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Preface 

Economic, social and environmental developments were the driving force for the selection of 

high productive breeds to be used in the intensive animal production systems. This selection 

decreased the contribution of locally developed breeds with lower-input, lower-output levels 

to food production and threatened the existence of these breeds. For good reasons the society 

and the breeding organisations can not afford and will not accept the non-reversible 

disappearance of breeds including the loss of genetic variation within the important farm 

animal species. World-wide genebanks for plants in which genetic variation is conserved do 

exist already for more then 30 years and only in a few countries farm animal genebanks exist. 

A scientific foundation for the set up of a farm animal genebank, its role in conservation for 

future use and its integration in in situ conservation programs is highly needed for the 

European Union. 

So far, several organisations were active in the field of conserving animal genetic resources, 

e.g. the European Association for Animal Production (EAAP) and the Food and Agricultural 

Organisation of the United Nations (FAO). This book can be seen as an addition to the work 

published by EAAP and FAO, especially as an addition to the "Secondary Guidelines for 

Development of National Farm Animal Genetic Resources Management Plans" of FAO 

published in 1998. 

Within the Concerted Action BIO4-CT96-0197 three meetings were held in 1997 and 1998 in 

which several aspects of conservation of genetic variation in farm animal populations in 

Europe were presented and discussed in order to develop guidelines for the cryoconservation 

of farm animal genetic diversity. Much attention was paid to the integration of the ex situ 

conservation in a genebank in programs for in situ conservation in EU circumstances. 

Geneticists from Scotland, Norway, Finland, France, Italy, Spain, The Netherlands and from 

FAO participated in these meetings. In a fourth meeting in 1998 they synthesised these 

aspects and discussions for publication in this book. 

The readers of the book might be people working in education, in research, in animal breeding 

and in governmental and non-governmental organisations. This book will help them to 

stimulate awareness for the problems resulting from the extinction of breeds and create 



awareness for the opportunities of conservation of genetic diversity within species by the 

creation and use of genebanks and management of farm animal genetic resources in the EC. 

The contents of the book will help people, who should make decisions on conservation 

activities for farm animals, to found their viewpoints. Such activities aim at the future use of 

conserved genetic material in European animal breeding programs and will secure future food 

production and future market demands, e.g. a diversification of production systems or 

consumer demands for specialised foods. 



Chapter 1. Introduction 

J.K. Oldenbroek 

Department of Animal Breeding and Genetics, DLO Institute for Animal Science and Health, 

P.O. Box 65, 8200 AB Lelystad, The Netherlands 

Challenges for food production and developments in animal production systems 

Developments in farm animal populations used for food production 

History of conservation in Europe 

What is farm animal genetic variation? 

Why should farm animal genetic variation be conserved? 

Who should conserve farm animal genetic variation? 

How should farm animal genetic variation be conserved? 

Background to decision making in conservation farm animal genetic variation 

1.1 Challenges for food production and developments in animal production systems 

1.1.1 Food for a growing global population 

World-wide the human population is expected to grow by more than 50% until the year 2030. 

In the past the demand for an increased food production has been realised by a combination of 

genetic improvements, greater farming inputs and cultivation of more land for agriculture. It 

can hardly be expected that in the future the agricultural inputs can still be increased and that 

more land can be cultivated for intensive food production systems. Therefore, on the one hand 

the genetic improvement of farm animals is the most viable approach to meet the increasing 

demand for food from animal origin in intensive systems. On the other hand rural areas might 

be used for food production with low-input, low-output breeds which are locally developed 

and adapted to these areas. 

1.1.2 Growing demand for diversification of animal production 

One of the major reasons for the domestication of animals was to supply food for the family 

of the owner. In the last centuries, animal food supply of mankind in the developed world is 



concentrated on specialised farms and farm animals are bred and managed to express 

production and quality traits in an efficient way. Besides, in the developed world it is 

observed that an increase in income leads to rise in the demand for specialised foods 

generated by a diversification of animal production systems. To make the genetic approach 

successful in intensive and extensive circumstances and in the demand for a diversification of 

animal products, the genetic variation must be maintained or must be enlarged in our selection 

activities for farm animals. 

1.2 Developments in farm animal populations used for food production 

1.2.1 Driving forces 

In Europe breeding organisations strongly influenced the composition of farm animal 

populations used for food production. Economic, social and environmental developments 

were the driving force for the selection of high productive breeds to be used in intensive 

animal production systems. This selection decreased the contribution of low-input, low-output 

breeds to food production and threatened the existence of these breeds. 

1.2.2 Effects of technology 

Applying genetic science in the improvement of the genetic ability of farm animals and the 

use of artificial reproduction techniques led to the development of advanced breeding 

schemes and advanced methods to identify the genetic superior animals within the selected 

high productive breeds. In these breeds a high genetic improvement is obtained for only a few 

traits. The other traits, which were ignored in the selection, were compensated by increasing 

management efforts. This way of selection widened the gap in productivity between the 

developed high productive breeds and the original low-input, low-output breeds, which was a 

further step towards the extinction of locally developed breeds. 

1.3 History of conservation in Europe 

1.3.1 Increase in erosion and start of conservation 

World-wide the discussion on conservation of genetic resources in animal production started 

much later than in plant production. However, already at the start of artificial insemination of 



cattle in the fifties, Swedish AI-studs conserved semen from each bull used for breeding. In 

the sixties, scientific and farmer communities draw attention to the high rate of erosion of 

animal genetic resources. In Europe, farmers were leaving the rural areas where much breed 

diversity was present and many local breeds were replaced by a few highly promoted and 

highly selected breeds. These breeds were also exported to developing countries outside 

Europe and replaced breeds, which were well adapted to circumstances and management 

systems deviating sharply from those in Europe. In 1972 the first United Nations Conference 

on the Environment in Stockholm recognise these developments and problems. Ultimately, 

the first Global Technical Consultation on Genetic Resources was held at FAO-headquarters 

in Rome in 1980. 

1.3.2 FAO-activities for the management of farm animal resources 

In 1985 FAO introduced under the responsibility of the Commission on Genetic Resources 

for Food and Agriculture an expanded Global Strategy for the Management of Farm Animal 

Resources. In 1992 FAO launched a special action program for the Global Management of 

Farm Animal Genetic Resources with a framework to stimulate national participation in the 

global effort to implement conservation activities. National and regional focus points play an 

important role in stimulating and co-ordinating these actions. The Domestic Animal Diversity 

Information System (DAD-IS) is used to collect information on breeds and conservation 

activities and it offers the opportunity to retrieve guidelines for conservation activities. In 

1998 this program got a new impulse in the first session of the Intergovernmental Working 

Group on Animal Genetic Resources for Food and Agriculture. This working group 

recommended the Commission on Genetic Resources for Food and Agriculture that FAO 

continue to shape more clearly the framework and further develop the framework and that 

FAO co-ordinate the development of a country-driven Report on the State of the World's 

Animal Genetic Resources. 

1.3.3 Convention on Biological Diversity stimulates awareness for farm animal genetic 

variation 

In 1992 the second United Nations Conference on the Environment in Rio de Janeiro 

recognised the importance of farm animal genetic resources in Agenda 21 and in the 

Convention on Biological Diversity. Nearly all countries have signed this convention, which 

resulted in political and social awareness of national animal genetic resources and activities to 

conserve them in several countries also within the European Community. The CBD considers 



farm animal genetic variation as a component of the overall biological diversity. The CBD 

recognises the sovereignty of each country over his own genetic resources, which implies also 

the obligation to conserve these resources. 

1.3.4 Initiatives of the European Association for Animal Production 

Concerted activities on farm animal genetic resources started in Europe in 1980 when the 

EAAP established a working group in this field. The main activities were to organise regular 

surveys of breeds of farm animals in different European countries and to integrate the genetic 

science in conservation activities. From 1988 to 1994 FAO and EAAP managed the Global 

Data Bank for farm animal genetic resources at the Hannover Veterinary University in 

Germany. In 1993 the data were transferred to Rome to DAD-IS of FAO. Since then, the 

European national co-ordinators regularly update the databank in Hannover, which send the 

information also to FAO in Rome. According to DAD-IS there are 332 cattle, 407 sheep, 123 

goat, 156 pig and 213 horse breeds maintained in 37 European countries. In the Western (EU) 

part of Europe the decline in farm animal genetic resources in the intensification of animal 

production system has token place. In the Central-Eastern European countries, where 

development of animal production is still the first priority, the strong decline in farm animal 

resources may be continued. 

1.4 What is farm animal genetic variation? 

1.4.1 Genetic variation expressed as differences in phenotype 

Between animals differences in production and quality traits can be observed as well as in 

health, reproduction and conformation traits. These phenotypic differences are the result of 

differences in genetic ability and differences in management. Statistical techniques and 

knowledge about relationships between animals unravel the phenotypic variation in 

quantitative and qualitative traits in an environmental part caused by differences between 

animals in management and the genetic variation caused by differences in coancestry. In 

general 50% of the total genetic variation within a species is estimated to be between breeds. 

Therefore, loss of breeds can substantially reduce the genetic variation within a species. In 

statistical term genetic variation is described as the variance within and between breeds. 



1.4.2 Genetic variation measured as DNA-poIymorphism's 

The development of molecular biological techniques for the detection of DNA-

polymorphism's in coding and non-coding regions of chromosomes facilitates to describe the 

genetic variation more accurately. Such information can be used to calculate the resemblance 

between animals within breeds and the resemblance between breeds, which might be used for 

the development of conservation activities. 

1.5 Why should farm animal genetic variation be conserved? 

1.5.1 Opportunities to meet future market demands 

In the prosperous countries of the European Community the demand for specialised food from 

animal origin increases. This results in a diversification of animal production systems and of 

animal products. Besides, prosperity increases the use of animals for other goals like hobby 

farming and the use of animals for sports (horses). These developments request a large 

variability in the genetic variation of the species used. The breeds used in the present 

agricultural systems can not meet all these future market demands. 

1.5.2 Insurance against future changes in production circumstances 

The high-input high-output systems are characterised by the high use of fertilisers and 

concentrate and within these systems veterinary treatment with drugs for preventive and 

clinical use are sometimes practised at high levels. Agricultural pollution and resistance 

against drugs can create conditions for animal production in which higher levels of 

respectively feed intake and disease resistance are required. The conservation of genetic 

variation is necessary as an insurance against changes in production circumstances or the 

threat of a new disease. 

1.5.3 Present socio-economic value 

In many countries local breeds are used by a small group of farmers sometimes for special 

reasons (e.g. biological farming or grazing of marginal lands) or purposes (e.g. local products 

for niche markets). The development of breeding programs for these local breeds is too costly 

for breeding organisations and the absence of a breeding program is a threat for the existence 

of the breed. However, present socio-economic value, which creates income for a small group 

of farmers, justifies the establishment of a conservation program. 



1.5.4 Opportunities for research 

World-wide in animal production, molecular geneticists are searching for genes, which 

influence production, quality of products, and health and reproduction traits of animals. In this 

search, crosses between breeds with extreme characteristics play an important role. They 

guarantee a high degree of heterozygosity and linkage disequilibrium, which is required to 

detect associations between highly polymorphic marker loci and polymorphism's at 

quantitative and qualitative trait loci. 

1.5.5 Cultural and historic reasons 

Many breeds are the result of a long domestication process and a long period of adaptation to 

local circumstances. They reflect a long history of symbioses between mankind and farm 

animals and can help to clarify adaptation processes, which can still be worthwhile for the 

management of animals in present production systems. 

1.5.6 Ecological value 

Within the community the awareness is growing for the ecological value of regions as a result 

of landscape, nature and farm management. Within this complex the presence of animals from 

native origin which interact with parts of this complex is of great ecological importance. 

Besides, these animals can contribute to the development of local products with an ecological 

image. 

1.6 Who should conserve farm animal genetic variation? 

1.6.1 Role of national governments in an international context 

In accordance to the principles of the Convention on Biological Diversity each country is 

responsible for the management of their own national farm animal resources and for the 

implementation of conservation strategies. However, many breeds are spread over several 

(neighbouring) countries and exchange of genetic material between the subpopulations of 

such an international breed is very common. Therefore, collaboration between countries in 

conserving breeds is often the most efficient strategy. For example, EU-regulations 1467/94 

and 2078/92 aim respectively at an efficient development of conservation plans over countries 

and at uniform stimulating procedures for practical farmers to keep animals of breeds at risk 



within conservation plans. A general strategy for the establishment of databases in which 

relevant breed information is stored and of the outline of conservation plans might serve 

conservation activities world-wide. FAO developed a frame work for a global strategy for the 

conservation of animal genetic resources with the development of a network of co-ordinating 

institutes and focal points as a backbone and the development of a database and of guidelines 

for conservation activities as major products. 

1.6.2 The responsibility of scientists, breeders and breeding organisations 

Scientists should develop monitoring and signalling schemes to help governmental 

organisations to watch over populations, which might become at risk or are threatened with 

extinction. Besides, genetic science should be translated in guidelines for conservation plans. 

Individual breeders and breeding organisations may help in conservation activities by offering 

genetic material to a genebank and in performing breeding programs for small populations at 

risk. In collaboration with organisations initiated by governments and with national subsidy 

breeders and breeding organisations play a key role in the success of conservation activities. 

1.7 How should farm animal genetic variation be conserved? 

1.7.1 Selection schemes of breeding organisations 

To avoid inbreeding and to minimise random drift in populations under selection breeding 

organisations should pay a lot of attention to the number of founder animals and their 

relationship and to the mating scheme and the effective number of breeding animals in each 

generation. A large effective population is a guarantee for the conservation of a large amount 

of genetic variation. However, costs of a breeding plan and the genetic gain, which is 

necessary to justify the costs, require high selection intensity and a short generation interval. 

Both might be a threat for the genetic variation in a population of a small effective size. 

1.7.2 In situ conservation 

When a breed is at risk or is threatened by extinction in situ conservation is to be preferred. 

Then, all objectives of conservation can be reached the best. Besides, the development of the 

breed can continue, which means selection for economic profit as far it is possible within the 

limits of a small population and it facilitates adaptation to changing circumstances. However, 



the risks of inbreeding and random drift have to receive full attention in the breeding schemes 

for small populations. 

1.7.3 Ex situ live conservation 

Sometimes the production of breeds may be uneconomic and management may be 

demanding. Nevertheless, a cultural, historic or ecological value may exist. Such breeds can 

fulfil a role in zoo's, farm parks or natural parks. The costs of ex situ live conservation are 

low, but the breed is kept outside its production environment to which it is adapted. 

1.7.4 Ex situ conservation 

For most farm animal species it is possible to cryo-conserve semen and realise high or 

acceptable levels of conception after thawing the semen and inseminating females. For some 

species frozen embryos can be used to create live offspring. Also, recent developments have 

been made in freezing techniques for oocytes. For all animal species DNA-storage and 

storage of somatic cells is a well-known technology. However, techniques like nuclear 

transfer should be developed further in order to use these types of storage to regenerate 

animals. Storage of genetic material in genebanks is not in line with all objectives of 

conservation. Conservation of a breed in a genebank does not contribute to its socio-economic 

value, its contribution to culture and history and to its ecological value. So, the main value of 

a genebank for farm animals is decreasing the risk of/« situ conservation schemes. 

Conservation in genebanks might be less costly compared to in situ conservation when it is 

expected that it will take many years before an objective of conservation has to be fulfilled 

with the stored genetic material. 

1.8 Background to decision making in conservation farm animal genetic variation 

1.8.1 Aspects of conservation 

In chapter 1 some general aspects of conservation farm animal genetic variation and the 

recent history are briefly outlined. For economic reasons it is impossible to keep all low 

producing breeds of farm animals alive. Therefore, in chapter 2 the strategies, which can be 

chosen for conservation, are outlined. Artificial reproduction techniques, including cryo-

conservation of DNA, gametes, embryos and somatic cells, facilitated the establishment of 

genebanks for farm animal species, in which genetic variation threatened by extinction of 



breeds can be stored for possible future use. The weighting of criteria to be used in order to 

make a choice between strategies are discussed. 

1.8.2 Selection of breeds and choosing animals within breeds 

Several objectives of conservation favour the live conservation of breeds not used anymore 

for economic reasons in animal production systems. However, both types of conservation are 

costly. 

Therefore, scientific knowledge should be used to make proper choices between and within 

breeds. Many breeds were used over different countries of Europe in subpopulations and 

many breeds originate from common ancestor breeds kept in past centuries before breeding 

programs started. In chapters 3, 4 and 5 of this book the aspects of selection for conservation 

among and within breeds and the set up of conservation schemes are described. 

1.8.3 Operation of conservation activities 

In chapter 6 the operation of conservation schemes is outlined and discussed and in chapter 7 

the development of an expert system for conservation is described. 





Chapter 2. Choosing the conservation strategy 

G.C. Gandini" and J.K. Oldenbroek2' 

1) Istituto di Zootecnica, Universita degli Studi di Milano, Via Coloria 10, 20133, Milan, 

Italy 

2) Department of Animal Breeding and Genetics, DLO Institute for Animal Science and 

Health, P.O. Box 65, 8200 AB Lelystad, The Netherlands 

• Preface 

• Objectives and techniques 

• Options for self-sustaining local breeds 

• Costs 

• Making the decision 

• Legal issues 

2.1 Preface 

Techniques for conservation of animal genetic resources (AnGR) are generally divided in in 

situ, i.e. the maintenance of the breeds within their production systems, and ex situ. Ex situ 

techniques are further divided, according to FAO (1998), in cryoconservation of genetic 

material, which includes haploid cells (semen, oocytes), diploid cells (in vivo and in vitro 

embryos, somatic cells) and DNA, and ex situ live, i.e. the maintenance of live animals of a 

breed outside its production system (e.g. herds kept in natural protected areas, in experimental 

and show farms, in zoos). 

Until recently, ex situ techniques were often advised for their high potential as a reliable 

conservation strategy. Today, there is wide consensus on conservation by maintaining 

populations within their production systems (in situ): 

11 



• the Convention of Biological Diversity (CBD) (art. 8) emphasises the importance of in situ 

conservation and advises (art. 9) ex situ conservation as an essential activity 

complementary to in situ measures, 

• FAO underlines in its "Guidelines" (1998) the priority for in situ conservation, 

• the Common Agriculture Policy (CAP) of the European Community incentives fanning of 

local endangered breeds in their production systems (EU reg. 2078/92). 

Ex situ, however, continues to provide powerful and safe tools for conservation of AnGR. It 

seems therefore reasonable to make efforts to build a framework for the effective integration 

of in situ and ex situ techniques, in which ex situ conservation is complementary to in situ. 

In this chapter we first see how in situ and ex situ techniques differ in their capacity to reach 

the various conservation objectives. In situ, because it implies the maintenance of the breeds 

in their production systems and it achieves the widest spectrum of objectives. However, it can 

be associated with high costs. It is useful to evaluate the different options for self-sustaining 

populations in situ. Economic incentives may be important in the period needed to reach self-

sustainability: current EU incentives and propositions for additional incentives are discussed. 

In reviewing the scarce literature on costs of conservation techniques, we underline the need 

for more research. Finally, we propose some criteria to choose the most appropriate 

conservation technique for a specific breed and for the breeding context. A short discussion on 

some legal issues associated to the management of genome banks concludes this chapter. 

2.2 Objectives and techniques 

The objectives for AnGR conservation, as stated in the introduction of this book, are: 

• opportunities to meet future market demands, 

• insurance against future changes in production circumstances, 

• present socio-economic value, 

• opportunities for research, 

• cultural and historical value, 

• ecological value. 
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Different techniques are available to achieve the different conservation objectives (table 2.1 .)• 

In situ conservation is effective to reach all objectives. The ex situ live method excludes the 

present socio-economic value, because in this conservation strategy the breed is removed from 

its socio-economic context. For the same reason the cultural and ecological objectives cannot 

be effectively pursued. Cryoconservation is an option, when socio-economic, cultural and 

ecological values are missing or are of no concern. 

In table 2.1, the different techniques are compared on the basis of factors associated to the 

conservation objectives: i) the opportunity for breed evolution and genetic adaptation, ii) the 

opportunity to better characterise the breed, iii) the exposure of the breed to random genetic 

drift and inbreeding. Beside the ontogenic process, cryoconservation 'freezes' also the 

evolutionary process of the breed and impairs its genetic adaptation, i.e. its future production 

value. Nowadays, very little is known on the performances of most endangered breeds; there 

is a need to increase our knowledge on local breeds in order to better define their conservation 

value (see paragraph 2.3.). Populations of small size are exposed to random genetic drift, 

which is measured as effective population size and is established as inbreeding. The rate of 

genetic drift (see chapter 6) can be controlled by accurate selection and mating of sires and 

dams. Ex situ live populations are expected to be smaller than in situ populations and 

consequently they are more exposed to genetic drift. However, ex situ live conservation might 

facilitate better genetic management. For QTL studies, semen is the first option. For studies 

on genetic variation, purified DNA is sufficient. 

In table 2.2, ex situ techniques are compared for their effectiveness to achieve the different 

aims of cryoconservation. All techniques available or in development are discussed. Oocytes 

differ, in terms of efficiency to achieve the various aims of cryoconservation, from embryos 

because with oocytes it is still possible to choose the desired mating. Nevertheless, oocytes 

here are not distinguished from embryos. Embryos are the first option for breed re-

establishment, followed by somatic cells (cloning), assuming this technique will be soon 

available for this purpose. The breed can be re-established by using semen for backcrossing 

females, but then four generations are required to achieve over 90% of genes of the 

endangered breed. With semen or somatic cells cytoplasmic effects of the endangered breed 

will be lost or altered. Semen is the genetic material of choice for creation of synthetic breeds, 

for gene introgression and as aid to the genetic management of in situ or ex situ live 

13 



Table 2.1. Conservation objectives, factors associated and conservation techniques. 

objective 

Technique 

cryoconservation 

yes* 

no 

yes ** 

no 

no 

ex situ live 

yes * 

no 

yes 

poor 

poor 

in -situ 

yes * 

yes 

yes 

yes 

yes 

meet future - insurance 

socio-economic value 

research and education 

cultural-historical value 

ecological value 

factors associated 

breed evolution/genetic adaptation no 

better knowledge of breed poor 

characteristics 

exposure to genetic drift no 

poor 

poor 

yes (+) 

yes 
yes 

yes 

* several differences among the three techniques. See factors associated. 

** based on crossings with other breeds. 

Table 2.2. Conservation aims with different ex situ techniques. 

aim 

breed re-establishment 

creation of synthetic 

breeds 

gene introgression 

cryo-aided live scheme 

QTL studies 

DNA studies 

ex situ technique 

semen 

yes* but < 

yes 

yes 

yes 

yes 

poor 

100% 

embryos 

yes 

poor 

poor 

poor 

poor 

poor 

somatic cell 

yes* 

poor 

poor 

poor 

poor 

poor 

DNA 

no 

no 

no 

no 

no 

yes 

* no extra-chromosomal DNA. 
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programmes (cryo-aided live schemes. See chapter 6). For that purpose embryos and somatic 

cells are less efficient. 

2.3 Options for self-sustaining local breeds 

The technique of maintaining endangered breeds in their production environments covers the 

widest spectrum of conservation objectives. Then, it becomes important to analyse the options 

we have for an efficient in situ conservation. 

An analysis of the dynamics of the erosion of farm animal genetic resources in Europe in the 

last decades will probably reveal a complex picture. It may shows cultural, social and food 

demand changes, transformation of the food production chain, country regulations and 

technological changes affecting in various ways the decline of local breeds. In most cases it is 

likely that these factors result in a lack in economic profitability of the local breed compared 

to other breeds or other economic activities in that region. The absence of a breeders 

association or a breeding programme may also play a role. 

The fall in population size is the first result of these facts. Other effects are the decrease 

among breeders in enthusiasm for the promotion of their breeds, which impairs performance 

recording and development of breeding schemes. All these aspects might trigger a further 

decline of the breed, finally leading to extinction. 

It is likely to assume that in conservation of AnGR prevention of breed decline can be more 

effective than a conservation therapy. Therefore, it is important to counteract the processes of 

breed decline before the population size will be too small. This will impair the probabilities of 

success and will increase the costs for recovering. 

Then, several questions can be raised: 

• Which options are available to stop and reverse the decline process into a self-sustaining 

programme? 

• What can we learn from recent experiences? 
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• Does the European context offer particular opportunities to make local endangered breeds 

self-sustainable? 

These questions will be answered by considering five general options: 

• establishing the economic performance of the breed, 

• improving infrastructures and technical assistance, 

• genetic improvement, 

• optimisation of the production system, 

• developing activities to increase the market value of breed products, 

• developing incentives. 

2.3.1 Establishing the economic performance of the breed 

for most of the local European breeds we have no reliable data on their performances. Most 

often: 

• performances are estimated on small samples, 

• available information refer only to phenotypic data, with no estimates of genetic 

parameters, 

• information is not available on secondary traits, such as longevity, fertility, mortality, feed 

and management requirements, i.e. on those characters, which might significantly 

contribute to breed profitability. 

In many areas on the world comparisons of performances between crossbred and indigenous 

blreeds have been based on poor experimental designs, which often produce misleading results 

(FAO, 1998). 

It is likely that better evaluations of the economic performances of local breeds may change 

the results of comparisons among local and exotic breeds and it may correct possibly 

erroneously perceived differences or may assess possible strong points of the local breed. 

Inreed comparisons should first be based on a good assessment of breed performances. When 

the breeds participate in a national recording scheme for production traits, the biological 

information for the comparison can be gathered much more accurately and to some extent an 

economic comparison is feasible in combining performances with market prices of products. 
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More accurate comparisons require: 

• awareness for interactions between the farm management and the characteristics of the 

breed, which requires comparisons of breeds in different management systems. For 

example, the composition of the diet may interact with breed performances, 

• additional trials at experimental stations or at practical farms under controlled conditions. 

Despite possible high costs, these trials offer the opportunity to compare breeds accurately 

for input and output factors, which is essential for a proper economic comparison, 

• studies on farms and in experimental stations including evaluation of crossbreds to better 

understand the potential use of the local breed in different crossbreeding production 

systems. 

The relative economic advantage or disadvantage of a breed is a function of the relative prices 

for the different animal products. A breed, which is not used in high-input, high-output 

systems, can be profitable in a low-input system through a high feed intake capacity, 

longevity, fertility, hardiness, quality of the products or a niche market for its product. 

2.3.2 Improving infrastructures and technical assistance 

Most often local breeds are producing in areas characterised by a low socio-economic 

development. This might result, with respect to a breeding programme, into a lack of 

infrastructure and technical assistance, including networks for milk collection and processing, 

slaughterhouses, networks for commercialisation of products, performance recording and 

services for technical assistance. Genetic improvement is an important aspect and will be 

discussed in the next sub-paragraph. It is likely that the lack of these elements impairs the 

economic performance of local breeds. 

2.3.3 Genetic improvement 

In general local breeds do not benefit from modem breeding techniques. Selection 

programmes may increase the genetic ability for productivity and consequently the 

profitability of local breeds. 

Two major considerations have to be forwarded: 

• the definition of breeding goals should take into account the conservation value of the 

breed. Traits proposed for selection should be accurately evaluated for their genetic 

correlations with those traits that determine the conservation value of the breed, in order to 
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avoid the deterioration of its conservation value. These might include adaptation to a harsh 

environment or to low-input production systems or traits like longevity, fertility, meat and 

milk quality ; 

selection schemes should take into account the maintenance of genetic variation within the 

breed and risks associated with a high rate of inbreeding. To reach these goals, a theoretical 

framework has been developed in the last years and software are available for field use (see 

chapter 6). 

Box 2.1. Reggiana cattle 

In the 1940's the Reggiana, a local dairy cattle farmed in Northern Italy, counted more than 

40,000 cows, then progressively dropped to a minimum of 500 cows in the early eighties. It 

was a typical process of displacement of a local breed by the cosmopolitan better-promoted 

and more productive Friesian breed. Since the late eighties several activities were begun to 

support the breed (shows, performance recording, valorisation of products, etc) leading to a 

progressive increase of the number of cows up to 1,200 in 1998. A discussion was recently 

opened among breeders to develop some selection programmes. Breeding goals will probably 

include udder morphology followed by kg. of protein, while monitoring several aspects of 

milk characteristics (associated to cheese production), longevity and fertility. Constraints on 

rate of inbreeding have been included (Gandini et al, 1998). It is felt that, besides increasing 

profitability, the introduction of a breeding programme might also increase the interest of 

farmers for their breed. 

2.3.4 Optimisation of the production system 

Increasing economic performance of local breeds might require re-organisation of their 

production systems, such as seasonal planning of the production, changing age or weight at 

slaughter or introducing some crossbreeding. 

Attention should be given to the conservation of the local breed. Taking the introduction of 

crossbreeding as an example: 

• breeding schemes should guarantee the maintenance of viable populations of the local 

breed through a sound pure breeding scheme, 

• the breed might be used for the production of commercial crosses with a high performance 

breed. The commercial crosses might benefit of higher input production systems, while the 



local breed should be maintained in its original production environment to maintain its 

adaptation characteristics, 

• the use of the local breed as a female population (instead of as male population, which 

might be more profitable) may be advisable to guarantee the maintenance of a large 

population of the local genotype adapted to the production environment, 

• the use of a high performance breed that will produce crosses which cannot be 

distinguished from the local breed is not advisable, because of the risk of non-voluntary 

introduction of exotic genotypes in the local breed. 

Crossbreeding schemes are of interest also for indigenous breeds in developing countries 

(FAO, 1998). 

2.3.5 Developing activities to increase the market value of breed products 

2.3.5.1 Links between products and breeds 

The starting point is the question: is the relationship between breed and product helpful to 

diversify its products and to sell them at higher prices, i.e. to improve the economic 

profitability of the breed? 

It is known that diversification is an opportunity to grade products. Generally the control and 

the enhancement of agricultural products' quality is a combination of the raw material (meat 

or milk) and the processing. Once a certain quality level is achieved, it can be promoted by 

advertising, which let the consumer perceive some elements of the product. Some recent 

experiences (Gandini and Giacomelli, 1997), summarised in the examples in Box 2.2, support 

the approach of a marketing link between products and local breeds. 

Only a few breed-product links have been reported in the literature. In this respect, it is 

advisable that all experiences in the future will be reported. Some general conclusions can be 

drawn from known experiences: 

• the link between product-breed can improve breed's economic profitability, 

• building this link offers several options: e.g. the link can be part of a protected designation 

of origin (PDO) or can be used to further differentiate a product within a market already 

differentiated (e.g. within a PDO), 
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the overlapping of an exotic breed in the farming area of the local breed might hamper (e.g. 

difficulty of separate milk collection) the creation of a link between the local breed and the 

product, 

in some cases, the link between product and the breed-environment seems to be more 

appropriate than the link between product and breed. 

Box 2.2. Niche marketing 

In France, since 1986 the Tarantaise and the Abondance cattle breeds are associated to the 

production of the Beaufort and together with the Montbéliarde breed to the Reblochon and 

Abondance cheeses. The positive economic valorisation of milk is documented (Verrier, 

1995). On the Italian side of these Alps there is a similar case: the Fontina cheese is produced 

manufacturing milk only of the Valdostana breed. Other examples, in France, of links 

between cheeses and breeds includes: the Ossau-Iraty cheeses and the Manech and Basco-

Bearnaise sheep breeds, the Comté cheese and the cattle breeds Montbéliarde and 

Simmenthal, the Laguiole cheese and the cattle breeds Simmenthal and Aubrac. In Italy, the 

Parmigiano Reggiano cheese since 1955 has a protected designation of origin (PDO). In 1991 

a consortium of breeders started the marketing of a brand of Parmigiano Reggiano made only 

with milk of the Reggiana breed (the original breed, before the Friesian, used to produce this 

cheese). Since 1991 this brand is sold at a price 16% higher than the common Parmigiano 

Reggiano. The recent increase of the number of cows, from 500 of the 1980's to 1,200 in 

1998 is thought to be strictly associated to this operation. 

2.3.5.2 Ecological and cultural breed products 

In this respect we may consider that (Gandini and Giacomelli, 1997): 

• in Europe, before the intensification and industrialisation process in the last decades, 

livestock farming was closely linked to the use of farmland and was in general extensive. 

Most of the areas which are recognised nowadays as natural areas are in fact agro-

ecosystems created and maintained by farmers and their local breeds. The decline of local 

breeds and of their production systems are raising concern for the maintenance of these 

agro-ecosystems and cultural landscapes; 

• when grazing ceases, bush encroachment follows, which makes it more difficult to use the 

lands for recreation. Farmers maintain landscapes of great beauty, which are rich in culture. 
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Examples in this respect are the Alpine pastures, which attracts large amounts of tourists in 

summer; 

• the reduction of livestock grazing is known to increase risks associated to natural fires, 

especially in the Mediterranean regions, and to floods in the alpine areas; 

• local breeds may be considered, from a cultural point of view, to be testimonial of the 

farming civilisation of the specific area. 

Based on these and similar considerations, several countries and the EC developed specific 

agriculture and environment policies, including subsidy systems directed to the development 

and maintenance of rural landscapes and agro-ecosystems management. However, subsidies 

are not expected to be available in the long term. Then, the question arises: is it possible to 

develop a market value for the ecological and cultural services from local breeds? 

Recent experiences allow some optimism: 

• in Southern Europe, cheese producers and breed associations started to envisage an 

ecological role for their local breeds (see Box 2.3.); 

• in Austria, some Tyrolean communities and tourism enterprises observed that summer 

tourists expected the presence of a farming community with their breeds and the 

availability of local food products, the presence of animals and a farming culture on 

tracking areas. Since a few years, they subsidise the farmer community to avoid the decline 

of farming activities. In doing so, they recognise a market value of the cultural and 

ecological value of farming; 

• in several parts of Europe horses are recognised as a proper help to harvest the wood under 

rough conditions. This may facilitates the conservation of the original heavy European 

horses. 

Box 2.3 Ecological use 

From 1993, in Savoy in France, herd milk production (Tarantaise and Abondance cattle 

breeds) for making the Beaufort cheese is limited to 5,000 kg per lactation in order to 

maintain the optimum stocking rate of .7 head per hectare. On the Southern side of the Alpes, 

in the Italian Valle d'Aosta, the production of the Fontina cheese implies that milk comes 

from Valdostana cattle taken to alpine summer pastures. 
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2.3.6 Incentives 

During the time needed to increase the economic profitability of the endangered breed, 

incentive payments can effectively halt the decline of the breed. Incentives may be necessary 

to improve the economic profitability of the breed. 

2.3.6.1 Current incentives 

• The EU regulation 2078/92 provides incentive payments to farmers keeping endangered 

breeds of several species. The incentive payments are thought to compensate farmers for 

the lower profitability of the local breeds compared to substituting these breeds with more 

profitable exotic breeds. Local experiences have proved the efficacy of incentives 

payments. Among the different forms of incentive payments (FAO, 1998), the most 

effective ones for the short and medium term support of the breed should be used. 

• EU Council Regulation 1467/94 ("European Community Programme on the conservation, 

characterisation, collection and utilisation of genetic resources in agriculture") provides 

grants to the State members for conservation activities in agriculture. Until now, much 

emphasis has been put on the plant sector. It is to be expected that farm animal genetic 

resources will get more attention in the coming years. 

• The 3rd Conference of the Parties of the CBD (held in Buenos Aires in 1996) drew the 

attention (in the document "Conservation and sustainable use of agricultural biological 

diversity") of both the international funding agencies and the CBD to support the 

conservation and sustainable use of biological diversity important to agriculture. 

2.3.6.2 Proposition for additional incentives 

Considering that CAP supports local breed conservation, it is worthwhile to investigate the 

introduction of new measures aimed to AnGR conservation into present EU Regulations. This 

might include: 

• subsidies to buy milk quotas by farmers with endangered breeds to extend their herd size; 

• subsidies to buy milk quotas by farmers with non-endangered cattle breeds, willing to 

extend their herds with cows of endangered breeds; 
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• suckling cows subsidies for endangered breeds producing some milk for the market and in 

mixed (suckling and dairy) herds (Institut de l'élevage, 1992); 

• permission to store semen and embryos of endangered breeds that cannot fulfil the present 

sanitary rules of the EU. Before this genetic material is used, it has to be tested for the 

relevant diseases and cost might be paid by EU; 

• to include in reg. EU 2078/92 species presently not-considered, primarily the pig; 

• to develop a legal framework for the promotion of breed-product links, taking into account 

for example EU regulation 2081/92. 

2.4 Costs 

The future economy of animal production is a major argument for preventing erosion of 

AnGR. Then, costs for their conservation should be seen as an insurance against uncertainty 

of future market and production circumstances. In a shorter time horizon, costs can be seen as 

an investment in the development of animal production, as a contribution to environmental, 

landscape and cultural conservation and as support to scientific progress. 

From the scarce literature on costs of conservation techniques (Brem et al., 1984; Ollivier and 

Lauvergne, 1988; Lomker and Simon, 1994; Ollivier and Renard, 1995) some considerations 

can be stated: 

• in comparing costs of different techniques, aims should be well defined. Cryoconservation 

with semen can be a very costly method when breed re-establishment is the aim (Lomker 

and Simon, 1994), 

• in comparing costs of different techniques, the conservation time horizon should be taken 

into account. With cryoconservation, costs of maintenance are a function of the number of 

years before use. The advantage of cryoconservation over in situ conservation can be 

expressed by the number of years of conservation above which it becomes cheaper than 

keeping live animals (Ollivier and Lauvergne, 1988), 

• cryoconservation costs of the different methods vary among species, because differences 

in efficiency of techniques do exist. For example, in the rabbit embryobanks are cheaper 

than semen banks (Ollivier and Renard, 1995), 

• costs are expected to differ significantly among regions and countries, 
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• in situ costs strongly depend on the economic competitiveness of the endangered breed, i.e. 

on the subsidies necessary to compensate for the gap in profitability with the high 

producing breeds (Lomker and Simon, 1994), 

• all the literature refers to simulated costs; no real data from field projects are available in 

the literature, 

• ex situ conservation is in general considered to be less expensive than in situ conservation. 

More research is needed to compare conservation techniques on an economic basis. Some 

general considerations can be proposed separately for in situ, ex situ live and cryoconservation 

techniques: 

• In situ 

Our approach is to try to take the breed to self-sustainability, therefore: 

• incentive payments to farmers should cover the gap in economic return between the 

endangered breed and the average commercial breed. Breed comparisons (see paragraph 

2.3) are useful to determine the amount of the incentive payment; 

• the length of economic incentive payments depends on the period necessary to take the 

breed towards self-sustainability; 

• taking the breed towards self-sustainability may imply costs for technical assistance, for 

the development of a breeders association, for performances control and breeding 

schemes, and costs to identify, qualify and market products linked to the breed and to 

market the cultural and ecological value of the breed. 

It should be noted that, when self-sustainability is reached, conservation costs become 

zero. Costs of cryo-aided live schemes should be accounted for, where applicable. 

• Ex situ live 

Costs of ex situ live conservation are equal to the difference between the profit from 

farming the average commercial breed and the endangered breed. Market strategies 

promoting tourism (herds kept in natural protected areas, in show-farms) and high quality 

products (e.g. "biological" products) can be used to increase profitability. Costs of cryo-

aided live schemes should be accounted for, where applicable. 
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• Cryoconservation 

All costs should be accurately accounted for. 

- Considering semen, costs include: 

+ finding donor males or producing matings to obtain males when necessary to 

widen the genetic variation in the semen to be stored (see chapter 5), 

+ raising males to puberty necessary in some situations when it may be difficult to 

find boars because males are usually castrated at early age, 

+ taking males to special centres for collection and freezing, (because of health 

regulations, it can be difficult in Europe to use regular A.I. facilities), 

+ semen collection and processing, 

+ semen storage and maintenance at two locations (costs of tanks and liquid 

nitrogen), 

• If the aim is breed-reconstruction, add costs for backcrossing. 

- Considering embryos, costs include : 

+ finding donor females, identifying optimal matings and producing embryos, 

+ embryo collection and processing, 

+ embryo storage and maintenance at two locations (costs of tanks and liquid 

nitrogen). 

2.5 Making the decision 

Most often, because financial and human resources are limited, breeds cannot be given the 

same priority for conservation. Chapter 4 will discuss criteria and methods for selecting 

breeds for conservation. When a breed or a set of breeds has been selected, the question arises: 

which in situ or ex situ technique or which in situ and ex situ combination should be used? 

In paragraph 2.2., the capability of each technique to reach the conservation objectives was 

analysed. Costs of techniques were discussed in paragraph 2.4. Now we present some criteria 

to choose the most appropriate conservation technique. The following nine steps, illustrated in 

figure 1, should be considered: 
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1. Evaluate the current conservation values of the breed. An accurate evaluation of the 

conservation values of the breed is expected to be done in selecting breeds for conservation 

(chapter 4). Two aspects require further consideration: 

• to estimate the genetic variation of a breed and its uniqueness we developed objective 

criteria (e.g. genetic distances, genetic parameters). Conversely, we do not yet have 

appropriate and standard tools to evaluate the cultural, ecological and socio-economical 

value of a breed. For example, it might be said that because breeds are products of 

domestication as such, they have a cultural value. This is not necessarily true, in general 

a breed will have a cultural value when it played in the past an important role in the 

creation and development of local agricultural techniques, food products, gastronomy, 

landscape, local handcraft techniques, costumes etc.; 

• conservation values of the breed must be present in a form that allow their conservation. 

For example, a breed will have a high cultural value worth considering conservation 

when expressions of this culture are still present in the farming area. If not, it will be 

only a pale testimony of it. 

2. Identify the conservation objectives for the breed. Not all the conservation values of 

the breed may be taken as conservation objectives. The choice may vary among countries, 

because the different interest and priorities of Government and human societies. E.g. 

nowadays, cultural and ecological values are more eligible as conservation objectives in 

Europe than in other regions of the world. 

3. Select the techniques, which allow reaching the conservation objectives previously 

identified. Not all techniques allow reaching the same conservation objectives with equal 

effectiveness. Following tables 1 and 2, select techniques (in situ, ex situ live, 

cry conservation) or combinations of these techniques that could be used to reach the 

conservation objectives previously identified. If the socio-economical value of the breed is 

an objective, maintenance of the breed within its productive context (in situ) is the only 

technique available. If cultural value or ecological values are among the conservation 

objectives, in situ or ex situ live techniques can be used. In all these cases, 

cryoconservation (a genome bank) can be used in addition to in situ and ex situ live to 

reduce the risk of a breed loss. When objectives are limited to the opportunities to meet 
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future demand, the insurance against future changes in production circumstances and the 

opportunities for research, all techniques and their combinations are eligible. 

4. Rank techniques for risk. Analyse the techniques or combinations of techniques on the 

basis of the risk of failure and exclude those with a non-acceptable level of risk. Risk of 

failure is a function of: 

• the degree of endangerment of the breed (EAAP Working Group on Animal Genetic 

Resources, 1998). When in situ or ex situ live are the techniques of choice and the 

population size is very small, health conditions are critical and the socio-economical 

stability of the area is low, the risk of breed loss can be high, 

• the possibility of controlling genetic drift (availability of skilled technicians to perform 

mating schemes), 

• the success of past conservation: the success of removing factors that in the past limited 

conservation success. 

5. Rank techniques for costs. For all techniques (all ex situ techniques, i.e. semen, embryos, 

somatic cells) or for combinations of techniques that guarantee acceptable risks of failure, 

costs should be evaluated. Rank all techniques on the basis of costs. 

6. Rank techniques for the opportunity of breed evolution/adaptation and of a better 

knowledge of breed characteristics. When we prefer to continue the evolution and 

genetic adaptation of a breed, then the in situ technique should be chosen. This will also 

guarantee the opportunities to increase our knowledge of the breed. 

7. Rank cryoconservation techniques for efficiency of conservation aims. Not all the ex 

situ techniques, semen, embryos and cells, allows to achieve the different cryoconservation 

aims (see table 2.2). 

8. Rank techniques for efficiency of conservation of cultural and ecological values. If 

cultural value or ecological values are among the conservation objectives, in situ or ex situ 

live techniques can be used; however ex situ live has poorer performances (table 2.1). 
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9. Choose the technique. Consider the different rankings for 1 ) for risk of failure, 2) for 

costs, 3) for opportunity of breed evolution/adaptation and of better knowledge of breed 

characteristics, 4) for efficiency of conservation aims 5) for efficiency of conservation of 

cultural and ecological values. The weighting of each of these factors will depend upon the 

amount of resources available, interests and priorities, strategy preferences. 

2.6 Legal issues 

The choice of ex situ techniques implies the creation of a genome bank and the discussion of 

some associated legal issues that, because they have been barely investigated until now, 

deserve some attention in this paragraph. 

FAO recently pointed out the need to develop a legal framework for access to genome-banks 

(FAO, 1998). Here, it is underlined that a discussion should be opened with some urgency, 

considering that: 

• indistinct present situations of ex situ collections of plant germplasm, built before the 

Convention on Biological Diversity (CBD) entered into force, should be avoided in farm 

animals as much as possible. Animal genome-banks are still at an early stage, which 

minimise possible difficulties due to pre-existing situations; 

• the debates on related issues such as Intellectual Property Rights (IPRs), Farmers' Rights 

(FRs) and General Agreement on Trade and Tariffs (GATT) are ready to start. 

2.6.1 State of the debates 

• The CBD clearly states among its objectives (article 1) the "equitable sharing of the 

benefits arising out of the utilisation of genetic resources, including by appropriate access". 

It recognises "the sovereign rights of States over their natural resources" (article 15). It 

invites each Contracting Party "to create conditions to facilitate access to genetic resources 

by other Contracting Parties" (article 15). Within the CBD framework, access to genetic 

resources, including genome-banks, are subjected to national legislation, which should 

promote equitable sharing within and between countries. 
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• Farmers' Right (FRs) have been developed by FAO under the International Undertaking 

for Plant Genetic Resources (Resolution 5/89) and are defined as "rights arising from the 

past, present and future contribution of farmers in conserving, improving and making 

available plant genetic resources. These rights are vested in the International Community, 

as trustees for present and future generations of farmers, for the purposes of ensuring full 

benefits of farmers and supporting the continuation of their contributions". 

• IPR is a framework of laws that provides monopoly rights for the products of human 

activity, agriculture and technology. It include patents, copyrights, Plant Breeders' Rights, 

trademarks, etc. The CBD discusses the protection of intellectual property rights in article 

16 "Access to and Transfer of Technology". It recognised that patents and other IPRs may 

have influenced the implementation of the Convention and stated that Contracting Parties 

"shall co-operate in this regard subject to national legislation and international law in order 

to ensure that such rights are supportive of and not run counter its objectives". 

• Patenting of biotechnological inventions in the European Union is subjected to the 

Directive 98/EC of the European Parliament and of the Council. 

2.6.2 Developing a framework 

The development of a legal framework in EU should consider, among others: 

• the development of FRs for animal genetic resources in order to i) allow farmers to fully 

participate in the benefits derived from the improved use of AnGR, ii) assist farmers in the 

conservation of their breeds, iii) ensure that sufficient funds are available for these 

purposes; 

• a full definition of intellectual and commercial properties that may arise from the use of 

stored material, both cells and DNA; 

• the ownership, if any, of genome-banks, to which contributed farmers, governmental and 

private organisations, private companies, national and international funding agencies. 
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Chapter 3. Measuring genetic uniqueness in livestock 

J.H. Eding1' and G. Laval2) 

Department of Animal Breeding and Genetics, DLO Institute for Animal Science and Health, 

P.O. Box 65, 8200 AB Lelystad, The Netherlands 

Laboratoire de Génétique Cellulaire, INRA, 31326 Castanet Tolosan, France 

• Introduction 

• What kind of genetic information should be used? 

• What is the basic theory behind genetic diversity? 

• How are genetic distances interpreted? 

• What are the practical considerations? 

3.1 Introduction 

3.1.1 Uniqueness of breeds 

In Europe there is a large interest in the uniqueness of local breeds (meaning the extent to 

which a breed is different to all others). To know the uniqueness of a breed one must study 

the diversity in a set of breeds. Over the last few years the number of studies into diversity 

and distances between European breeds has grown, with many large-scale projects under way. 

These projects include studies into cattle (Roslin, Scotland; combined Scandinavian effort 

with regard to Nordic breeds), pigs (INRA, France. A project that when finished should cover 

50 different breeds), poultry, horses, sheep, goat and rabbits. 

Because of the increased interest in this kind of project, it might be of interest to look more 

closely into the mechanisms underlying genetic distances and genetic diversity. 

It should be stated here, that the uniqueness of breeds is just one criterion among others for 

prioritising breeds for conservation. For a further discussion on all relevant criteria we refer to 

chapter 4. 
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3.1.2 How can diversity be defined? 

Diversity can be defined in a number of different ways on a number of different levels. 

Looking at nature, there is an enormous amount of diversity. This diversity we can observe 

and measure directly is phenotypic. On the other hand the largest part of diversity is hidden, 

because it is genetic diversity, embodied in the chromosomes of each cell of an animal. 

Modern technology used in genetics enables us to measure this type of variability. 

3.1.3 Measuring diversity 

Variability between populations (species, breeds) can be assessed using mathematical tools, 

which translate the differences to a measure of distance between a pair of populations. Given 

the distinction between phenotypic and genetic variability, it follows that distances can also 

be divided into phenotypic and genetic distances. Which of these tools is preferred, depends 

on the objectives of the user. 

3.1.4 Phenotypic diversity 

If the interest is in phenotypic diversity only, one should use phenotypic distance measures. 

An example of the possible use of phenotypic distances is prioritising of breeds for adaptation 

criteria. Great importance is placed on adaptation of breeds to their environment, since the trend 

is toward more sustainable agricultural systems and well-adapted animals will be an essential 

part of such systems (See also chapter 2 for details on breed comparisons). 

It should be noted that measuring phenotypic distances does not necessarily give the same 

results as genetic distances, because they are basically different measures. Phenotype is 

determined by genotype and environment (and their interaction). In relation to measuring 

diversity van Hintum (1994) discusses the merits of particular phenotypic traits (to be precise: 

quantitative traits) as a means to assess genetic diversity. He suggests that distances based on 

quantitative traits are more indicative of adaptation to environmental factors. This is supported 

by a study by Burstin and Charcosset (1997). They found a triangular relationship between 

phenotypic and marker genetic distances: Low genetic distances are associated with low 

phenotypic distances, high genetic distances, however, are associated with a range of 

phenotypic distances, meaning that two populations which are genetically distant need not be 

phenotypically different. In fact, phenotypically they might resemble each other closely. In 

other words, two breeds can show the same phenotypic characteristics without being closely 

related genetically, which means that breeds can arrive at a similar phenotype along different 

genetic routes. 
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The results of van Hintum suggest that phenotypic distances could possibly be used as a 

quantitative measure for adaptation of breeds to particular environmental aspects. 

Phenotypic diversity may be seen as 'expressed genetic diversity', i.e. genetic diversity at the 

coding regions. Whereas the 'neutral genetic diversity' is measured at non-coding loci, like 

microsatellites or other genetic markers. The difference between 'expressed' and 'neutral' 

diversity becomes clearer if we consider the example of a large population that is split into two 

large subpopulations. Some generations of strong selection can make the expressed traits 

substantially different and thus creates a large 'expressed genetic' distance. However, because of 

the large population sizes and therefore small inbreeding (see 3.3), the 'neutral genetic distance' 

will be small. Hence, the population will be considered almost identical from a neutral genetic 

distance point of view, while they show substantially different traits. 

Most literature concentrates on 'neutral genetic diversity', which will therefore be treated in 

detail in this chapter and will be shortly termed 'genetic diversity'. The field of phenotypic or 

expressed diversity is new. Some attempts to quantify this diversity have been made by 

principal component analysis (Morrison, 1967). However, much more research is needed in this 

area. 

3.1.5 Genetic diversity 

FAO defines diversity as genetic diversity in types of Animal Genetic Resources, i.e. breeds 

of a species (Henson, 1992; see also chapter 4). Another definition is on the level of genes, 

where as much alleles as possible should be conserved (Crossa et al. 1993; Smith, 1984). The 

prime reason for conservation efforts in the EU is the concern that without intervention whole 

species might lose the flexibility to deal with changing circumstances (market demands, 

production systems, etc.). Therefore, in the EU context the approach is towards traits, 

meaning the genetic variance in traits (known traits but also unknown traits of possible future 

use) should be conserved. This implies that the conservation effort will be focussed on the 

total genetic diversity of a species, without preferring certain traits to others. The latter point 

of view shifts the conservation effort from allelic diversity to diversity in genotypes. Since 

most traits dealing with adaptability, production and reproduction are polygenic (influenced 

by multiple genes) it is clear that it is unnecessary to conserve every known allele per locus 

(which is impossible in any case). For instance, a trait that is coded for by 10 diallelic genes 

will have a potential of 59,000 different genotypes. In a situation with three alleles per locus 

this number is approximately 60.5 million different genotypes. Furthermore, calculations 
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show that rare alleles don't contribute substantially to the genetic variance of a trait (Falconer 

and Mackay, 1996). For polygenic traits, diversity is in the genotypes and not in the diversity 

of alleles. 

In light of the developments in the EU as described above (and in the first paragraph) we have 

chosen to concentrate on describing the tools (genetic and mathematical) necessary for the 

conservation of the total of genetic diversity, without emphasising certain (groups of) traits. 

3.2 What kind of genetic information should be used? 

The most widely used genetic distances use differences in frequencies of alleles in different 

populations. In principle any gene that shows polymorphisms, i.e. has 2 or more alleles, can be 

used. In the past a number of different types of markers have been used to designate differences 

in those frequencies. Those are: 

• Biochemical markers 

• Bloodtypes 

• Allozymes 

• Genetic markers 

• Random Amplified Polymorphic DNA (RAPD) 

• Restricted/Amplified Fragment Length Polymorphisms (RFLP and AFLP) 

• Microsatellites 

The field of molecular genetics is still in a stage of rapid development, with many new, 

promising techniques under way. The development of DNA-chips is an example (see Box 3.2). 

Biochemical marker polymorphisms are based on differences in protein molecules. These 

differences occur because the genes coding for those proteins show polymorphism. Biochemical 

markers are therefore indirect indicators of genetic differences. However, differences in the 

amino acids making up the protein do not necessarily lead to detectable differences in proteins. 

A part of genetic diversity will therefore stay hidden. 

Polymorphism of marker loci is of importance when studying the genetic relations within and 

between breeds (Bretting and Widerlechner, 1995). Genetic diversity is mainly a function of 

genetic relationships between animals. To correctly assess these relationships on the basis of 
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Box 3.1 Literature 

All these types of genetic markers have been used in the many studies on genetic diversity. For 

instance, the use of microsatellites has been studies, amongst many others, by Moazami-

Goudarzy et al. (1997) in European cattle breeds and by Estoup et al. (1995) in populations of 

honey bee. 

Bretting and Widerlechner (1995) give a very useful review on the types of markers available 

and their utility. 

marker data, ideally one would want to have a marker gene with 2N alleles divided evenly over 

N founders. After a number of generations the allelic frequencies for that gene would reflect the 

contribution of each founder to the group of animals under investigation. Although this will not 

be encountered in real life, using markers that exhibit the highest degree of polymorphism can 

best approximate this situation. 

This is the reason why functional genes (i.e. genes that code for functional proteins as opposed 

to noncoding loci like microsatellites) and biochemical markers are less favourable for 

estimating genetic distances. Both functional genes and biochemical markers have roles to fulfil 

in the physiology of an animal. A major mutation in a functional gene or gene coding for the 

biochemical marker will in general have a deleterious effect. 

Box 3.2 DNA-chips 

It is estimated that every 100-300 nucleotides in the genome are polymorphic. There are now 

methods under development to identify such single nucleotide polymorphism (SNP). DNA 

chips are a novel and still developing technology that allows identification of every nucleotide 

in a studied DNA sequence in a single operation. A set of oligonucleotides is set on to a solid 

glass or silica support so that there is an oligonucleotide for every possible sequence 

variation. The studied sequence carries a fluorescent dye and is allowed to hybridise with the 

set of oligonucleotides. It hybridises preferentially to the exactly matching sequence. When 

up to 100,000 oligonucleotides can be attached to a chip of 1.7 cm2, a very large number of 

SNP sites can be quickly detected by automatic readers. 

This opens new possibilities for the use of marker loci in diversity studies. It will be relatively 

easy to screen an individual for hundreds of loci, increasing the precision of estimates based 

on this data. 
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