength, structure, colour) + 10 % first quality (from 80 to 90 %)     5            8 

Internal quality (pct yolk, dry matter) + 2 % (from 23.5 to 24.5 % dry matter)     6            9 

Animal welfare 

Improved Liveability (rearing & laying) + 3 % (from 92 to 95 %)     7            3 

Reduced losses due to picking 
Improved persistency of feather cover 

2 %  (2/3 of above) 
better appearance to end of lay 

    8            2 
    9            1 

 
 
b) Restrictions in breeding and reproduction methods 

• selection in large base populations will limit rate of inbreeding to about 0.5 % per generation 
• artificial insemination used mainly in pedigree reproduction; limited use at grand parent level 
• sublines with different performance profile for specific markets (e.g. for cage vs. floor systems) 

Step 1b. Make your definition of sustainable transparent 

List of included and excluded concerns in the previous definition 
 

Concern Included/ 
excluded 

If included: how                                                         
If excluded: why 

Productivity Incl. Higher egg output will use resources more efficiently 
Production/cost efficiency Incl. Without cost efficiency, no sustainability 
Competitiveness/profitability Incl. Competitiveness in global food market is essential 
Food/product quality Incl. Shell eggs and egg products: high nutritional value 

Consumer/food safety Incl. Vertical control of egg transmitted disease agents 
Animal health Incl. Consumers demand eggs from healthy chickens 
Animal welfare Incl. Good husbandry standards in any production system 
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Animal integrity Excl. Beak trimming should be accepted until better solutions are 
found to control cannibalism 
Culling of day-old cockerels should be accepted until better 
solutions are found 

Wise use of (local) resources Incl. If emphasis is on ‘wise’ (scientific) rather than ‘local’ 
Environmental protection Incl. Efficient production helps to protect environment 

Biodiversity/genetic diversity Incl. Large commercial populations to minimize loss of useful variation 
due to inbreeding; 
Genetic diversity to keep future developments open  

Experimental lines Incl. Experimental and unselected control lines  

Key concerns in your definition: 

 Concern Indicator in breeding programme  
1. Major Disease Outbreak High investments in biosecurity and strategic placement 
2. Unpredictable national legislation Flexible planning for different possible situations 
3. Limits to genetic progress Shift of emphasis to traits with more variation 

Step 2. Define two extreme breeding scenarios for year 2020 

Starting point Three major primary breeding companies, with headquarters in Europe and subsidiaries in North 
America, supply (grand) parents to the world market 

Each breeding company offers several white-egg and brown-egg varieties; the general breeding 
goal is similar for all products: efficient production of first quality eggs 

Performance profiles of different strain crosses change gradually over a period of several years, in 
response to the selection practised; demand as driving force 

 
Predetermined 
elements between 
2000 and 2020 

It has been decided to eliminate conventional cages for laying hens in the EU by 2012; as a result, 
fewer hens will be kept in the EU, in furnished cages and/or floor systems; egg products will 
increasingly be imported from low cost countries 

Breeding companies will continue to concentrate on the demands of their main customers. The 
growing business outside the EU will get relatively more attention than the EU market, which will 
represent less than 10 % of the world market. 

For the ‘niche’ EU market, breeding programs will focus on the adaptation to floor systems, with 
higher pressure on disease (E. coli) and feather pecking and cannibalism 

Egg quality for fresh shell eggs will become relatively more important, whereas production of eggs 
for further processing will move to low-cost countries with less costly standards for poultry welfare 
and environmental protection.  

Main driving forces 
between 2000 and 
2020 

Consumers will continue to exhibit a discrepancy between their answers in questionnaires and 
actual purchasing decisions: they will say that they prefer “better” products at a higher price, but 
buy eggs mainly on price 

Consumers wish to know where the eggs they buy come from and how they are being produced. 
More generally, they will insist on fresh eggs with clean, intact shells. Labelling with relevant 
information will become standard. 

Internal egg quality is of more concern to the egg breaking/further processing industry than to 
consumers of shell eggs. The industry specifies e.g. min. 24 % dry matter content, which requires 
at least 30 % yolk of the whole egg.  

Legislation in EU countries is likely to focus on the interest of the predominantly urban consumers, 
i.e. minimal if any protection for EU producers and free imports of food products from countries with 
lower production cost. 
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Scenario 1 (continued focus on economic efficiency of egg production) 

Mainstream breeding of egg-type chickens in Europe for the world market will continue to follow 
quantitative genetics principles, with a combination of testing in defined environments, accurate 
breeding value estimation based on the multiple trait animal model, use of DANN marker 
information, high selection intensity and optimal generation interval. 

Description of 
breeding industry 
situation in 2020 

Since some of the main lines are also used in crosses for “alternative” production systems in 
Europe, selection will include criteria which are more important for the non-cage production 
systems, e.g. reduced feather pecking and cannibalism. 

Reasons for the 
situation 

Long-term goals of breeding programs are determined by current assessment of future demand. 
Geneticists in European companies are developing their strategies on the basis of information from 
the EU and world markets 
The short generation interval in chickens enables geneticists to adjust the emphasis on different 
traits in the selection indices gradually, i.e. what seems to be a realistic target for 2020 at this time 
may be modified before 2010. 
The ban on conventional cages which has been decided for 2012 is unlikely to lead to a high volume 
of chickens for free range management, because this requires substantial investments in a very 
risky business. If “enriched cages” are installed instead, this will not require major changes in 
current breeding plans. 

 
Scenario 2 (major breeding programs in North America; residual programs left in Europe to supply the EU with 
stock adapted to floor systems) 
Description of 
breeding industry 
situation in 2020 

Based on historical developments in Switzerland, where cages for laying hens have been banned for 
several years, egg production in the EU from floor systems has a potential of approximately 100 
eggs per capita.  
If all three major breeding companies in Europe could capture an equal share of this market, the 
potential for a special breeding program would be half a million parents per year. With some luck, 
break-even may be possible, but a respectable return on investment is unlikely. 

Reasons for the 
situation 

In most EU countries, there is a growing tendency of egg producers to try different “alternative” 
production systems, often resulting in higher mortality, lower production, higher production cost 
and finally less income than hoped for. Such egg producers are keen to find a new variety which can 
cope better with their production system.  

Since multipliers include all major complaints and demands of customers in their field reports to the 
breeding company, these are likely to offer “solutions” in terms of experimental combinations, 
which may lead to new commercial products. 

Various forms of “alternative” animal production systems are being promoted in Europe by wealthy 
individuals and animal welfare organisations, with legal and financial (e.g. tax exemption) support 
from governments. It is anticipated that this form of “free advertising” will contribute to increased 
demand for these products, although the majority of consumers in the EU will be seeking high 
quality food at affordable price. 
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Step 3. Define breeding programmes for both scenarios 

 Scenario 1 (high technology) Scenario 2 (high value) 
Breeding goals  1. higher total egg mass per hen housed 

2. lower ratio of kg feed : kg eggs (FCR) 

3. improved shell quality; lower pct. 
downgraded eggs 

4. improved internal egg quality (higher dry 
matter yield) 

5. improved total liveability and disease/stress 
resistance 

6. reduced excretion of N and P into soil and 
ground water 

1. defined high quality of shell eggs (mostly non-
genetic) 

2. eggs produced from “happy chickens” (visible 
welfare?) 

3. strain crosses adapted to free range without 
beak trimming 

4. lower incidence of feather pecking and 
cannibalism 

5. improved resistance to respiratory infections 
and E. coli 

6. efficient conversion of feed to saleable eggs per 
hen housed 

Breeding 
methods  

1. evaluation of all economically relevant traits 
in all lines 

2. multiple trait animal model breeding value 
estimation 

3. marker-assisted selection for disease 
resistance and         immune responsiveness 
will be introduced  

4. special male and female lines with superior 
nickability 

5. day-old commercial chicks sexable (colour or 
feathering) 

6. Introgression of favourable genes from 
native chicken populations 

1. evaluation with emphasis on behaviour in larger 
groups 

2. selection index with emphasis on liveability in 
floor systems 

3. improved tolerance to imbalanced feed  

4. strain crosses with physical appeal (persistent 
feather cover) 

5. marker-assisted selection for disease resistance 
and immune responsiveness will be introduced 

6. Introgression of favourable genes from native 
chicken populations 

Conflicts within 
concerns/criteria 
of Step 1 

None 1. suitable source lines which may adapt better to 
floor systems 

2. high demand for education in “alternative” 
management  

3. space and financial support for additional 
breeding programs 

4. genotype x environment interactions may limit 
progress 

Step 4. Assessment of the scenarios 

 Scenario 1 Scenario 2 
Main conflicting 
concerns and their 
potential solutions 
within the scenario  

Freedom from critical diseases is essential at 
the pedigree level and for day-old chicks 
produced for sale, whereas breeding for 
disease resistance still requires exposure to 
virulent disease agents  
Instead of disease exposure in classical 
challenge tests, selection will be based on 
DNA markers 

Adaptation of new strain crosses to non-cage 
systems may turn out to be unsuccessful in terms 
of “saleability” of the product. 
Introduction of new varieties will require extensive 
field testing, including genotype x environment 
interactions with alternative equipment, and 
training of personnel. 

Main weak points 
and uncertainties of 
scenario 

Behaviour and welfare criteria are difficult to 
measure in large scale breeding operations; 
more accurate and repeatable measures for 
these criteria need to be developed 
Too much emphasis on behaviour traits 
would interfere with selection for efficient egg 
production 

Selection program may be stopped due to 
economic pressure before break-even with a new 
strain cross is reached 
Difficulties in defining behaviour and welfare 
criteria and having accurate and repeatable 
measures for these criteria 
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Main challenges for 
breeding according 
to the scenario 

Invest in additional testing and recording of 
new criteria, without intensive selection until 
it becomes necessary to defend competitive 
position 

To develop a distribution and field recording 
system with the potential to assist breeder and 
egg producers with the adaptation to preferred 
production systems 
Intensify collaboration with ethologists/scientists 
to better define behaviour and welfare criteria and 
obtain accurate and repeatable measures for 
these criteria 

Most important 
likely changes to 
breeding practices 
caused by scenario 

Maintenance of more lines or sublines under 
selection to increase the range of commercial 
products 
Increased use of new genetic tools, especially 
DNA markers, in combination with 
quantitative genetics 

Intensified search for measurable criteria of bird 
welfare and direct selection on “relevant” traits 
Intensified dialogue with opinion leaders and 
consumer groups to harmonise breeding practices 
with long-term demands 
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Poultry - meat 

Step 1a. Define “sustainable” for your species 

1. Basic layer of definition: universal definition  
“Sustainability in farm animal breeding and reproduction means the extent to which animal breeding and reproduction, as 
managed by professional organisations, generate competitive rates of genetic progress over a long period of time 
while maintaining good care of animal genetic resources for present and future generations.” 

 
2. Second layer of definition: the focal criteria in breeding 

• Production efficiency 
• Environment 
• Product quality 
• Animal welfare 

 
3. Third layer of definition: species specific indicators 
 

a) Main traits per each focal criteria Desired genetic change  Priority   
Scen 1     Scen 2          

Production efficiency                                                                                                      

Growth rate  (g/day) Improve 7=                  1 

Livability Improve 3                     4 

Environment 

Growth rate  (g/day) Improve 7=                   1 

Feed Conversion Efficiency reduce feed required per unit of gain 6                      3 

Product quality 

% 1st Quality carcasses reduce downgrading % 1                      5 

Fat content maintain current levels 5                      7 

Animal welfare 

Aggressiveness Reduce 4                       6 

Mobility Improve 2                       2 

 
b) Restrictions in breeding and reproduction methods 
Because of high fecundity and short generation interval, poultry breeding has flexibility and can change direction relatively 
quickly if the requirements change, provided the gene(s) for the required characteristic exist. 

Step 1b. Make your definition of sustainable transparent 

List of included and excluded concerns in the previous definition 
Concern Included/ 

excluded 
If included: how                                                        If 
excluded: why 

Productivity Incl. Central to breeding programmes and ongoing methods will 
continue. 

Production/cost efficiency Incl. Relates to competitiveness. Productivity is the major influence. 

Competitiveness/profitability Incl. Will determine which scenario occurs 
Food/product quality Incl. Improvement in 1st quality birds or eggs 
Consumer/food safety Incl. By eliminating egg transmitted diseases 
Animal health Incl. Necessary to improve heritability of characteristics. Production 

systems have a major influence 
Animal welfare Incl. Selection for some aspects of welfare e.g. behaviour will require 
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further development of gene mapping. Ongoing selection for 
mobility. 

Animal integrity Incl. Same aspects as health and welfare 
Wise use of (local) resources Excl. More a problem for plant breeders than animal breeders except 

via selection for productivity 

Environmental protection Incl. Selection for feed conversion efficiency and productivity. 
Biodiversity/genetic diversity Incl. Gene banks must be maintained, not only for rare breeds but 

also for selected lines. The problem is "“who pays "“ 
 
Key concerns in your definition: 
 Concern Indicator in breeding programme (=trait/restriction) 
1. The threat of imports Competitiveness/profitability 

2. The unpredictability of legislation Animal welfare, environmental protection, biodiversity, 
consumer/food safety 

3. The extent to which productivity gains can 
continue e.g. ergonomic problems handling 
very large turkeys even though their health 
and welfare is not compromised 

Productivity 

Step 2. Define two extreme breeding scenarios for year 2020 

Starting point Emphasis on improving growth rate while maintaining meat yields and improving livability. In 
female lines the emphasis is on fecundity. Different types of bird are produced for different markets 
by crossing lines differing relatively in characteristics. 

 
Predetermined 
elements between 
2000 and 2020 

Mutilations will be banned e.g. beak trimming. Food for human consumption will have almost zero 
tolerance for drug and antibiotic content. All production systems will be audited for management 
systems and the environment. 

Main driving forces 
between 2000 and 
2020 

The main technical advance will be the use of avian gene maps to aid selection for difficult 
characteristics. 
The main value based driving force will be the relative economics between the EU and the rest of 
the world allied to or modified by import regulations. 

 
Scenario 1 ( = One possible alternative future for breeding industry in 2020) 
Description of 
breeding industry 
situation in 2020 

European based poultry breeders have moved their operations elsewhere, probably the USA, to the 
extent that EU breeders will only contribute <5% providing for niche market. 
Meat either imported or produced from imported breeding stock. 

Reasons for the 
situation 

Strong currency relative to Asia and S. America. Lack of profitability due to supermarkets’ policies. 
EU legislation on welfare and environment puts EU producers at disadvantage. The banning of some 
genetic techniques 

 
Scenario 2 ( = Another possible alternative future for breeding industry in 2020) 
Description of 
breeding industry 
situation in 2020 

European poultry breeders continue to dominate (50%+) of the world market, supplying parent 
stock and grandparent stock all over the world. 

Reasons for the 
situation 

The breeding industry is reliant on a strong EU commercial industry which has survived by the use 
of high technology, promotion of origin of product and working closely with welfare organisations 
and supermarkets. The breeding companies have used new genetic techniques to stay ahead 

Step 3. Define breeding programmes for both scenarios 

 Scenario 1 Scenario 2 
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Breeding goals  Maintenance of existing characteristics for 
growth and also trait(s) which define the niche 
market. 
Disease resistance  
Reduced tendency for cannibalism. 

Growth rate, livability, feed conversion rate, 
mobility, disease resistance and reduced tendency 
for cannibalism. 
The lines producing the parent hens will also be 
selected for fecundity. 

Breeding 
methods  

Maintenance of existing characteristics will be 
achieved by traditional “hands on“methods. 
Disease resistance and behavioural 
characteristics will be selected for by DNA 
marker assisted selection techniques 

Existing traditional methods will have improved 
efficiency because of increased and improved 
computing power and programmes and also the 
use of DNA marker assisted techniques. 
A “robust” strategy that might work across both 
scenarios is for the large breeding companies to 
cater for all markets including various niche 
markets. To a large extent, this is already 
occurring 

Conflicts within 
concerns/criteria 
of Step 1 

The new genetic techniques required for 
disease resistance and behavioural aspects 
selection may conflict with niche market 
definition. 
It will be difficult for a breeding company to get 
a competitive advantage if the goal is to 
maintain existing characteristics. 

Growth rate increases cannot continue ad infinitum 
because of ergonomic problems handling the birds. 
In addition, the killing of birds at ever younger 
ages to achieve the required weight will have an 
adverse effect on meat yields unless the growth 
curve can be changed to make the birds earlier 
maturing at the same time. 

Step 4. Assessment of the scenarios 

 Scenario 1 Scenario 2 
Main conflicting 
concerns and their 
potential solutions 
within the scenario  

There may be conflict between the use of 
new genetic techniques and the particular 
niche market regulations. 
The solution is political i.e. to gain 
acceptance of the new techniques. 

Growth rate increases cannot continue ad 
infinitum because of ergonomic problems handling 
the birds. In addition, the killing of birds at ever 
younger ages to achieve the required weight will 
have an adverse effect on meat yields unless the 
growth curve can be changed to make the birds 
earlier maturing. 

Main weak points 
and uncertainties of 
scenario 

The breeding programmes for the various 
niche markets will be small and susceptible 
to elimination by disease or economic 
circumstances with the subsequent loss of 
biodiversity. 

The main weak point is whether the EU 
commercial market can compete against imported 
poultry meat. Without it, the EU poultry meat 
breeding market cannot be sustained 

Main challenges for 
breeding according 
to the scenario 

It will be difficult to get a competitive 
advantage if the goal is to maintain existing 
characteristics. 

The utilisation of new genetic techniques to select 
for disease resistance and behavioural aspects. 
In addition to prevent increased fatness if the 
birds are made earlier maturing. 

Most important 
likely changes to 
breeding practices 
caused by scenario 

The breeding practices responsible for most 
of the EU poultry meat consumed will be 
outside its jurisdiction. 

Increased emphasis on characteristics of concern 
to welfare organisations and supermarkets in the 
selection priorities. 

 
From the sustainability point of view, the strong characteristics of the scenario 2 are:  

• High quality of the products,  
• Very fine identification of the products (geographic and genetic origin, feed, housing and breeding conditions), and 
• Finally, a good relationship between animal, breeder and customer. 
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Synthetic comparison 

Breeding goal/criteria Low Price High value / Quality 

Maternal abilities  (1) 
Calving ease 
Fertility 
Survival 

++ (1) 
++ 
+ 
+ 

= 
= 
= 
= 

Beef  abilities (1) 
Growth 
Feed efficiency 
Ingestion capacity 
Muscularity 
Meat quality  

+ (1) 
+ 
++ 
++ 
= 
= 

++ 
++ 
+ 
+ 
++ 
++ 

Functional traits 
Locomotion 
Disease resistance 
Docility 
Functional longevity 
pooled 

 
++ 
+ 
+ 
++ 
Yes 

 
= 
+ 
= 
+ 
no 
 

Methods and tools 

AI 
 

Perhaps difficult without heat 
induction (ranching) 

Yes, possible without heat induction, if 
not accepted by consumers 

MAS and genomic tools Yes, but MAS is difficult without AI Yes, very important for new traits 
(meat quality, fertility, disease 
resistance 

Ultra sonic measures No Yes (carcass and meat quality) 

Biodiversity 

Used breeds  Dairy, hardy and beef  Hardy and beef breeds  
Genetic variability Problem for rare or local breeds Take in account genetic, specially in 

breeding program with AI 
Cryo genetic bank (semen, embryo etc.) Yes, as complementary method. Yes, as a complementary method 

 
(1): in the low price scenario, you can use cows of a maternal breed (dairy or hardy breed), with “maternal abilities” 
breeding goal, and bull of a specialized beef breed (ex: double muscling). Criteria for this specialized beef breed are growth, 
muscle score and calving ease (direct effect) 
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Aquaculture (salmon) 

 Step 1a. Define “sustainable” for your species  

1. Basic layer of definition: universal definition  
“Sustainability in farm animal breeding and reproduction means the extent to which animal breeding and reproduction, as 
managed by professional organisations, contribute to maintenance and good care of natural animal genetic resources for 
future generations.” 

 
2. Second layer of definition: the focal criteria in breeding 

• Production efficiency 
• Environment 
• Product quality 
• Animal welfare 

 
3. Third layer of definition: species specific indicators 
a) Main traits per each focal criteria Desired direction of genetic change Priority             

Production efficiency 

Growth Up 1 

Feed efficiency Up 2 

Environment 

Genetic interaction with wild conspecifics Down 1 

Water pollution Down 2 

Product quality 

Lipid content in the muscle Up or down depending on species and products 3 

Processing yield Up 1 

Flesh pigmentation efficiency (salmonids) Up 3 

Texture Maintain 4 

Residues (drugs, etc) Down 3 

Animal welfare 

Stressability Down 3 

Disease resistance Up 1 

Functional traits (reproductive, breathing 
capacity, swimming capacity, blood circulation 
and heart capacity) 

Maintain 2 

 
b) Restrictions in breeding and reproduction methods 
Limit in increase of inbreeding / generation according to the International recommendations to 0,5 to 1 % per generation 
(FAO) 
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Step 1b. Make your definition of sustainable transparent 

List of included and excluded concerns in the previous definition 

Concern Included/ 
excluded 

If included: how                                                        If 
excluded: why 

Productivity Incl. By domestication and selection on growth (+ 10-15 % 
/generation), on the various processing yields (gutted, filleting, 
etc.) and on survival (disease resistance, lower stressability) 

Production/cost efficiency Incl. By decreasing the cost of production by domestication, selection 
on the traits related to the productivity and the processing 
performance and or sex-gene fixation (monosexing) and/or 
sterilisation (by triploidisation) to limit negative impact of sexual 
maturation on feed efficiency 

Competitiveness/profitability ?  
Food/product quality Incl. By selection on flesh related traits (lipids, texture, pigmentation) 

By preventing sexual maturation by selection on late maturation 
or by sex-gene fixation (monosexing) and/or sterilisation (by 
triploidisation) to limit negative impact of sexual maturation on 
meat quality 

Consumer/food safety Incl. By selection on disease resistance to limit drug concentration in 
the flesh 

Animal health Incl. By developing breeding nucleus free of the main diseases 
affecting the animals 
By selection on growth (domestication) in order to decrease 
stressability 
By selection on disease resistance 

Animal welfare Incl. By selection on growth to decrease stressability 
Animal integrity Incl. By monitoring functional traits and inbreeding and by selection 

on undesirable traits negatively correlated to growth 
improvement (vertebral fusion, etc.) 

Wise use of (local) resources Incl. By the development of farming of local species or lines in order 
to limit the invasion of aliens in ecosystems from other 
geographical areas 

Environmental protection Incl. By farming sterile animals in order to limit genetic interaction 
with wild con-specifics 

By developing breeding nucleus free of the main diseases 
affecting the animals 

By the development of farming of local species or lines in order 
to limit the invasion of aliens in ecosystems from other 
geographical areas 

Biodiversity/genetic diversity  By the cryopreservation of the various steps of the selection 

By the selection of lines for some specific uses (recreational 
fishing, ornamental) or niche markets (organic, certified, AOP or 
IGP, etc) 

 
Key concerns in your definition: 
 Concern Indicator in breeding programme (=trait/restriction) 
1. Limit inbreeding Number of parent and family tested per generation and selection 

pressure allowing a minimum effective number of breeders per 
generation of 100 (Ne) or a coefficient of inbreeding < 0,5 % per 
generation 

2. Decrease of stressability, improve of survival Domestication by the development of rational selective breeding 
programmes based on closed populations, selection on growth and 
disease resistances, prevention of sexual maturation by selection of 
production of the immature sex or sterile animals (triploidy) 

3. Protection of wild population from genetic 
interaction with escapees 

Sterilisation and monosexing of the on-growing stocks 
Development of selective breeding programmes based on local and 
not on alien species 
Indirect selection on behaviour by domestication and selection on 
growth to make animals non capable of living or reproduction in the 
wild 

4. Decrease cost of diseases impacts 
(prophylactic treatments, vaccinations) and 
maintain food safety 

Domestication and selection on growth for disease resistant traits 
positively correlated with growth (furunculosis, vibriosis, AIS) 
Selection on disease resistances negatively correlated (VHS) or non 
correlated traits 

5. Maintain animal integrity Monitoring of functional traits 
Selection of traits negatively correlated with growth (vertebral 
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fusion) or actually unknown traits related to the vital functions 
(breathing, circulating, swimming) 

6. Preserve genetic resources  Development of the sperm cryopreservation 

Step 2. Define two extreme breeding scenarios for year 2020 

Starting point Fish farming is developing very fast and is a very young industry. Based on geographical and 
climatic characteristics some world or European areas appear more adapted to develop fish 
farming. Today few species seem to promise a large development and to be consumed all over 
the world with very big volume of production and large processing potential (salmon, tilapia, 
trout, and cod). Some other, more technically difficult to rear today and with lower growth, 
seem more devoted to the development of Regional or niche markets (bass, bream, turbot, 
halibut). 
Selection programmes based on genealogical data treatment using BLUP are only applied to 
few species in Europe, such as salmon and trout, over the last 30 years. The high costs of such 
programmes explain that only those  achieving a minimum level of production can invest in 
such strategy. Few examples indicate trials of application of this type of selection strategy to 
some other species (turbot and bass). The recent application of BLUP and REML to sets of data 
collected in the last 30 years in salmon indicates that their power is less important than initially 
expected the heritability of growth being lower (h2 = 0,15) than in other livestock production. 
On the contrary, mass selection seems promising (realised h2 = 0,35) making choice of 
breeding strategy questionable. 
More generally, the breeding value began only to be part of business. This is due to the small 
number of generations of selection realised and also to the intentional closure of some national 
markets for sanitary reasons (as in Norway or in Iceland), unlike the rest of the EU markets 
regulated by the EU regulation 
Fish breeding is characterised by the recent investment of some multinationals already involved 
in the breeding of other livestock animals, such as Nutreco, or by external capital provided by 
stock exchanges, such as (for example) in Greece. The impact of such new investments are 
that today 70% of the salmon are derived from the breeding programmes of two breeding 
companies, future competition between investors making the activity includes in the field of the 
biotechnology industry for the species with large volume of production. 

Predetermined 
elements between 
2000 and 2020 

Sanitary regulations limiting the diffusion of the genetic progress and the exchange of genetic 
materials 
Rate of genetic progress depending of the duration of the generation between species : 

• 8 generations for trout (2 years interval of generation) 
• 4 generations for salmon and bream (4 years interval of generation) 
• 3 generations for bass and turbot (5 years interval of generation) 

Limitation of ingredients for aquafeeds from the capture fisheries (fish oil and protein 
resources) 

Main driving forces 
between 2000 and 
2020 

Development of new diseases unknown today 
Higher facility of species reared in great volume (salmon, trout) to invest and/or to get access 
to the innovations provided by the R&D in genomics and proteomics 

Main driving forces 
between 2000 and 
2020 (continued) 

Capacity of R&D to propose a sharp decrease of the cost of the genealogical data production 
based on DNA technologies 
Development of new rearing technologies allowing the extension of the farming to the open 
sea, enabling multiplication by 5 of the EU fish farming industry 
Development of the farming of currently non-farmed species supplanting the actual ones (tuna, 
cod, etc.) in cost and volume of production or produced in other foreign countries (Australia, 
Chile, USA, Canada, Tropical areas) 
External investment from the stock exchange or from other economic fields (animal or plant 
breeding) in the fish breeding industry 
Authorisation of the farming and the consumption of transgenic fishes produced in the EU or 
elsewhere (Chile, USA, Canada, China, Russia, etc…) with growth improvement potential 
multiplied by a factor 10, making decrease of production costs of at least 30 %. 

 
Scenario 1 ( = One possible alternative future for breeding industry in 2020) 
Description of breeding 
industry situation in 
2020 

For only few species, the breeding is monopolised by few companies in huge competition 
providing genetic materials all over the world for species reared in big volume at low price (E.g. 
salmon). For the others species or for some niche markets for the species reared at world level, 
the scenario 2 has been proposed. 
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Reasons for the 
situation 

The higher volume of production in these species and the external investment of 2 or 3 
companies per species gives them access to the latest innovations in genomic and proteomic 
and produce the highest performing animals, free of the main diseases, presenting a lower cost 
of production by selection on growth, on better processing performances and on better disease 
resistance. 

 
Scenario 2 ( = Another possible alternative future for breeding industry in 2020) 
Description of breeding 
industry situation in 
2020 

In this second scenario, breeding is orientated to provide animals to smaller markets in size 
than in scenario 1: Regional markets (bass, bream, chars), organic markets (all species and 
also species reared at world level), labelled markets insuring to the consumers conditions of 
less intensive farming, consumers paying a higher price for the product (+ 50 to 100 %) than 
in scenario 1. Breeding goals are dependant on the different niche markets. Less competition 
between breeding companies will be on the value per it self will be. This scenario will give place 
to higher number of breeding companies per species. 

Reasons for the 
situation 

Consumers want diversified fish species or products. Recent development in fish farming 
provide opportunities to produce alternative products or species for limited or niche markets, 
either because these markets exist or because the cost of production is too high due to 
biological characteristics to give access to larger markets. Selection is less intense and efforts 
are more oriented on traits related to the desires of the consumers from developed countries 
ready to pay an extra cost to be in agreement with their minds. 

Step 3. Define breeding programmes for both scenarios 

Scenario 1 
Breeding goals 
 

Improve growth 
Improve processing performances and flesh quality 
Decrease cost of the pathologies and their technical solutions (drugs, vaccines) by increases 
in disease resistance  
Limit negative effects of selection of productive traits by selection on negatively correlated 
trait (vertebral fusion, sensibility to some diseases, etc.) 

Breeding methods 
 

Up-to-date selection methods integrating the more recent advances in genomic, proteomic 
and biotechnologies 
Development of few lines per species (<5 to 10) 
Use of cryopreserved sperm 
Multitrait and multigeneration selection 
Cloning 
Monosexing and sterilisation by triploidy 

Limit inbreeding :  
High selection pressure could increase quickly inbreeding but the high number of parents 
tested and the selection of at least 2 to 4 lines per breeder gave more genetic variability kept 
than in other livestock animals  
Decrease of stressability, improve of survival :  
Up to now, survival is directly linked to the progress of domestication in fish. The few more 
generations until 2020 will go in the same direction and the genetic improvement will provide 
animals more adapted to the farming conditions 

Protection of wild population from genetic interaction with escapees 
The worldwide extension of a few species introduces them into new ecosystems. Risk of 
introducing new species is real and perturbations of the ecosystems are unknown. 
Decrease cost of diseases impacts (prophylactic treatments, vaccination) and 
maintain food safety : 
Multitrait selection and the introduction of QTL provide an opportunity to select against 
several diseases and several of them are already selected in different lines 

Maintain animal integrity : 
High growth rate will induce first reports of morpho-anatomical problems related to the 
integrity of the animals on breathing and heart capacities and the swimming ability on 
growing fish. Research in these fields will be in progress and criterias to maintain integrity will 
already be introduced in the breeding programmes  

Conflicts within 
concerns/criteria of 
Step 1 

Preserve genetic resources :  
Each breeder has developed its own cryobank and national or international research 
organisations have done the same. 
The small number of lines selected do not allow genetic resources to increase as the quick 
development of the fish farming in the last 30 years has not provided bases to create 
geographical and cultural differences and breeders focus on their own genetic resources 
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Scenario 2 
Improvement of growth : 
For most of niche markets, growth improvement remains important, this improvement being 
correlated with decrease of stressability, improvement in disease resistance to some 
pathogens, and a decrease in heterogeneity.. 
For some other markets, the improvement of growth is not included in the conditions of the 
labelled products (organic, certified) but the domestication process indirectly creates similar 
but lower progress than in the first markets 

Improvement of quality : 
Body shape is one of the more easiest traits to select in order to fix the external appearance, 
but fat percentage in the flesh and filet and gutted yields are also introduced in breeding 
programmes 

Breeding goals  
 

Survival and diseases resistance : 
For most of the species, the development of rational selective breeding programmes initiates 
domestication and improvement of survival by indirect selection on lower stressable 
individuals.  
In some species, advances in genomics provide opportunity to include marker assisted 
selection 

Breeding methods  
 

Multitrait selection 
Development of few lines per species (<5 to 10) 
Use of cryopreserved sperm 
Multitrait and multigeneration selection 
Monosexing and sterilisation by triploidy 
Cloning 

Conflicts within 
concerns/criteria of 
Step 1 

Decrease of stressability ; no conflict 

Protection of wild population from genetic interaction with escapees ; as for scenario 1 the 
remains the same 

Decrease cost of disease impacts (prophylactic treatments, vaccinations) and maintain food 
safety : the decrease of this cost is lower than in scenario 1 

Maintain animal integrity : the lower selection pressure has not induced same type of derive 
of  the animal integrity and this character is monitored 

Preserve genetic resources : the application of cryotechnologies is also use in scenario 2 and 
no conflict exists 
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Step 4. Conflicts/dilemmas and how to solve them 

 
Conflicting concerns/ 
criteria and their order of 
priority 

Motivation behind                  Possible solutions 

Scenario 1 
Limit inbreeding :  The control of inbreeding is a need as it can 

induce abnormality, decrease feed 
efficiency, increase disease succeptability, 
decrease reproductive performance and 
growth.  

The high number of parents tested and the 
selection of at least 2 to 4 lines per breeder 
gave more genetic variability kept than in 
other livestock animals. This makes the 
risk of negative impact low and lower than 
in other species when genealogical 
reproduction is practiced. Whatever, the 
monitoring of such information is practiced 
in breeding programmes based on 
genealogical reproduction. 

Decrease of stressability, 
improve of survival :  
 

Aquatic animals have been recently 
domesticated.  The adaptation of their 
genotype to the farming environment is one 
solution to limit their stressability and, 
indirectly to improve their survival 

The few more generations until 2020 will 
go in the same direction as today and 
genetic improvement will provide animals 
more adapted to farming conditions 

Protect wild population from 
genetic interaction with 
escapees 
 

The worldwide extension of a  few species 
introduces them into new ecosystems or 
transfers them within their native 
ecosystems. Risk of implantation of new 
species or of interaction with their con-
specifics is real and perturbations of the 
ecosystems are unknown. 

The domestication is one of the genetic 
solutions for gradually modifying the 
behaviour of the animals and to limit their 
ability to successfully reproduce. 
One other solution, ready to be used today 
is the sterilisation of the animals that will 
ensure that if they accidentally escape they 
will not interbreed with their wild con-
specifics 

Decrease cost of disease 
impacts (prophylactic 
treatments, vaccination) and 
maintain food safety : 
 

Selection of fish resistant to the main 
diseases is one key to limit use of drugs, 
antibiotics and vaccination. Resistance to 
some diseases are already introduced in few 
breeding programmes. 

Multitrait selection and the introduction of 
QTL will provide the opportunity to select 
against several diseases  
 

Maintain animal integrity : 
 

The high growth rate will probably induce 
first reports of morpho-anatomical problems 
related to the integrity of the animals on 
breathing and heart capacities and the 
swimming ability of growing fish. 

Research in these fields needs to be 
supported to evaluate these potential 
negative impacts. This will be in progress 
and criterias to maintain integrity will 
already be introduced in the breeding 
programmes 

Preserve genetic resources :  
 
 

The small number of lines selected does not 
allow an increase in genetic resources as 
the quick development of the fish farming in 
the last 30 years has not provided bases to 
create geographical and cultural differences 
and breeders have focused on their own 
genetic resources 

Breeders and national or international 
research organisations have developed 
their own cryobanks 

 
Conflicting concerns Motivation behind                  Possible solutions 
Scenario 2 

Limit inbreeding :  The control of inbreeding is necessary as it 
can induce abnormality, decrease feed 
efficiency, increase disease susceptibility, 
decrease reproductive performance and 
growth.  

The selection of many lines with many 
breeders gives higher genetic variability 
than in other livestock animals. 

This makes the risk lower than in other 
species when genealogical reproduction is 
practiced. 

There is a need for low cost DNA 
technologies in order to get genealogical 
information 

Decrease of stressability, 
improve of survival :  
 

Aquatic animals have been recently 
domesticated.  The adaptation of their 
genotype to the farming environment is one 
solution to limit their stressability and, 
indirectly to improve their survival 

The few more generations until 2020 will 
go in the same direction than today and 
the genetic improvement will provide 
animals more adapted to farming 
conditions 
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Protect wild populations from 
genetic interaction with 
escapees 
 

Risk of escape and  interaction with their 
con-specified is real and perturbations of 
the ecosystems are unknown. 

Domestication is one of the genetic 
solutions to modify gradually the behavior 
of the animals and to limit their ability to 
successfully reproduce. 

One other solution, ready to be used today 
is the sterilisation of the animals that will 
ensure  that if they accidentally escape  
they will not interbreed with their wild con-
specifics 

Decrease cost of diseases 
impacts (prophylactic 
treatments, vaccination) and 
maintain food safety : 
 

Selection of disease resistant fish to the 
main diseases is one key to limit use of 
drugs, antibiotics and vaccination. 
Resistances to some diseases are already 
introduced in a few breeding programmes. 

Multitrait selection and the introduction of 
QTL will provide the opportunity to select 
against several diseases only for species 
having high research support. 
For the others the introduction of new 
traits to improve their resistance will limit 
the transfer of innovations coming from the 
other species reared in large volume from 
scenario 1 

Improvement of growth : 
 
 

For most of niche markets, growth 
improvement remains important 
For some other markets, the improvement 
of growth is not included in the conditions 
of the labelled products (organic, certified)  

Selection on growth is correlated with 
decrease of stressability, improvement in 
disease resistance to some pathogens, and 
decrease of heterogeneity. 
Domestication process creates indirectly 
similar but lower progress than in the first 
market 

Improvement of quality : 
 
 

Improvement of yields at processing is 
needed to improve return rate but also to 
limit diseases spreading with the carcasses. 

Body shape is one of the more easiest 
traits to select in order to fix the 
appearance, but fat percentage in the flesh 
and filet and gutted yields are also 
introduced into breeding programmes 

 
List those conflicts which you feel cannot be solved within current breeding framework satisfactorily and why 
Feed efficiency in order to improve fixation of some nutrients and decrease water pollution 

Example: Scenarios for sustainable Atlantic salmon breeding 

Step 1 - Define “sustainable” 
“Improving a cost effective production, resulting in premium quality products for the consumer and relating to farming 
conditions in a way that protects animal welfare.  
The genetic improvements shall maximize the long term profit for the industry” 
Traits chosen that describe the four focal criteria of sustainability: 

• Production efficiency 
• Environment 
• Product quality 
• Animal welfare 

Decide what is the desired (minimum) change in each trait after 12-16 years (4 generations). 
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Step 1 - Definition of “sustainable”: “The measurement stick” 
 

Trait Unit Desired change after 4 generations (16 
years) 

Growth until 28 mnd Kg + 1,20             (≈ 3,0 sA ) 

Feed conversion Kg feed /kg growth - 0,2                (≈ 2,0 sA ) 

Fat % - 2,0                 (≈ 2,5 sA ) 

Filet color ppm + 1,5                (≈ 3,0 sA ) 

Processing yield % + 2,0                 (≈ 2,0 sA) 

Body shape Cond.factor Stabilizing        (≈ 0 sA ) 

Disease resistance- bacteria % + 3,0                (≈ 3,0 sA ) 

Disease resistance - virus % + 2,7                (≈ 3,0 sA ) 

Reduced early maturation % - 0,6                  (≈ 3,0 sA ) 

Skeletal deformities % - 0,9                  (≈ 3,0 sA ) 

 
Basic scenario (1) 
9 traits recorded:  
 ◦ kg growth   ◦ fat% in fillet 
 ◦ color (ppm) in fillet  ◦ processing yield  
 ◦ body shape  ◦ disease test for bacteria    
 ◦ disease test for virus  ◦ skeletal deformities     
 ◦ early maturation   
A simplification of current situation in Aqua Gen Atlantic salmon breeding 
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Step 2: “High output” 

• Large scale, high energy diets 

• Production maximised, costs minimised (bulk production) 

• Consumers want cheap, but good quality products 

• Newest technologies are implemented 

• Basic level of animal welfare is required 

• Control of problems mainly by management 
 
Step 2: “Extra value” 

• Defining organic-like farming systems for salmon (Feed ingredients, growth rate, chemical treatments, medical 
treatments etc.) 

• Consumers pay for extra product value 

• Consumers wants higher product quality 

• Additional nature conservation programmes are common 

• Animal welfare, “care for the animals needs”and care for environment are at least equally important to production 
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Step 3: Breeding goals 
 

Production traits 

(Growth rat, feed conversion) 

Non-producction traits                                                             
(Survival –bacteria, Survival-                            
virus, Deformities, Maturation) 

High output 

Economic weight 100%   Economic weight 0% 

Maximum progress                 With Zero change 

Extra value 

Economic weight 0%   Economic weight 100% 

Zero change                 With Maximum progress 

 
 
Step 4: Evaluation (1) 

• Genetic response in the 10 traits for the breeding programmes is calculated using SIP 

• Only the relative economic weights are different for the scenarios 

• No differences in technologies or recording of traits 
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Stakeholders: 
Aarhus Universitet, Agricultural Biotechnology 
Center, Associação de Criadores de Ovinos do Sul, 
Arbeitsgemeinschaft Deutscher Rinderzüchter, 
Associazione Italiana Allevatori, Akademia 
Techniczno-Rolnicza im. Jana i. Jedrzeja 
Sniadeckich w Bydgoszczy Wydzial Zootechniczny, 
Akvaforsk, Alta Genetics, Associazione Nazionale 
Allevatori Suini, Asociación Nacional de Criadores 
de Ganado Porcino Selecto, APEZ (Portuguese 
Association of Animal Science Engineering), 
Aristotle University of Thessaloniki, AquaGen, 
Aviagen, Biotechnology and Biological Sciences 
Research Council, British United Turkeys, CESTR 
(Czech Fleckvieh Breeders Association), CF 
Consulting Finanziamenti Unione Europea, Cherry 
Valley, Cobb Europe, CONVIS Herdbuch Service 
Elevage et Génétique Luxembourg, COPA-
COGECA, Consiglio per la Ricerca e la 
Sperimentazione in Agricoltura, HG/CRV Holding, 
CECAV (Research Center of Animal and 
Veterinarian Sciences), Dansire, Danish Pig 
Production, Deutsche Reiterliche Vereinigung, 
Deutsche Gesellschaft für Züchtungskunde, 
European Association for Animal Production, 
European Aquaculture Society, European Forum of 
Farm Animal Breeders, Eesti Tousigade 
Aretushustu, Euribrid Hendrix Genetics, Europabio, 
FABA Breeding, Animal Production Service of 
Animal Production Service and Health Division of 
FAO, Federation of European Aquaculture 
Producers, Forschungsinstitut für biologischen 
Landbau, Forschungsinstitut für die Biologie 
landwirtschaftlicher Nutztiere, France Hybrides, 
Fugato, FUSAGx (Gembloux Agricultural 
University), Genesis Faraday, Gentec, Genus PIC, 
Hubbard Breeders, Hungarian Society of 
Agricultural Sciences, Institute for Animal Health, 
Institutul de Biologie si Nutriti Animala, 
International Committee for Animal Recording, 
Irish Cattle Breeding Federation, Instituto de 
Investigación y Tecnolog'ia Agraria y 
Agroalimentaria, Institut National de la Recherche 
Agronomique, Institute of Animal Science, 
National Centre of Agricultural Sciences, 
Kostinbrod, Bulgaria, Institute of Biology and 
Immunology of Reproduction, Bulgarian Academy 
of Sciences, Institute for Pig Genetics, Institut de 
Recerca i Tecnologia Agroalimentàries, Isituto 
Sperimentale Per La Zootecnia, Institut Technique 
du Porc, Katholiek Universiteit Leuven - Fac. 
Wetenschappen - Afd. Ecologie en Systematiek 

der Dieren - Laboratorium voor Aquatische 
Ecologie, Lohmann Tierzucht, Marine Harvest, 
Marine Institute, Foras na Mara, Merial, Meat and 
Livestock Commission, MTT Agrifood Research 
Finland, National Agricultural Research 
Foundation, Parco Tecnologico Padano, Norwegian 
School of Veterinary Science, Norsvin, Panhellenic 
Confederation of Unions of Agricultural 
Cooperatives, Pfizer Animal Health, Polish 
Academy of Sciences - Institute of Genetics and 
Animal Breeding, Scottish Agricultural C, 
Semenitaly, Slovak Agricultural Research 
Authority, Slovak Agricultural University in Nitra, 
Drustvo Rejcev Govedi Crnobele Pasme v 
Sloveniji, SperiVet, Dipartimento di Scienze 
Sperimental Veterinarie, Svensk Avel, SUISAG , 
Syndicat des Sélectionneurs Avicoles et Aquacoles 
Francais, Teagasc, TOPIGS, UCL Université 
Catholique de Louvain Faculté d'ingénerie 
biologique, agronomique et environmentale, ULg 
Université de Liége Faculté de Médecine 
Vétérinaire, Union Nationale des Coopératives 
agricoles d'Elevage et d'Insémination Animale, 
Universita Cattolica Piacenza, Università degli 
Studi di Milano Dipartimento di Scienze e 
Tecnologie Veterinarie per la Sicurezz Alimentare, 
Università degli Studie di Padova Dipartimento di 
Scienze Sperimentali Veterinarie, Università degli 
Studi di Palermo Dipartimento di Scienze 
Entomologiche, Fitopatologiche, Mircobiologiche 
Agrarie e Zootechniche, University of Bologna, 
University Bonn / Institute of Animal Science, 
University of Córdoba, University of Copenhagen, 
faculty of Life Sciences, University of Bedfordshire, 
University of Ljubljana, University of Newcastle / 
School of Agriculture, Food and Rural 
Development, University of Perugia, World 
Association for Animal Production, Wielkopolskie 
Centrum Hodowli i Rozrodu Zwierat w Poznaniu z 
siedziba w Tulcach, World's Poultry Science 
Association Federation of European Branches, 
Wageningen University and Research Center, 
Zentralverband der Deutschen 
Schweineproduktion 
 

Observers from:  
DG Sanco, European Food Safety Authority, 
Eurogroup for Animals, Joint Research Centre 
(Seville)  

 

 

 

Mirror group after finalisation country discussions  
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